

















































































































































































































































































































5.6.2.2

The condition may be any variable, numeric expression, relational
expression, logical expression, string variable, string relational
expression, or function which can evaluate to a zero or non-zero
value. Two expressions or strings are compared according to the given
relation and a true or false condition results. If the second string
is followed by a comma, the expression following the commma indicates
the number of characters to be compared. If only a single expression
or string is given, the condition is considered false if the
expression is zero or the string is null; otherwise, it is considered
true.

If the condition is true, the statement(s) following the THEN clause
on the same line will be executed. If the condition is false, the
statement on the line following the IF-THEN statement will be the next
statement executed. Any POWER BASIC statement or statements
(ineluding GOTO's and other IF-THEN statements) may immediately follow
the THEN clause. They cannot extend to the next statement line
because statement execution continues at the next statement line when
a false condition occurs. The IF and THEN clauses must appear on the
same statement line.

Examples:

20 TIF A=0 THEN GOTO 100

30 IF SQR(J) =U4 THEN K=J*J/I::PRINT J,K

40 1IF I+2 THEN PRINT I

50 IF $A=$B THEN PRINT $A

60 IF $A THEN $B=$A

70 1IF CRU(11) THEN CRU(12)= 1::GOTO 200

80 1IF $A=$B,3 THEN GOTO 200 (compares first three characters
of $A and $B)

ELSE statement. The ELSE statement enables conditional execution of
POWER BASIC statements depending upon the true or false condition of
the last executed IF statement.

Form:
{line number) ELSE <BASIC statement)

IF-THEN statements set the ELSE flag to indicate the true or false
condition of the last executed IF-THEN statement. Subsequent ELSE
statements use the ELSE flag to determine whether the statement(s)
following the ELSE are to be executed. When the IF condition is true,
the THEN clause will be executed and all subsequent ELSE statements
will not be executed. When the IF condition is false, the THEN clause
will not be executed and all subsequent ELSE statements will be
executed. The ELSE statement must not be placed on the same statement
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line as the preceding IF-THEN statement because when the IF condition
is false, no further statements on the IF-THEN line will be

executedand execution will continue with the next statement line. The
ELSE flag remains set to the true or false condition until the next
IF-THEN statement is executed at which time the flag is cleared and
set to the new true or false condition. Several ELSE statements may
appear between each IF-THEN statement, and each of these will be
executed between each IF-THEN statement; they will be executed when
they are encountered if the last executed IF-THEN statement resulted
in a false condition. If a true condition resulted, each of these
statements will be skipped. An ELSE statement always uses the last IF
statement executed as its reference regardless of where it physically
lies within the POWER BASIC Program. This enables blocks of
statements to be conditionally executed or skipped.

Example:
The following program computes the function and prints the result:
Statement of function:

for X1, f=ABS(X),
for 1{ =X{2, f£=SQR(X),
for 2¢ =X, f=ABS(X)-SQR(X)

Program solution:

10 IF %<1 THEN F=ABS(X)

20 ELSE IF X{2 THEN F=SQR(X)
30 ELSE F=ABS(X)-SQR(X)

40 PRINT X,F

Evaluation BASIC: The ELSE statement is not supported by Evaluation
BASIC.

Subroutine (GOSUB, POP, AND RETURN) statements

BASIC programs may contain internal BASIC subroutines. An internal
subroutine is a sequence of BASIC statements performing a well-
defined function or operation within the POWER BASIC program. Three
types of statements govern access to a subroutine: a GOSUB statement
for entry into the subroutine, a POP statement for exiting nested
subroutines, and a RETURN statement for return to the calling program.

Forms:

{line number) GOSUB {line number)
<{line number)> POP
{line number) RETURN

An internal POWER BASIC subroutine may be invoked from any point
within the program by using a GOSUB statement which specifies the
entry point of the subroutine as a line number. Execution of the



10 X=2
20 GOSUB 90

30 X

X+Z ——————y

90 Z = 2%%-1 |
100 X = X/Z
110 RETURN

FIGURE 5-1. GOSUB Example

GOSUB statement pushes the address of the statement immediately
following the GOSUB statement onto the GOSUB stack for return, and
passes execution to the specified line number.

A RETURN statement placed in the subroutine is an exit point from the
internal POWER BASIC subroutine. A RETURN statement should be placed
at each logical end of all subroutines. The RETURN statement causes
execution to resume at the first statement following the GOSUB
statement that transferred to the subroutine. During this transfer,
the top return address is removed from the GOSUB stack. All
subroutines should be exited only via a RETURN statement so the top
return address will always be removed from the GOSUB stack.
Unpredictable results occur if a subroutine is exited in any other
fashion.

In Figure 5-1 GOSUB 90 involves statements on line numbers 90 (start
of subroutine), 100, and 110 (end of subroutine). If a GOSUB
statement is used, the subroutine it branches to must contain at least
one RETURN statement. The example illustrates the simplest use of
GOSUB and RETURN. The arrows indicate the flow of control in the
program.

Subroutines may be nested by a subroutine containing a call to another
subroutine (the inner subroutine is called a nested subroutine).

Subroutines may be nested up to 20 levels in Development BASIC (10
levels in Evaluation BASIC). A return address (first line number
after the call) must be stored for each GOSUB statement until that
statement is executed. The program in the following example contains
nested subroutines and shows the actual execution sequence. Each
GOSUB to a subroutine must be accompanied by at least one RETURN
statement per exit path. The nested program and execution sequence of
the example demonstrate entry to and exit from a subroutine.



LIST

10  PRINT "ROOTS OF QUADRATIC EQUATIONS"
20  PRINT
30 REM - ENTER COEFFICIENTS A,B,C OF A®X*X+B¥X+C
40 INPUT "COEFFICIENTS A= ";A;" B= ";B;" C= ";C
50 GOSUB 100
60 REM - RESTART OR END PROGRAM?
70 INPUT "MORE DATA (1=YES, 0=NO)? "%1;N
80 IF N)O THEN GOTO 20
90  STOP

100 REM - CALCULATE S=B¥*B-4¥*A¥C

110 S=B~2-4¥p%C

120 REM - COMPLEX ROQTS?

130 IF S0 THEN GOSUB 200 !COMPLEX ROOTS

140 ELSE GOSUB 300 'REAL ROOTS |
150 PRINT 10UTPUT BLANK LINE
160 RETURN

200 REM - CALCULATE COMPLEX ROOTS

210 Q=SQR(ABS(S))

220 R1=-B/(2%a) IREAL PART

230 R2=Q/(2%h) tIMAGINARY PART

240 PRINT "ROOTS (COMPLEX): ";R1;"™ + OR -";R2;" I"
250 RETURN

300 REM - CALCULATE REAL ROOTS
310 IF S=0 THEN Q=0
320 ELSE Q=SQR(S)
330 R1=(-B-Q)/(2%a) IROOT 1
340 R2=(-B+Q)/(2%A) 1ROOT 2
350 PRINT "ROOTS (REAL): ";R1;", "sR2
360 RETURN
would produce the following results:

RUN
ROOTS OF QUADRATIC EQUATIONS

COEEFICIENTS A= 2 B= 1 C= -1

ROOTS (REAL): -1, 0.5
MORE DATA (1=YES, 0=NO)? 1

COEFFICIENTS A= 1 Bz 4 C= 6
ROOTS (COMPLEX): -2 + OR - 1.414214 I

MORE DATA (1=YES, 0=NO)? 0

STOP AT 90



The following example shows the execution sequence of the previous
example. Note that all returns are performed via RETURN statements.

Execution sequence:

PRINT "ROOTS OF QUADRATIC EQUATIONS"

PRINT

REM - ENTER COEFFICIENTS A,B,C OF A#X%X +B#*X+C
INPUT "COEFFICIENTS A= ";A;" B= ";B;" C= ";C
GOSUB 100

REM - CALCULATE S= B*B-L#p#%C

S= B72-L¥A%C

REM - COMPLEX ROOTS?

IF S0 THEN GOSUB 200 {COMPLEX ROOTS
ELSE GOSUB 300 {REAL ROOTS

REM - CALCULATE REAL ROOTS
IF S=0 THEN Q=0
ELSE Q=SQR(S)

R1= (-B-Q)/(2%a) !ROOT 1

R2= (-B+Q)/(2%A) 1ROOT 2

PRINT "ROOTS (REAL): ";R1;", ";R2

RETURN

PRINT 1OUTPUT BLANK LINE
RETURN

REM - RESTART OR END PROGRAM?

INPUT "MORE DATA (1-YES, 0=NO)? "%1;N

IF N{)>O0 THEN GOTO 20

PRINT

REM - ENTER COEFFICIENTS A,B,C OF A®X*X+B#X+C
INPUT "COEFFICIENTS A= ";A;" B= ";B;" C= ";C
GOSUB 100

REM - CALCULATE S= B¥*B - 4¥p%C
S=B"2-4%A%C

REM - COMPLEX ROOTS?

IF SCO THEN GOSUB 200 1COMPLEX ROOTS

REM - CALCULATE COMPLEX ROOTS
Q= SQR(ABS(S))

R1 = -B/(2%a) 'REAL PART

R2= Q/(2*A) 1TMAGENARY PART

PRINT "ROOTS (COMPLEX): ";R1;" + OR -";R2;" In
PRINT 1OUTPUT BLANK LINE
RETURN

REM - RESTART OR END PROGRAM?

INPUT "MORE DATA (1=YES, 0=NO)? "%#1;N
IF N0 THEN GOTO 20

STOP



A RETURN statement must not be encountered unless a GOSUB statement
has been executed.

"Remembering"” all the return points by saving them on the GOSUB stack
and never removing them can exhaust the available GOSUB stack area.
The following program, which calculates N! illustrates this problem;
its use requires that N return points be remembered.

10  INPUT "N= ";N
20 GOSUB 100
30  PRINT N,N1

40  STOP

100  N3=N

110 N2=0

120 N1=1

130 GOTO 160
140  N3=N3-1

150 GOSUB 160
160  IF N3)1 THEN GOTO 140

170  N2=N2+1
180  N1=N1*N2
190 RETURN

The POP statement removes the top most previous return address from
the GOSUB stack. It does not perform a return transfer to the calling
routines. Execution continues at the statement following the POP
statement in the internal subroutine. The POP statement is useful for
exiting nested subroutines as the following example demonstrates.

10 REM - MAIN PROGRAM
20 GOSUB 100 ! CALL GET DATA

30 cevee
. E{>
100 REM - ! SUBROUTINE GET DATA
110 GOSUB 200 ! CALL GET NUMBER
120 LG

.
.
.

190 GOTO 100 ! GET NEXT DATA SEQUENCE
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200 REM - SUBROUTINE GET NUMBER
210 L IO B

250 REM - NUMBER FOUND?

260 IF NUM THEN RETURN ! IF NUMBER - RETURN
270 REM - NO MORE NUMBERS

280 POP ! REMOVE MOST RECENT RETURN ADDRESS
290 RETURN

In this example, the main program calls subroutine 100 which in turn
calls subroutine 200 until there is no more data. Subroutine 200
exits with a RETURN when data is found; a POP then RETURN when there
is no more data. Program execution then continues at line 30.

Evaluation BASIC: The POP statement is not supported by Evaluation
BASIC.

ON statement

{rariable) GOTO 4
{line number) ON THEN {line number), (1ine number),...

\{expression)) GOS
{variable) . GOTO )
ON THEN ine number),line numberd,...
Kexpression), GOS

ON statements select the target transfer line number of a GOTO or a
GOSUB from a list of statement numbers. The statement number list
contains a statement number for each expected value of the expression
or variable. The selection is based on the value of the expression or
variable truncated to an integer. If the expression value is 1, the
first line number in the 1list is selected. If the value is 2, the
second will be executed, and so forth. The GOTO or GOSUB statement
will be executed transferring control to that line. If the expresson
value is less than one or greater than the number of statement numbers
in the list, the transfer is not made and execution simply continues
with the next statement.

Examples:

10 ON J+1 THEN GOTO 15, 20, 35, 46, 70
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When J is equal to 3, J+1 is equal told4, and the fourth statement
number (46) is executed next. Similarly, J values of 0, 1, 2, and U
result in jumps to statement numbers 15, 20, 35, and 70, respectively.

110 ON X+3 THEN GOSUB 20, %0, 80, 300
120 ON (A+5)/Z THEN GOTO 10, 30

When X is equal to -1, the second statement number (40) is executed
next. When X is less than -2 or greater than +1, a transfer is not
made and line 120 will be the next statement executed. When (A+5)/2
is equal to 2, the second statement number (30) is executed next and
so forth. If the expression evaluates to a non-integer value, only
the integer part is used to determine the appropriate branch point.

Evaluation BASIC: The ON statement is not supported by Evaluation
BASIC.

5.6.5 FOR/NEXT loops

FOR and NEXT statements indicate the start and end of an instruction
block that is to be repeatedly executed as a set. One variable takes
on different values within a specified range; this variable is often
used in the computation or evaluation contained in the instruction
block. The FOR statement names the variable and stepping values of
that variable and also specifies its initial and final values. The
NEXT statement closes the program loop.

The FOR statement may have either of the following forms:

{line number> FOR (variable)
FOR (variable)

{line number) FOR (variable
FOR {variabl

{expression) TO (expression)
{expression) TO (expressiong
{expression) TO {expression) STEP {expression)
{expression) TO {expression) STEP {expression)

where
variable is a simple numeric scalar variable
expression is a valid POWER BASIC numeric expression
The NEXT statement has the form:

{line number) NEXT <variable}
NEXT {variable)

where

variable is a simple numeric variable



The simple variable of the NEXT statement must be the same as the FOR
statement variable at the beginning of the loop.

Specification of the STEP value is optional and usually omitted. If
omitted, a value of +1 is used. The step value may be any constant,
variable, or expression which evaluates to a positive or negative
value. Negative step intervals can be used to decrease the value of
the FOR variable from one pass through the loop to the next. By using
a step value of -1, the FOR variable can be made to decrease by
integer values during successive loop interactions.

Examples:

100 FOR X=0 TO 3 STEP D

200 NEXT X

300 FOR X4=(17+C0S(Z))/3 TO 3*SQR(10) STEP 1/4
ko0 NEXT XU

500 FOR X=8 TO 3 STEP -1

600 FOR J=-3 TO 12 STEP 2

700 NEXT J

800 NEXT X

Note that the step size may be a variable (D), an expression (1/4), a
negative number (-1), or a positive number (2). In the example with
lines 300 and 400, successive values of XU will be .25 apart in
increasing order. In the next example, the successive values of X
1terati??s through the loop, J will take on values -3, -1, 1, 3, 5, 7,
9, and 11.

If expressions are used to specify the initial, final or step-size
values, they will be evaluated only once when the FOR loop is entered.
Changing any of the values (either the step, initial or final values)
within the FOR loop does not affect the number of times the sequence
is executed with the exception of the control variable. The control
variable is assigned to the initial values when the FOR statement is
entered and is incremented (if the STEP value is positive), or
decremented (if the step value is negative) after each repetition of
the loop sequence. The last repetition of the loop sequence is when
the control variable is equal to the final value. When exiting the
loop in this manner, the control variable is incremented (or
decremented) one step value beyond the final value.

A pre-check is performed so that if the initial value is greater than
the final value in the case of positive STEP values, the loop sequence
will not be executed. Likewise, if the initial value is less than the
final value and the STEP value is negative, the loop sequence will not
be executed.

The control variable may be changed within the body of the loop and
the latest value of the variable will be used in the exit test;
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however, this programming practice is not recommended.

The statement "50 FOR I=2 TO -1" without a negative step size results
in the body of the loop not being executed, and execution proceeds to
the statement immediately following the corresponding NEXT statement.
The NEXT statement must be the first item in a line for this feature
to work properly.

The loop continues to be executed as long as the condition:
(step value)*(control variable){(step value)¥*(end value)
remains true. If the condition:
(step value)*(start value))(step value)*(end value)

is true when the FOR statement is first encountered, the loop will not
be executed.

When the loop is being executed, the control variable is first set to
the initial value and if the end criterion is not true, the loop is
executed. The control variable is then incremented by the step value
each time the NEXT statement is encountered and executed. The loop
terminates with the control variable equal to the last value used in
the loop plus the step value.

Example:

10 FOR I=1 TO 4 STEP 2

80 NEXT I

90 PRINT "I=";I
RUN

I=5

The NEXT statement closes the FOR loop. When it is encountered, the
step value is added to the control variable. If the control variable
has not gone beyond the end value, control will be returned to the
first statement following the FOR which opened the loop. The control
variable of the loop to be closed must be specified by the NEXT
statement. It is possible to place the FOR and NEXT statements on the
same statement line; however, remember that statement lines are
autonomous. Therefore, this type of loop structure cannot be
interrupted by using the escape key since keyboard sampling is
performed only between statement lines.

Also, FOR/NEXT statements on a single line or in separate statement
lines will cause an error to result if, during the initial pre-check,



the initial value has exceeded the final value. For example,
20 FOR I=10 TO 1::NEXT I
will result in a FOR W/0 NEXT error (ERR=31).

FOR loops may be nested; i.e., one FOR loop may contain another which
may contain a third, ete. If nested, however, they should not use the
same control variable. When two loops are nested, one must be
completely contained within the other. Overlapping is not permitted.
The following structure is correct:

10 FOR I=1TO 2
20 FOR J=1 TO 2
30 FOR K=1 TO 2

80 NEXT K
90 NEXT J
100 NEXT I

while the next two structures are incorrect:

10 FOR I=1 TO 2
20 FOR J=1 TO 2

80 NEXT I
90 NEXT J (WRONG, loops may not overlap)

10 FOR I=1 TO 2
20 FOR I=1 TO 2

80 NEXT I
90 NEXT I (WRONG, nested loops may not have the same

control variable.)

The following program illustrates nesting:

LIST
10 REM AREA OF A TRIANGLE
20 FOR B=6 TO 9
30  FOR H=11 TO 13 STEP 0.5
40 A=B*H/2
50 PRINT B,H,A



60 NEXT H
70 NEXT B
80 sTOP

This program prints the base, height, and area of triangles with bases
6, 7, 8 and 9, and heights 11, 11.5, 12, 12.5, and 13. All
combinations are printed: 20 sets of data for the four bases and- five
height values.

All values of the variable in the inner loop are cycled through while
the variable in the outer loop is set to its first value. The outer
loop variable is then set to its second value and the inner loop is
cycled through again. The program runs through each outer loop value
this way.

Nesting of FOR/NEXT loops is permitted to a level of 10 in
Development BASIC and 5 for Evaluation BASIC.

It is legal to transfer control from within a loop to a statement
outside the loop, but it is never advisable to transfer control into a

loop from outside. The next two examples illustrate both of these
situations.

Valid transfer out of a loop:

20 FOR I=1 TO N

30 X=X+2%I
4o IF x>’1000 THEN GOTO 100
50 NEXT I

Invalid transfer into a loop:

20 GOTO 50

30 FOR I=1 TO N

Lo X=X¥2#T

50 Y=Y+X/2

60 NEXT I

. (WRONG, 50 is inside a loop)
However, it is permissable to call a subroutine from within a loop and
then return from the subroutine back into the loop. The following
example illustrates repetitive calling of a subroutine from inside a
loop.
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Example:

10 FOR I=1 TO N

20 X=2%I-1
30 GOSUB 150
40 2=Z+Y

50 NEXT I

150 IF X{)>12 THEN GOTO 180
160 Y=2u8

170 RETURN

180 Y=200+L¥*X

190 RETURN

ERROR statement

The ERROR statement specifies a subroutine that will be called via a
GOSUB whenever any POWER BASIC error occurs.

Form:

{line number> ERROR (line number)
ERROR {1line number)

The ERROR statement enables the user to trap to an internal error
processing routine on the occurrence of any error. When an ERROR
statement has been executed and an error occurs, control passes to the
specified line number via a GOSUB statement. The statement number
where the error occurred will be placed on top of the GOSUB stack; if
the error is recoverable, a RETURN statement will resume execution at
that same statement when the error is corrected. If the error is
unrecoverable and control will not be transferred back via a RETURN,
it is good programming practice to execute a POP statement to remove
the line number from the top of the stack. This practice avoids
unnecessary cluttering of the stack, which may cause unpredictable
results. After the error trap, the system function SYS(1) will
contain the error code number and SYS(2) will contain the statement
number in which the error occurred. These are necessary for
processing in the error handler subroutine.

Once an error is encountered and causes transfer to the error handler
subroutine, the ERROR statement flag is cleared, and future errors
will not be‘trapped unless an ERROR statement is again executed. When
an ERROR statement has been executed and an error occurs, the
automatic printing of the error code is suppressed.
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Example:

10 ERROR 1000

1000 IF SYS(1)=10 THEN PRINT "STORAGE OVERFLOW"::STOP
1010 IF SYS(1)=23 THEN RESTOR::RETURN (rewind data file)
1020 ELSE PRINT "ERROR=" SYS(1):: STOP

1030 RETURN

Statement 100 designates the subroutine starting at statement 1000 to
be the error handling subroutine. When an error occurs, control is
transferred to statement 1000, and the error number is first tested
for "storage overflow". If "storage overflow" is not the error, it is
tested for the "read out of data" error number. If this is true, the
data is restored to its beginning and control returns to the statement
in which the error occurred. If this still was not the error, the
error number is output and execution stops.

Evaluation BASIC: The ERROR statement is not supported by Evaluation
BASIC.

STOP statement
The STOP statement terminates program execution at the logical end of
the program. There may be one or more STOP statements in a POWER

BASIC program, and they may appear anywhere within the program.

Form:
{line number> STOP

The system displays the line where program execution terminated.
Example:
900 STOP
STOP AT 900
END statement

The END statement marks the end of a program and terminates program
execution.

Form:
{line number) END

The END statement functions just as the STOP statement. It may appear
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as any statement within the program. The system displays the
statement number where program execution terminated.

Example:
70 END
STOP AT 70

INTERNAL INPUT STATEMENTS
READ, DATA, and RESTOR statements are used in the following forms:

(nuineric variable) (umerie variable)
{line number) READ , yoes

{string variable) (tring variable)

{line number) DATA {(string variable) {string variabled

{expression> {éxpression} }
{string constant) ) {string constant),

{line number) RESTOR

{line number> RESTOR (line number>

POWER BASIC permits definition of a list of data items containing both
strings and numbers within the program. Entries in this list are
defined by DATA statements and accessed sequentially by READ
statements. The RESTOR statement is used to move to a specific point
within the 1list or to the beginning of the list.

DATA statement

The DATA statement contains a list of data items separated by commas.
Each item in the 1list is either a string constant or an expression
which evaluates to a numeric constant. String constants must be
enclosed in quotes.

‘Example:

10 DATA 5, 3.14159,"DOE,JOHN",4#ATN(1)

A program may contain any number of DATA statements with no
restriction on their placement within the program; however, they are
typically placed together in a data block near the beginning or end of
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the program. The data list will contain all of the data items from
all DATA statements in the same order they are written in the program.
DATA statements have no effect when encountered during execution.

READ statement

The READ statement assigns values from the internal data list to
variables or array elements. The first READ statement executed
normally starts with the first item in the data list. Reading of data
items continues sequentially unless a RESTOR statement is executed.
An error (®ERROR 23 at XXXX) is generated when a READ statement re-
quests the next value with the data block exhausted of data.

The READ statement specifies a list of variables or array elements
whose values are to be assigned from the data list as shown below:

50 READ X, Y, A(5,X), $B,$C(Y)
The examples below illustrate use of the DATA and READ statements:

10 READ A,B,C,D

20 H=A®B¥*C*D

30 PRINT A,B,C,D,H

40 READ E,F,G

50 H=E¥*F#¥*g

60 PRINT E,F,G,H

70 DATA 2,3,5,7,11,13,17

80 STOP

RUN

2 3 5 7 210
1 13 17 2431

The data in this example is supplied in one DATA statement, but is
used in two READ statements at two different locations in the program.
When the program encounters the first READ statement, it searches for
the lowest-numbered DATA statement (which may occur before or after
the READ statement). The program takes numeric values from the DATA
statement in sequence associating them with READ statement variables
in sequence. In the example, A is assigned the value 2, B the value
3, C the value 5, and D the value 7. The program establishes access to
the next data value (11), so it may be assigned to the first variable
encountered in the next READ statement. Line 20 is computed, and the
newly-introduced variable H is assigned its computed value. The next
READ statement at line 40 introduces three new variables. The DATA
statement continues to supply data from line 70 at the pre-established
access point, so the new variables E, F, and G take on the values 11,
13, and 17. A new value for H is computed in line 50. The statement
that follows prints the new values for E, F, G, and H.
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The user must match numeric variables in the READ list to numeric
expressions in the data list. Similarly, the user must match string
variables in the READ list to string constants or string variables in
the data list. An error will result if this convention is not
followed.

Example:

10 READ A,B,$CAT

20 LET C=A+B

30 PRINT A,B,C,$CAT

40 DATA 2,3,"TEXT"

50 STOP

RUN

2 3 5 TEXT

RESTOR statement

The RESTOR statement is used to move either to a specific point in the
data list, or to the beginning of the list. A RESTOR statement
without an argument resets the pointer toé the beginning of the first
DATA statement.

A RESTOR with an argument resets the pointer to the line number
specified. The line number specified must exist but need not be the
line number of a DATA statement. The next sequential DATA statement
will be used.

Example:
70 RESTOR (restores to the beginning of the data list)
80 RESTOR 20 (restores to the first DATA statement at or beyond

line 20)
The following example program illustrates the use of RESTOR:
10 DATA 14,16,18

20 READ I,J,K
30 PRINT I,J,K

40 RESTOR

50 READ X,Y,Z

60 PRINT X,Y,Z

70 END

RUN

14 16 18
14 16 18
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The RESTOR statement in this program resets the DATA pointer and
transfers control to the READ statement in line 50 which then obtains
data from line 10 (even though the READ statement in line 20 has used
the same data). If the RESTOR statement was omitted, POWER BASIC
would print an error message indicating a lack of data for the
variables in the READ statement at line 50.

If the following statement is added to the example program between
lines 40 and 50:

45 DATA 2,2U4,26

The statement at line 50 would still cause the values 14, 16, and 18
to be printed. The RESTOR statement at line 40 results in data being
obtained from line 10 rather than from line 45.

If a program has no DATA or READ statements, the use of the RESTOR
statement does not affect the program.

TERMINAL I/O STATEMENTS

Terminal I/0 Statements consist of an INPUT statement to allow
keyboard input from a terminal and a PRINT statement which prints
values of expressions in an output list on the output device.

INPUT statement

The INPUT statement is used for keyboard input from an interactive
terminal into variables of the BASIC program.

Form:
. 9 ?
{line number> INPUT <{yariable)> {,} (variable) {,}

The INPUT statement performs as a READ statement with the exception
that it accesses the numeric constants and strings from the external
keyboard instead of from internal DATA statements. It provides all
translation from character data to the internal formats of the POWER
BASIC system and thus assigns input values to the variables or array
elements specified in the input list. All characters are echoed as
they are entered. The INPUT statement is extremely versatile and
provides a means to 1)input numbers only, 2) input character strings,
3) detect control characters, 4) prompt with character strings, 5)
specify maximum number of input characters, 6) specify exact number of
input characters, 7) suppress carriage return/line feed, and 8)
suppress prompting.

Input variables may be entered in a list separated by carriage



returns. Numeric data may be represented as decimal integers,
floating point, exponential, or hexadecimal values. There should be no
embedded spaces within numerie values and all spaces preceding or
following numeric data are ignored. For string data input, the
string consists of all characters after the prompting character and up
to (but not including) the end of the input (carriage return). The
string includes all entered blanks and quotes.

The INPUT statement prompts the user with a gquestion mark (?) for
numeric only inputs, and a colon (:) for character inputs. If an
illegal number is entered in response to the question mark prompt, the
computer will respond with a double question mark (??) and wait for
correct input. The computer will continue to prompt until the user
has entered all data requested.

In the following examples, a carriage return is represented by (CR)
and all user responses are underlined.

Examples:

40 INPUT X

50 INPUT $A, $B

60 INPUT $Y,2

70 PRINT X, $A, $B, $Y,Z
80 sTOP

RUN

7256 (er)

:CAT (cr) :DOG (er)

:HI (er) ?80A (cr) 7780 (er)

256 T CAT DOG HI 80

STOP AT 80

In the program, statement 40 outputs a question mark waiting for
numeric input. The user enters the number "256" followed by a carriage
return which terminates the INPUT statement of line 40. The variable
X is assigned the value of "256." Next it prompts with a colon
awaiting character string input. The user enters "CAT" followed by a
carriage return. The computer immediately prompts with a colon
awaiting the next string input. The user enters "DOG" and a carriage
return which terminates this input line. The computer then prompts
with a eolon and the user inputs "HI" and a carriage return. Next, the
computer prompts with a question mark and the user incorrectly enters
"80A", an illegal numeric value. Therefore, the computer responds
with a double question mark and awaits correct input. The user enters
"80" followed by a carriage return which terminates the INPUT
statement. Statement 70 is then executed and outputs the values read
into the variables.



An INPUT statement can be combined with a PRINT statement to prompt
user response as follows:

20 PRINT "YOUR VALUES OF X, Y, AND Z ARE";
30 INPUT X, Y, Z
40 sTOP

RUN
YOUR VALUES OF X, Y, AND Z ARE? 50 (er) 2?60 (er) 270 (er)

STOP AT 40

Since user prompting for data input is required in most applications,
the INPUT statement has been designed to permit string constants to be
embedded in the INPUT statement for direct prompting output. The
string constants must be enclosed by quotation marks. There may be any
number of string constants within the INPUT statement separated from
input variables and other string constants by commas or semicolons.

The above example may be performed as follows:

20 INPUT "YOUR VALUE OF X IsS", X, " y", Y, " 2", Z
30 STOP

RUN
YOUR VALUE OF X IS? 1 (er) Y? 2 (er) Z? 3 (er)

STOP AT 30
Similarly for string input:

10 DIM N (5)

20 INPUT "WHAT IS YOUR NAME", $N O
30 PRINT "YOUR NAME IS ";$N O

40 GOTO 20

RUN

WHAT IS YOUR NAME: JOHN (er)

YOUR NAME IS JOHN
WHAT IS YOUR NAME:

A semicolon may be used to perform input formatting. If a semicolon
is placed at the end of an INPUT statement line, the carriage
return/line feed is suppressed after processing the INPUT statement as
the example below illustrates:

10 INPUT "INPUT X", X;
20 PRINT " X SQUARED="; X*X
30 INPUT "INPUT Y", Y



40 PRINT ™Y CUBED="; Y#*Y#Y
50 STOP

RUN
INPUT X712 (er) X SQUARED= 144

INPUT Y?3 (er)
Y CUBED= 27

STOP AT 50

In line 10 the semicolon is present at the end of the INPUT statement;
therefore, the carriage return/line feed is suppressed after entering
the constant 12 so that "X SQUARED= 144" can be output on the same
line. In line 30 a semicolon is not present so the carriage
return/line feed is performed.

When the semicolon is placed before an assignment variable in the
INPUT 1list, the automatic prompting of a question mark or colon is
suppressed. The user may then perform his own prompting in the POWER
BASIC Program by using PRINT statements or placing character strings
in the INPUT statement.

Example:

5 DIM N(3)

10 INPUT "WHAT IS YOUR EMPLOYEE NUMBER?", $N (0)
20 INPUT "WHAT IS YOUR EMPLOYEE NUMBER?"; $N (0)
30 STOP

RUN

WHAT IS YOUR EMPLOYEE NUMBER?: 1234 (er)
WHAT IS YOUR EMPLOYEE NUMBER?123% (er

STOP AT 30

In line 10, the INPUT Statement prompted with a colon (:). In line 20
no prompt was issued.

The user may limit the number of characters which can be entered from
the keyboard for both numeric and string variable assignments by using
the # or % operators in the INPUT statement. Use of the # operator
will specify the maximum number of characters which can be entered
from the keyboard. Use of the % operator will specify the exact
number of characters which must be entered. The scope of both the ¥
and % operators extend through the entire INPUT line.
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Forms:

’ H
{line number) INPUT <{#> expression {,} variable {,} ceos

b} H
{line number) INPUT <%) expression {,} variable {,}

When using the # operator, the user may enter any number of characters
less than the specified maximum by ending the input sequence with a
carriage return. The user cannot enter more than the specified
maximum number. When the maximum number of characters have been
entered POWER BASIC stops accepting keyboard input, assigns the value
just entered, and automatically continues to the next sequential
statement or INPUT statement parameter.

Use of the % operator requires that an exact number of characters be
entered. POWER BASIC waits for the exact number of specified
characters to be entered and then continues to the next sequential
statement or INPUT statement parameter; no carriage return (er) is
required at the end of user INPUT. If the user attempts to enter less
than the specified number of characters by ending the input sequence
with a carriage return, POWER BASIC will ignore the carriage return
and continue to wait until the number of characters specified have
been entered.

Examples:
10 REM THE MAXIMUM NUMBER WHICH CAN BE ENTERED IS 999
20 INPUT #3, A, B
30 STOP

RUN
7512 2900

STOP AT 30
10 PRINT "ENTER PHONE NUMBER (XXX-XXX-XXXX)";
20 INPUT %3;A,"-";B,"-" %4;C

30 PRINT "YOUR PHONE NUMBER IS";A;"-";B;n"-";
40 STOP

RUN

ENTER PHONE NUMBER (XXX-XXX-XXXX)123-456-1234
YOUR PHONE NUMBER IS 123-456-1234

STOP AT 40

In the first example the user may enter any numbers which do not
require more than three keystrokes. The range would be limited to
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=99 to 999. In the second example the user is requested to enter his
telephone number in the format XXX-XXX-XXXX. The % symbols require
the user to enter exactly the required amount of numbers. The user
enters 123. The computer places the number in variable A and outputs
a "-", The user enters 456, and the computer places the number in
variable B and outputs a "-". The user enters 1234 to complete the
sequence. Statement 30 then prints the user's phone number using the
variables of the INPUT 1list.

The user may detect any invalid input or control characters which are
entered during both numeric and string variable assignment by using
the question mark (?) operator in the INPUT 1list.

Form:
9

’
<{line number) INPUT {?>{line number) {,} {variable) {,}

The "?" operator specifies the line number to which control is
transferred via a GOSUB statement if a control character or invalid
input is encountered during input. The SYS(0) function will return
the control character encountered. SYS(0) will be equal to -1 if
there was an invalid input. Otherwise, SYS(0) will equal the decimal
equivalent of the control character. This feature is useful for
transferring control to internal subroutines by using the INPUT
statement. For example, to the user who requires additional
information for the input of data, (econtrol) H can be used to transfer
to a routine which outputs a HELP message.

Example:

10  INPUT ? 100,N
20 PRINT N

100 REM SUBROUTINE TO PROCESS (control) H INPUT
110 PRINT "USER INPUT ASSISTANCE"

RUN

? (control) H
USER INPUT ASSISTANCE
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5.8.2

In line 10 if the user enters a numeric value, it will be entered in
the variable N; or if the (control) H key is entered, the subroutine
at statement 100 will be executed and output the instructions for user
input.

Evaluation BASIC: The % and ? operators are not supported by
Evaluation BASIC.

PRINT statement

The PRINT statement causes the values of all expressions in the list
to be printed on the output terminal. Commas and semicolons are used
to separate expressions and provide for print formatting.

Form:
PRINT , , R
line number s expression {,} expression {,} {,}
PRINT , , ,
H expression {,} expression {,} {,}

The expression list may contain any numeric variable, numeric
expression, string variable, string constant, or any ASCII code which
is to be output to the terminal device.

String constants may be printed directly by inserting them in the
PRINT statement expression list. String variables are printed by
having the variable name preceded with the dollar sign designator.
The following example illustrates the output of string constants and
string variables.

100 DIM N(10)

110 $N(0)= "POWER BASIC."

120 PRINT "THE NAME OF THE LANGUAGE IS ";
130 PRINT $N(0)

140 STOP

RUN
THE NAME OF THE LANGUAGE IS POWER BASIC,

STOP AT 140

The PRINT statement may be used to directly output ASCII codes to the
terminal device. The hexadecimal ASCII code must be enclosed in angle
brackets, (e.g., <€OA> ) and may be placed anywhere with string
constants or predefined string variables appearing within the PRINT
statement expression list. Only the low order 7 bits of the
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hexadecimal code will be output to the device. Evaluation BASIC does
not support the direct output of ASCII characters.

Example:
10 PRINT "GO TO THE NEXT LINE {OA)>{OD) AND CONTINUE PRINTING!"
would generate

GOTO THE NEXT LINE
AND CONTINE PRINTING

Evaluation BASIC does not support direct ({)) entry of control
characters; however, any ASCII character can be inserted into string
variables with the use of the % operator. The % operator places the
single byte value of the succeeding expression into the specified
character string. The byte value to be inserted into the string
represents the decimal equivalent of an ASCII character. Hexadecimal
ASCII character codes may be entered in Development BASIC by using the
proper hexadecimal notation (e.g., $A=%f0AHZODH%0H). Byte value
insertion should always be terminated with a null (zero byte)
insertion (e.g., $OAHSO41HPOH). ASCII codes may be concatented to
character strings; however, character strings may not be concatenated
to ASCII codes in character assignments. For example, $A=$B + "YES" +
%$10%13 is a valid character assignment, while $A=$B + $10%13 + "NO" is
an illegal character assignment. These string variables can then be
output with the PRINT statement. The following example program
illustrates this procedure.

LIST

10 DIM A(10)

20 $B=%10%13%0 !(10=LINE FEED, 13=CARRIAGE RETURN)

30 $A(0)="GOTO THE NEXT LINE"+$B+"AND CONTINUE PRINTING!"
40 PRINT $A(0)

50 STOP

would generate,

GO TO THE NEXT LINE
AND CONTINUE PRINTING!

To facilitate rapid statement entry in the edit mode, a semicolon (;)
may be used in place of the word "PRINT" in any PRINT statement. Upon
statement entry, the semicolon is internally translated to the "PRINT"
code. Thereafter, listing of the statement will result in output of
the word "PRINT." For example" )

10 PRINT I,J

20 ;X,Y,Z

30 ; 'THE SEMICOLON WILL LIST AS "PRINT"®
LIST
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10 PRINT I,J
20 PRINT X,Y,Z
30 PRINT 'THE SEMICOLON WILL LIST AS "PRINT"!

In its simplest form, the expressions in the output list are separated
by commas. In this form, an output line is divided into five
15-character print fields starting in columns 1, 16, 31, ete. A comma

following an expression in a list is a signal to advance to the next
field. Expressions separated by commas are output one expression per
print field. This enables output lines to be formatted into five left
Justified columns within the field. Expressions may occupy more than
one field, in which case the comma following the expression in the
PRINT list advances the print output to the next blank field. Note
that when more than five expressions are included in the output list
separated by commas, the terminal device should be of the type which
buffers the characters and automatically generates a carriage
return/line feed when its buffer is full to obtain the correct five
column output. If the terminal device does not perform in this
manner, output values may be lost at the end of output lines, and the
five column output format may be skewed. Printing will continue in as
many lines as are required to complete the output list. When the
entire output 1list has been printed, a carriage return/line feed is
automatically inserted after the last print item. Subsequent printing
begins on the next line. For example, the following statements:

10 X=7

20 $NAM = "PAUL"

30 PRINT X, X+2, X+l

40 PRINT "GEORGE", "HARRY", $NAM

would generate

7 9 1"
GEORGE HARRY PAUL

The automatie carriage return/line feed at the end of a PRINT
statement may be suppressed by placing a comma at the end of the
output list. Subsequent printing will begin in the next field of the
same line. For example:

10 X =17
20 $NAM="PAUL"

30 PRINT X, X+2, X+l
40 PRINT "GEORGE", "HARRY", $NAM

would generate

7 9 11 GEORGE HARRY
PAUL

Note that most terminals automatically generate a carriage return and
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line feed as occurs in the following example:

10 FOR I=1 TO 14

20 PRINT I,
30 NEXT I
40 STOP
RUN
1 2 3 y 5
6 7 8 9 10
1 12 13 10
STOP AT 40

More compact printing can be achieved by using semicolons rather than
commas as expression separators. When followed by a semicolon,
numbers in the output list will print in as many characters as
required to print the numbers of the expression plus one blank space
added on the left. However, strings in the output list will print in
exactly the end of an output list,the last item will print in a short
field as just described, and subsequent printing will begin
immediately after that field. For example:

10 S1=95

20 S2=87

30 S8=92

40 PRINT "SCORES AND NAME:";S1;S2;
50 PRINT S3; "JOE DOE"

would generate

SCORES AND NAME: 95 87 92 JOE DOE

Another example:

10 FOR I=1 TQ 14
20 PRINT I ;
30 NEXT I
40 STOP
RUN
12345678910 11 12 13 14

STOP AT 40

Note that both semicolons and commas may be used to separate
expressions in any PRINT statement and that the print position of the
next expression will depend on the separator (semicolon or comma) used
to delimit the expressions. The following example illustrates the use
of both delimiters in a single PRINT statement.
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5.802'1

10 H=98
20 L=60
30 A=79
40 PRINT "HIGH= ";H,"LOW= ";L,"AVERAGE= ";A

would generate
HIGH= 98 LOW= 10 AVERAGE= 79

A PRINT statement without an expression list is a valid statement.
Execution of this statement results in the output of one blank line,as
the example following illustrates.

10 PRINT "THERE SHOULD BE TWO BLANK LINES BETWEEN HERE AND"
20 PRINT

30 PRINT

40 PRINT "HERE!"

would generate

THERE SHOULD BE TWO BLANK LINES BETWEEN HERE AND

HERE!

Evaluation BASIC: The ability to directly output hexadecimal ASCII
codes (e.g., (OA) ) is not implemented in Evaluation BASIC. However,
the % operator may be used to perform this function as explained
earlier in this section. It will insert the byte code corresponding
to the decimal value of the expression following the % operator.

Example:

10 $A=%1090 I!LINE FEED (OA)=10
20 PRINT $A

Print formatting. The PRINT statement may be used to specify the
exact print format for the output of numerie expressions. The pound
sign (#) within a PRINT statement followed by a hexadecimal formatting
character or a decimal formatting string provides this capability.
Print formatting is not supported by Evaluation BASIC.

Print formatting using the formatting string for decimal numerie
output is supported by Development BASIC only when the TM 990/U452
ENHANCEMENT SOFTWARE PACKAGE EPROM set is installed in the system as
presented in Section 2, Paragraph 2.3.2. Execution of PRINT statement
utilizing this option without the Development Support option EPROM set
being installed will result in an "EXPANSION EPROM NOT INSTALLED"
error.
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Forms:

(line numberd> PRINT <#><exp>{§}

PRINT (#)(exp}{"} ceee
{1ine number> PRINT <{#,)<exp> g}
{1line number) PRINT {#;>{exp) {:} ceee
PRINT {#; {exp) {:} evee

{line number) PRINT ¥)<{string constant)(expression){} ces
b
!

PRINT <{#,><exp)

|

?
H

9
PRINT (#{string constant)>{expression)};
?
(line number) PRINT {#> {string variable){expression)|;
]

H

PRINT (#)(string variable}(expressiorb{ } .es

The formatting function may appear anywhere within the parameter 1list
of the PRINT statement. The parameters within the PRINT statement are
separated by commas or semicolons as explained in the PRINT statement
(paragraph 5.8.2). A separator appearing at the end of the parameter
list will force subsequent printing to continue on the same line just
as in the PRINT statement.

A format designator (#) followed by a semicolon, comma, or space is
used to output hexadecimal values in either byte, word, or free
format, respectively. These format specifiers convert to hexadecimal
the numeric constant, variable or expression immediately following the
specifier. The scope of the hexadecimal format specifier is for the
first constant, variable, or expression only and not for the entire
line as in the case of print formatting using a string image.
Subsequent values will be printed in free format decimal
representation.

The "#;" specifier converts the value and outputs the hexadecimal
result as a single byte with no preceding or trailing blanks or zeros
and without the "H" character. Only the least significant byte will
be output for values which require more than one byte for their
hexadecimal representation.

The "#," specifier converts the value and outputs the hexadecimal
result as a full word (two bytes) with no preceding or trailing blanks
or zeros and without the "H" character. The least significant two
bytes will be output for values requiring more than one word for their
hexadecimal representation.

The "#" specifier by itself converts the value and outputs the result
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in hexadecimal free format representation. The hexadecimal result
occupies as many digit positions as required to print the number. It
is preceded with a zero (0) and followed by the "H" character.

The following examples illustrate hexadecimal output formatting. The
user will terminate the entry line with a carriage return. POWER
BASIC outputs are designated by underlining.

PRINT  #;1;" ";#,1;" "; #1 01 0001 O1H
PRINT #;31;" ";#,31;" ; #31;" #;37 1F. 001F O1FH 31
LET A=106

JF 001F 01FH
PRINT #;A;" ";#,A;" ";#A;" ";A 6A 006A O6AH 106

Numeric decimal formatting is designated within a PRINT statement
parameter list by a print format specifier (#) followed by a format
constant or string variable. The format string may be either a string
constant enclosed in quotes which directly contains the formatting
string, or a string variable which has prevously been assigned the
formatting string.

The format string indicates the final printed image of how the numeric
expressions specified within the PRINT statement parameter list are to
be output. Fields are reserved for printing numeric data by forming
output images of the printed results. Special characters are used
within the format string to indicate these results.

Several formatting strings may be interspersed within a single PRINT
statement parameter list. Numeric output values use the last defined
print format in that statement line for their output. Exit from a
PRINT statement line resets the formatting flag with subsequent
numeric valiues printed in free format. That is, the range of print
formatting is limited to the print statement line in which it is
located. Subsequent PRINT statements each require their own print
{ormat specifier (#) and string.

Text to be output may be interspersed within the formatting string so
long as it contains none of the special characters used for print
formatting.

The special characters used in the formatting string are shown in
Table 5-2.

When using print formatting, floating point numeric values are rounded
to the number of decimal places specified by the format string. A
formatting error occurs if a numeric value is inconsistent with the
specified formatting string or if the integer portion of a value
requires more digits than specified by the format string. This is
indicated to the user by filling the entire output field with
asterisks (%),

The followiﬁg paragraphs and examples explain the use of formatting
characters. In these examples single quotes (') are embedded within
the format field so the actual printed results can be shown more
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clearly. In practice these quotes typically would not be used. The
user who has Development BASIC may execute these examples from the
keyboard by entering the example through the final semicolon (),
inclusive, and then terminating the entry line with a carriage return.
POWER BASIC will respond with the formatted results output between the
quotes.

The "9" and "O" formatting characters are used as digit holders. The
period (.) character specifies the decimal point position on output.

PRINT #"'99'n 5;15¢

PRINT #"'999.00'"25,.32;' 25.32'
PRINT #"'99.0'" 15.575;'15.6"
PRINT #1'99,0'" 101.25; #essss

The "O0" formatting character also forces a zero if a non-significant
digit is output at that position.

PRINT #"'999.00'"28;' 28.00'

PRINT #"'990.00'".153;' 0.15'

PRINT #"'990.000'",75;' 0.750'

PRINT #"'990.000'" 1047,23; ###snssss
PRINT . #"'000-00-000'" 3021; '000-03-021"'

TABLE 5-2. FORMATTING STRING CHARACTERS

CHARACTER FUNCTION EXAMPLE

. Decimal point specifier PRINT #"999.99"25.32; »25.32

A  Translates to decimal point PRINT #"99900"1000; ¥10.00

, Suppressed if before signi- PRINT #"99,999.99"100; bbb100.00
ficant digit

9 Digit holder PRINT #"9999"123; ¥123
5210 ©  Digit holder or forces zero PRINT #"9999.999".234; B860.234
$ Digit holder & floats $ PRINT #"$$$.99"8; ¥$8.00
S Digit holder & floats sign PRINT #"SSS.99" -6; ¥-6.00
E Sign holder after decimal PRINT #"990.99E" -150.75;150.75~
< Digit holder before decimal PRINT #"{{< .00>" 500;500.00
& floats on negative
S number L,
Appears after decimal if  PRINT #"<K 000" =50; 50.00
negative
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The A" formatting character translates to a decimal point upon output
wherever it is located in the format field. For example, this is
useful when performing monetary calculations in pennies and then
translating the results to dollars and cents on output.

PRINT #"'999100'"200;' 2.00'
PRINT #"'999°N00'"2532; 25.32’
PRINT #"'999A00'"12000;120.00"

The comma (,) formatting character inserts a comma in the output
numeric value; however, it is suppressed if there are no significant
digits to the left of its position in the output value. Typieally, it
is used to separate groups of three decimal digits, (e.g., 1,000 and
1,000,000).

PRINT #"'99 990.00'"3529.87; ' 3,529.87'
PRINT #"'99:990.00'" 903; +' 503,007
PRINT #"'99,990.00'"10.2333;" 10.23"'
PRINT #"'99,990.00'"100256,72; ¥RNNFFFEF 2

The dollar ($) sign formatting character is used to output the dollar
sign with the numeric output value. It is a digit holder and also
"floats" to the position immediately to the left of the most
‘significant digit of the output value.

PRINT #"'$$$.00'"25,32;'$25.32"

PRINT #"'$$$.00'". 50-1_:j[§§ij

PRINT #"'$$$.00'"100;7100.00"

PRINT #"'$$$.001"1000; ¥¥Ruu¥N»

PRINT #"'$,$$$.00'"1.,52; ' $1.52'
PRINT #"'$$,$$$.00'" 95365 '$9,536.00

The "S" formatting character is used to output a signed numeric value.
A minus sign (-) is output for a negative number and blank for a
positive number. The "S" character is a digit holder and "floats" the
sign of the numeric value to the position immediately to the left of
the most significant digit of the output value.

PRINT #"'SSS0.00'" 208.79; ' 208.79'
PRINT #"'SSS0.00'" -20.79; ' -20.79'

If the user attempts to output a negative number without using the "S"
formatting character, the number will be output as a positive number.

The "E" formatting character is used to output a signed numeric value

with the sign appearing to the right of the decimal point. It
functions only as a sign holder and is not a digit holder.
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PRINT #"'990.00E'" 32,253; ' 32.25 '
PRINT #"'990.00E'"-32,253; 7 32.25-"
PRINT #"'990.00E'" -.50; ' 0,50-"

The ™" and "Hn formatting characters are used in another form of
outputting negative numbers. They typically are used together in the
formatting string. The "(" character is a digit holder and appears
before the decimal point. The ")" character appears after the decimal
point and is only a sign holder. On the output of a negative number
both the "(" and ")»" characters are output with the string. The "{"
character will float on a negative number to the position immediately
to the left of the most signficant digit of the output value. The ")"
character will appear at its position to the right of the decimal
point on a negative number. When outputting a positive number,
neither the "{" nor ")" character will be output in the string.

PRINT #"'{{(¢,<{{¢.00p>'" 1250; * 1,250,00 '
]

PRINT #71¢({ ,{(¢ 009" ~1250; 7 ¢1,250,005"

PRINT #7'({C.00>'" ,20; ' .20 °
PRINT #7'¢({.000'"-0.2; *_ {.2057

The following sample program further illustrates the results of print
formatting. When this program is executed the user is requested to
enter a numeric value and formatting string. POWER BASIC then
outputs the number using the user supplied print formatting string.

100 DIM F(5)

110 INPUT "INPUT NUMBER"N" FORMAT"$F(0)
120 PRINT "'"#$F(0);N"'" ‘

130 GOTO 110

RUN
INPUT NUMBER? 1 FORMAT: 999,990.99

' 1.00"

INPUT NUMBER? 123456 FORMAT: 999,990.99
1123,456.00"

INPUT NUMBER? 529728761 FORMAT: 000-00-0000
1529-72-8761"
INPUT NUMBER? 2335.34 FORMAT: $$$,$$$,$3$.99E
' $2,335.34
INPUT NUMBER? -234.56 FORMAT: SSSSS.99

Crov 1234 ,56!
INPUT NUMBER? -2335.34 FORMAT: $$$,$$$,$8$.99E
' $2,33503u"
INRUT NUMBER? 1234556 FORMAT: 999,999

1RERNNNN

INPUT NUMBER? 123 FORMAT: << ,{£0.99>

' 123.00"

INPUT NUMBER? -1234 FORMAT: <{( ,<0.99)
' 1,234.00 °



5.8.2.2

Evaluation BASIC: Print formatting is not supported by Evaluation
BASIC. : : .

Development BASIC: Note that decimal print formatting utilizing a
formatting string is supported by Development BASIC only when the
TM 990/452 Enhancement Software Package EPROM set is installed in the
system.

TAB. Output formatting can also be controlled by use of the TAB
function. g

Form:
TAB ({expression))

The expression in the TAB function specifies the horizontal column
position where the print item following the TAB will begin printing.
The TAB function may contain any expression as its argument. The
expression is evaluated and its integer portion used. If the result
is greater than the line size, the specified print item will be
printed on the next output line. If the column specified by the
integer part of the expression has already been passed in the current
print line, the TAB function will be ignored and the print item will
be output at the current position in the print line. The TAB function
may be used to format output into columns on the output device.

Examples:

10 PRINT "BIG"; TAB(20);"SPACE"
will generate

BIG SPACE
while:

10 PRINT TAB(20); "SPACE";TAB(1);"BIG"
will generate

SPACEBIG S weTt

In the first example, the string "BIG" is output starting in column

1. The TAB function advances the printer to column 20 and outputs the
string "SPACE". In the second example, the TAB Function advances the

printer to column 20 and outputs the string "SPACE". The TAB (1)
attempts to return the printer to column 1 in the print line. Since
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that column position has already been passed, the string "BIG" is
output immediately following "SPACE" (the current position on the
print line).

Note that the printing of tabs in the keyboard mode is not supported.

Summary - PRINT statement rules. The PRINT statement may contain
the following elements any number of times and in any sequence within
the expression list. The only restriction is that no two expressions
(exp) may appear together without a separator between them. Valid
separators are a comma (,), a semicolon (;), or a pound sign (#). An
expression is defined as any arithmetic combination of numeric
constants, variables, or functions. For example, PRINT 3+5 2%#SQR(A),
is an illegal statement.

{exp> May not appear together without a separator
{var) between them.
($vard } ,
" string "
TAB
’ Separators
H
#

Most users insert redundant semicolons (;) and parenthesis within the
expression 1list of PRINT statements to facilitate readability and
clarity. However, the experienced user may eliminate many of these
redundant characters to save memory area and increase the speed of
interpreter execution.

The following examples show the typical format of a PRINT statement:

100 PRINT "A=";A;"B=";B

110 PRINT A;TAB(10);"HI";#"999.99";A;TAB(25);B
120 PRINT 25;$B;"STRING";B

130 PRINT $A;$B

140 PRINT B;$A;C

These statements could be altered to:

100 PRINT "A="A"B="B

110 PRINT A TAB 10 "HI"#"999.99"A TAB 25;B
120 PRINT 25 $B "STRING" B

130 PRINT $A $B

140 PRINT B $A;C
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The following examples illustrate invalid PRINT statement expression
lists:

100 PRINT A B 25

110 PRINT 250 SQR(A)

120 PRINT $A B 15

130 PRINT 5%SQR(A) A®B/C

These statements must be written as:

100 PRINT A;B;25

110 PRINT 250; SQR(A)
120 PRINT $A;B;15

130 PRINT 5%SQR(A);A*B/C

These techniques should ony be used in programs which will never be
read by other than expert POWER BASIC programmers. Saving space and
time at the expense of program clarity may cost more in the long run
than you are willing to pay.

UNIT statement

The UNIT statement designates the device or devices to whiech all
subsequent printed output will be sent.

Forms:

(line number). UNIT {expressiony.
UNIT {expression)

The expression may be any numeric constant, variable, or expression
which is evaluated and its integer portion used. The UNIT statement
is used in conjunction with Development BASIC using a TM 990/101M
microcomputer board. The UNIT statement directs all printed output to
either or both of the serial interfaces present on the TM 990/101M.
Note that the TM 990/100M microcomputer board has only one serial I/O0
port, and therefore the UNIT statement of Development BASIC will only
affect the output to port A of this board.

The unit number assignments are as follows:

UNIT SERIAL I/0 PORT
1 SERIAL PORT A (CRU = 0080;¢)
2 SERIAL PORT B (CRU = 01807¢)
3 SERIAL PORTS A & B

All output will be directed to the device on the selected I/0 port,
including LIST output, BASIC command/statement output, and all program
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generated output. The serial ports will remain selected for output
until a subsequent UNIT statement is encountered.

Examples:
100 UNIT 1 (directs output to PORT A)
200 UNIT 3 (directs output to PORTS A & B)

Evaluation BASIC: The UNIT statement is not supported by Evaluation
BASIC.

BAUD statement

The BAUD statement is used to set the baud rate of the serial I/0
port(s) in either the program or keyboard mode.

Forms:

line number BAUD expression 1 , expression 2
BAUD expression 1 , expression 2

The BAUD statement will initialize the TMS9902 Asynchronous
Communications, port A or B (as specified by expression 1) to the baud
rate specified by expression 2.

Expression 1 will be evaluated and its integer portion will be used.
A zero value for expression 1 will select port A (CRU address of 80)
of the TM 990/100M or TM 990/101M microcomputer board, while a non-
zero value will select port B (CRU address of 180) of the TM 990/101M
mierocomputer board.

Expression 2 will be evaluated and its integer portion will be used.
The table below presents the valid range for expression 2 and the
corresponding baud rates.

Expression Baud
Value Rate
0 19,200

1 9600

2 4800

3 2400

4 1200

5 300

6 110
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Examples:

BAUD 0,4 (in keyboard mode)
10 BAUD 0,0
20 BAUD 1,2

Evaluation BASIC: The BAUD statement is not supported by Evaluation
BASIC.

INTERRUPT PROCESSING

Three statements are supplied for interrupt processing using a BASIC
language subroutine. These statements have the following form:

{line number) IMASK <{expression)
{line number) TRAP  <{expressiom) TO <line number)
{line number) IRTN

The IMASK statement allows the user to control the interrupt mask of
the processor. The TRAP statement associates an interrupt level with
the statement number entry point for the interrupt processor
subroutine written in BASIC. The user will return from this
subroutine with the IRTN statement.

Note: The TM990/100M microprocessor has an onboard jumper (J1) which
enables TMS9902-generated interrupts to be routed to the interrupt 4
line of the TMS9901. This interrupt route must not be used with POWER
BAS%C. This jumper must be set to P1-18 positionas specified-in Table
2-3).

Similarly, the E1-E2-E3 jumper on the TM990/101M board must be set to
the E1-E2 position as specified in Table 2-2.

Evaluation BASIC: Interrupt processing is not supported by Evaluation
BASIC.

IMASK statement

The IMASK statement is used to control the interrupt mask of the
TMS9900 microprocessor. The TMS9900 mieroprocessor employs 16
interrupt levels with the highest priority level being 0, and the
lowest 15. Level 0 is reserved for the RESET function; all other
levels may be used for external devices. The external levels may also
be shared by several device interrupts, depending on system
requirements. Since the reset sequence at power-up sets the interrupt
mask to zero, the appropriate interrupt mask must be set before any
interrupts will be acknowledged.

Note that if the current level is less than 3, setting of the system
time by using the TIME statement will result in the interrupt mask
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being set to level 3. Likewise, if the real time clock is being used
(located at interrupt level 3), and if the mask is subsequently set to
less than 3, the clock interrupts will no longer be acknowledged and
real time will be destroyed.

All interrupts before they reach the TMS9900 CPU are first masked by
the TMS9901 Programmable Systems Interface. To prevent unwanted
interrupts from being acknowledged, the user must appropriately set
the interrupt mask of the TMS9901 to select all interrupt levels which
are to be processed. This is performed via the CRU interface using
the BASE, CRB, and CRF POWER BASIC statements.

Examples:
10 IMASK 15 ! SET MASK TO 15
20 IMASK OEH ! SET MASK TO 14

30 A=0AH ! SET A TO 10
40  IMASKA ! SET MASK TO VALUE OF A

Evaluation BASIC: The IMASK statement is not supported by Evaluation
BASIC.

TRAP statement

‘The TRAP statement is used to define the entry point of the interrupt

subroutine for a given interrupt level. POWER BASIC interrupt service
routines may be used to service interrupts 4 through 15.

Note that if the interrupt vectors have been modified to allow the use
of an assembly language interrupt processor (see Section 5.9.4), the
range of interrupt levels which a POWER BASIC routine is permitted to
service may be reduced from the range referred to previously. The
range will be modified so that BASIC interrupt routines may only be
used to service interrupts of lower priority that the lowest priority
assembly language routine.

Specifying an out of range trap level will produce a run-time error.
This process ensures that all assembly language interrupts have a
higher priority than those handled by POWER BASIC.

The "level"™, which must be in range, may be any valid POWER BASIC
expression whose integer portion is used and whose value is masked to
the least significant 4 bits.

The line number specifies the entry point for the interrupt servicing
routine.

The TMS9900 microprocessor continuously compares the incoming
interrupt code with the microprocessor's interrupt mask. The mask is
set to allow interrupt of level O through 3, interrupts serviced by

assembly language accessed directly through the interrupt vectors and

5-47



5'9'3

5.9.4

those interrupts of higher priority than those serviced by assembly
language routines, to be recognized immediately. These interrupts are
serviced upon recognition.

Interrupts of other levels (i.e., those serviced by a BASIC routine)
are recognized and serviced at the end of the currently executing
BASIC statement line. At the end of each BASIC statement line, BASIC
adjusts the microprocessor's interrupt mask to allow these interrupts
to be recognized and serviced by the microprocessor in order of
priority. '

Note that interrupt levels 0 (RESET) and 3 (clock) are reserved and
should not be serviced by the TRAP statement.

Examples:

10 TRAP 5 TO 500 ! ASSIGN LEVEL 5 TO LINE 500
20 TRAP OEH TO 100 ! ASSIGN LEVEL 14 TO LINE 100

30 A=200 ! SET LINE
40 B=OCH SET LEVEL
50 TRAP B TO A ! ASSIGN LEVEL 12 TO LINE 200

Evaluation BASIC: The TRAP statement is not supported by Evaluation
BASIC.

IRTN statement

The IRTN statement is used to return from an interrupt servicing
processor. IRTN is the last statement and terminates the interrupt
servicing processor. It will restore the program environment existing
when the interrupt was taken, and will return control to the previous
routine at the point at which the interrupt occurred.

Examples:
190 IRTN ! RETURN FROM INTERRUPT LEVEL PROCESSING

Evaluation BASIC: The IRTN statement is not supported by Evaluation
BASIC.

Assembly language processors

There are times when it may be necessary or advisable for the
interrupt processor to be written in assembly language. This may be
accomplished in two ways in POWER BASIC. The first is to use the TRAP
statement and the CALL statement to access the assembly language
routine. The second is to modify the interrupt transfer vectors for
the desired interrupt level so that an interrupt will transfer to the
assembly language routine directly.

Low-order memory, addressed as 0 through 3F, is reserved for the
transfer vectors used by the interrupts. When an interrupt request at
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an enabled level occurs, the contents of the transfer vector
corresponding to the level are used to enter a subroutine to serve the
interrupt,

The reserved memory locations are shown in Interrupt Level Data table
(Table 5-3). Two memory words are reserved for each interrupt level.
The first of the two words for a given level contains an address that
is placed in the WP when the interrupt is requested and enabled. The
second contains the entry point of the interrupt subroutine for that
level; its contents are placed in the PC.

ok

TABLE 5-3. INTERRUPT LEVEL DATA

Interrupt Mask
Vector Location Values to Enable
Interrupt (Memory Address Device Respective Interrupts
Level In Hex) Assignment (ST12 thru ST15)
(Highest
priority) 0 00 Reset 0 through F¥
1 oy External device 1 through F
2 08 External device 2 through F
3 oc Clock 3 through F
4 10 External device 4 through F
5 14 External device 5 through F
6 18 External device 6 through F
7 1C External device T through F
8 20 External device 8 through F
9 24 External device 9 through F
10 28 External device A through F
11 2C External device B through F
12 30 External device C through F
13 34 External device D through F
14 38 External device E and F
(Lowest
priority) 15 3C External device F only

#Level 0 can not be disabled.
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To install an assembly language interrupt processor, the user must
create a data set containing the contents of the low memory EPROM set
(U42 and U4Y4), The transfer vector for the desired interrupt level
must be modified to reflect the new workspace pointer and the new
entry point for the interrupt routine. A new EPROM set must then be
programmed from this data set. This new EPROM set will replace the
original set and should be mounted in the EPROM sockets on the
processor board (U42 and UUL), The EPROM set containing the user's
interrupt handler must then be mounted at the desired address.

All assembly language interrupt processors must supply their own
workspaces, therefore RAM must be allocated for this purpose. During
power up reset, POWER BASIC will automatically size all available
contiguous RAM from hex FFFE1g on down for its own use. Consequently,
the user must either supply a non-contiguous RAM area for the.
workspaces or must use the memory option of the NEW command to
deallocate the required RAM after auto sizing.

If the workspace area is allocated by the NEW command, it must be done
each time that POWER BASIC is restarted and prior to the entry of a
BASIC application program.

Note that interrupts serviced by assembly language processors are
handled transparent to POWER BASIC; that is, a) the transfer to the
interrupt service routine is external to the POWER BASIC processor
(POWER BASIC has no knowledge an external interrupt has occurred), and
b) the transfer is made immediately upon receiving the interrupt
(current BASIC statement execution is not completed before
transferring). For these reasons all assembly language interrupts
must have a higher priority than those handled by POWER BASIC; it is
acceptable for an assembly language processor to interrupt a POWER
BASIC interrupt processor but the reverse should never be allowed to
oceur,

Since assembly language interrupts are processed immediately and the
POWER BASIC environment prior to the interrupt is not saved, it is not
advisable to use the Floating Point XOPS of POWER BASIC in the
assembly language processor.

BASE STATEMENT

The BASE statement sets the CRU base address for subsequent CRU
operations. )

Form:

{line number® BASE <{expression)
BASE ({expression)

The BASE statement evaluates the expression and sets the CRU base
address to the result for use by the CRB and CRF funetions. The CRB
function addresses bits within +127-128 of the evaluated base

5-50



5.1

address. The CRF function transfers bits using the evaluated base
address as the starting CRU address.

The CRU provides a maximum of 4096 input and output lines that may be
individually selected by a 12-bit address. The 12-bit address used by
the CRU instructions is actually located in bits 3 through 14 of a
workspace register. The evaluated expression of the BASE statement is
loaded into the entire 16-bits of this workspace register. Therefore,
the BASE expression should evaluate to twice the actual (physical) CRU
base address desired since only bits 3 through 14 are used. The least
significant bit of the BASE expression value is ignored for CRU
operations. Therefore, all expressions should evaluate to an even
?;ggc)ar. The range of valid expressions is from 0 to 8190 (hexadecimal

Examples:

10 BASE 64
20 CRF(0)=-1
30 BASE 100
40 CRB(-1)=0

Statement 10 sets the CRU BASE address to 64 (physical address of 32),
and statement 20 outputs a 16-bit -1 value. Statement 30 sets the CRU

BASE address to 100 (physieal address of 50, and statement 40 sets the
CRU bit displaced -1 from the base (physical address of U49) to zero.

TIME STATEMENT

The TIME statement is used to set, display, or store the 24 hour time-
of-day clock.

Forms:
(line number) TIME {exp) ,{exp),{exp)
TIME {exp),{exp),{exp)
{line number) TIME {string variableg‘
TIME {string variable)
{1ine number} TIME
TIME

The TIME statement is used with the expression list to set and start
the time of day clock. The form of the expression is as follows:

TIME HH,MM,SS
where
H = hours, M = minutes, S = seconds

The clock is set up as a 24-hour clock with times ranging from
00:00:00 to 23:59:59. Initialization of the clock is valid at any
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point in the program. Its value may also be reinitialized at any
point.

Examples:

TIME 10,27,30 (in keyboard mode)
TIME 3,5,0 (in keyboard mode)
10 TIME 21,8,15

The second form of the TIME statement enables storing the current time
of day in a string variable. This is useful for recording occurrence
time of significant events in a user's application program.

Example:

10 DIM T(3)
20 TIME 11,4,0

100 TIME $T(0)
120 PRINT $T(0)
130 STOP

RUN
11:04:37
STOP AT 130

The time of day may be directly displayed at any point within the
program. It may also be displayed from the keyboard when in idle mode

by using the third form of the TIME statement. The time of day will
be displayed in the following format:

HH:MM:SS

Note that when the user executes a SAVE or LOAD on audio cassette in
Development BASIC (SAVE 1 or 2, or LOAD 1 or 2), all interrupts are
masked at the CPU because the audio cassette software cannot be
interrupted since each byte has specified minimum and maximum bit
times for reliable data storage and retrieval.

This implies that the real-time clock will not be updated for the
entire LOAD or SAVE process. This time period can accumulate to a
significant amount, therefore the real-time clock is stopped and

cleared when using audio cassettes to emphasize the resulting clock
innaccuracy.
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Examples:

TIME 9:31:23 (in keyboard mode)
10 TIME 11,4,0

.

100 TIME
110 STOP

RUN
11:04:37

STOP AT 110

RANDOM STATEMENT

The RANDOM statement randomizes the seed for the pseudo-random number
generator.

Forms:

{line number)> RANDOM {expressio
RANDOM {expression;

The RANDOM statement is used in conjunction with the RND function.
The RND function returns the next number in the random number
sequence. It returns this value when requested and replaces it with
the next random number. The RANDOM statement is used to change the
random number seed and therefore the sequence of pseudo-random
numbers.

The random seed is set to a constant value when POWER BASIC is first
initialized so that the RND variable will always return the same
sequence of numbers to facilitate program debugging. After the
debugging phase, the RANDOM statement may be used to alter this
sequence.

The RANDOM statement is used to set the seed to a specific or
arbitrary value. The expression is evaluated and the result used as
the seed of the random number generator. The expression may be any
valid POWER BASIC expression. The evaluated expression must be within
the limits of -32768 and 32767 or a fix error will result. The
sequence of numbers generated by a specific seed value will always be
the same. This is useful for debugging and testing an application
program with a predetermined seed value. Arbitrary seed values may be
generated by the user by using combinations of variables and functions
(including the RND function) within the expression.



Examples:

10 RANDOM 220
20 RANDOM RND
30 RANDOM RND # MEM(X)

Evaluation BASIC: The RANDOM statement is not supported by Evaluation
BASIC.

ESCAPE AND NOESCAPE STATEMENTS

The ESCAPE and NOESC statements provide capability to enable or
disable the escape key to interrupt program execution.

Forms:

{line number) ESCAPE
{line number) NOESC

The ESCAPE statement enables the terminal device escape (or break) key
to interrupt program execution. When the escape key is struck program
execution terminates upon completion of the current statement line.
Keyboard sampling during the RUN mode is performed only between
statement lines. Caution should be observed when certain statement
constructions are used. For example, the FOR and NEXT statements
should not appear in the same statement line, because a statement line
is autonomous. Once the FOR/NEXT line begins execution, it cannot be
interrupted by using the escape key. It can be interrupted only if
the end condition of the FOR/NEXT loop is met, or if the user
reinitializes the system via the reset switch on the CPU board.

The NOESC statement disables the terminal device escape (or break) key
from interrupting program execution.

The ESCAPE statement is used during program development and debug.
The NOESC statement is used for time eritical application programs or
in a production environment where it is disadvantageous for the user
to interact with POWER BASIC in a non-program controlled mode.

Examples:

10 ESCAPE
10 NOESC

Evaluation BASIC: The ESCAPE and NOESC statements are not supported

by Evaluation BASIC. The terminal device escape key is always enabled
in Evaluation BASIC.
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CALL STATEMENT

The CALL statement allows the user access to assembly language
subroutines. The user may pass up to 4 parameters to the subroutine
although only 1 is requred.

Forms:

élin;auﬁmmbe.@ CALL {string-constant) ,{address) [_',(_var>1 y(varp2,{var)3,
var, ’

CALL (string-constant),(address)[,¢vard1 ,{var}2,{var)3,
(varph]

where:

string constant is the entry point name of the assembly language
subroutine

address is the hexadecimal address at the assembly language
subroutine

var 1, var 2, var 3, and var 4, are the parameters of the
subroutine

String constant is the entry point name of the assembly language
subroutine being called. The hexadecimal address is the location in
memory at which the assembly language routine resides. A string
constant must be entered to execute a CALL statement, although only
the "address" is usedby Development BASIC. A string constant
maintains transportability of the CALL statement to Configurable
BASIC.

If the parameter is passed as a value (that is, without parentheses),
it will be converted into a 16-bit two's complement integer. If
passed by address (that is,enclosing it in parentheses), no conversion
takes place, and the value must be interpreted as a two word integer
or three word floating point value beginning at the address passed in

the register. Reference Section 3.7.6 for detailed information on
internal variable formats.

Assembly language routines may only use Registers 4,5,6 and 7 of the
POWER BASIC workspace. Therefore all assembly language routines must
supply their own workspaces (typically by executing a BLWP as the
first statement of the assembly language routine), and require a RAM
area to be allocated for this purpose. During Power-up RESET, POWER
BASIC will automatically size available contiguous RAM for its own use
from the top of memory (FFFE) down until a write/read sequence results
in a mismateh. The user must either supply non-contiguous RAM for
the workspace, or use the memory option of the NEW command to
deallocate the required RAM after auto-sizing. Note that if the
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workspace area is allocated by the NEW command, the NEW command must
be executed each time that POWER BASIC is powered up or re-initialized
(via the RESET switch) and prior to the entry of a BASIC application
program

For example:

CALL "SAMPLE", OEOOOH, A, (B)
will result in a branch and link to the subroutine "SAMPLE" location
BOOO (hex) with the value of A (converted to 16 bit two's complement
integer) passed in RY4 and the address of the variable B is passed in
R5.

Evaluation BASIC: The CALL statement is not supported by Evaluation
BASIC.
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SECTION VI

CHARACTER STRINGS

GENERAL

ASCII character strings are stored in the same variables as are other
POWER BASIC variables. Variables are designated as containing
character strings by program content or semanties. Any variable or
array may contain ASCII characters and, in fact, may be filled with
ASCII characters and numbers at the same time. String variables are
designated by preceding the variable name with a dollar sign.
Otherwise, the variable is treated as a number. ASCII characters are
stored in contiguous memory locations with a null character
terminating the string. You must ensure (with a DIM statement) that
enough memory for a string variable has been set aside to store all
the characters or other contiguous variables may be destroyed. The
following formula indicates the number of ASCII characters you may
store in any variable or array:

Development BASIC

Number of characters = 6 x (number of variable elements) - 1

Evaluation BASIC

Number of characters = 4 x (number of variable elements) - 1
Examples:

I1 6x1-1=5 (Development BASIC)
I1 b x1-1=3 (Evaluation BASIC)
A(10) 6 x 11 -1 =65 (Development BASIC)
A(10) 4 x 11 -1=143 (Evaluation BASIC)
N(10,5) 6 x (11 x 6) - 1-= 395 (Development BASIC)
N(10,5) 4 x (11 x 6) - 1 = 263 (Evaluation BASIC)

CHARACTER ASSIGNMENT

When a string assignment is made the actual characters are moved to
the new variable.

Form:
$ VAR = {$VAR)
$ VAR = "(character string)"

Characters are transferred one by one until a null byte is found.

Examples:
10 $I1="YES"
20 $J0=$J1

30 $N(4,0) = "CHARACTER STRING"
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A character string is referred to as {$VAR) and implies either a
literal string or a dollar sign preceding a variable. ${VAR)

implies a character only of the form dollar sign preceding a variable.
ASCII comparisons of the following form are valid:

IF {$VAR) CRELATION) <$VAR) THEN <BASIC STATEMENT)
Examples:

100 IF $I1="Y" THEN GOTO 500
110 IF $N(I,0) =$N(J,0) THEN GOSUB 600

An ASCII variable may appear in a READ statement if the corresponding
DATA statement entry is also an ASCII variable or an ASCII string.
When data types do not match you receive an error at the line number
of the READ statement.

Example:

10 READ $N(0),A,B,$Z(0)
20 STOP
30 DATA "STRING DATA", 12345,A%10,$N(0)

In this example, $N(0) receives the character string "STRING DATA",
the variable A receives the number 12345, and B the number 123450,
Finally, the ASCII variable $Z(0) receives the same string as $N(0).

A dimensioned string variable can have a byte index into the character
string by following the subscripts with a semicolon and the byte
displacement. The range of the index is from 1 through the last byte
of the ASCII string. $A(0;1) is equivalent to $A(0).

Example:

10 DIM A(10)

20 $A(0)="ABCDEFGHI JKLMNOPQRSTUVWXYZ"
30 PRINT $A(0)

40 PRINT $A(0;1)

50 PRINT $A(0;10)

60 STOP

RUN
ABCDEFGHIJKLMNOPQRSTUVWXYZ
ABCDEFGHIJKLMNOPQRSTUVWXYZ
JKLMNOPQRSTUVWXYZ

STOP AT 60



Example:

10 DIM A(10),B(10)

20 $A(0)="ABCDEFGHIJKLMNOPQRSTUVWXYZ"
30 $B(0)=$A(0;10)

40 $A(0;2)=$B(0;2)

50 PRINT $A(0), $B(0)

60 STOP

RUN
AKLMNOPQRSTUVWXYZ JKLMNOPQRSTUVWXYZ

STOP AT 60

CHARACTER CONCATENATION
Strings are concatenated by using the "+" operator.
Form:

$<VAR) = ($VAR) ($VAR) +...

Concatenation operations may be chained together and the final string
will automatically be terminated with a null by POWER BASIC.

Example:

10 DIM A(10), B(10)

20 $A(0)="ABCDE"

30 $A(0)=$A(0)+"FG"+"HIJK"
40 PRINT $A(0)

50 STOP

RUN
ABCDEFGHIJK

STOP AT 50
The following example results in a phenomenon called "CHOO-CHOO". It
is caused because a null cannot be found.

10 $A(0)="ABCD"+$A(0)
POWER BASIC will detect this situation and terminate the string

assignment by inserting a null when a previously stored value is
again being selected for storage.
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CHARACTER PICK

Characters can be picked from one variable into another by using the
assignment operator.

Form:
$CVAR) = ($VAR) , (EXP)

The expression is evaluated and the resulting number specifies the
number of bytes to be assigned. The string is then terminated with a
null. Note that if the expression evaluates to a non—positive value,
no character pick will occur.

Example:

10 DIM A(10),B(10)

20 $A(0)="ABCDEFGHIJKLMNOPQRSTUVWXYZ"
30 $B(0)=$A(0;4),6

40 $B(0;5)=$A(0),1

50 PRINT $B(0)

60 STOP

RUN
DEFGAI

STOP AT 60
CHARACTER REPLACEMENT

Character replacement is very similiar to character pick with the
exception that a null is not placed at the end of the string.

Form:
$<VARD= $VAR)> ; EXP>
Example:

10 DIM A(10),B(10)

20 $A(0)="ABCDEFGHIJKLMNOPQRSTUVWXYZ"
30 $B(0)=$A(0;4),6

40 $B(0;5)=$A(0);1

50 PRINT $B(0)

60 STOP

RUN
DEFGAI

STOP AT 60
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CHARACTER INSERTION

Characters can be inserted into a string variable by using the
slash (/) operator.

Form:

$ VAR) =/ ($VAR)
The string is inserted without a null.
Example:

10 DIM A(10),B(10)

20 $A(0)="ABCDEFG"

30 $A(O;U4)=/"..."

40 PRINT $A(0)

50 STOP

RUN
ABC...DEFG

STOP AT 50

Evaluation BASIC: Note that character insertion is not supported by
Evaluation BASIC.

CHARACTER DELETION

Characters are deleted from a string variable by using the same divide
operator followed by an expression.

Form:

$ VAR = / EXP

The evaluated expression indicates the number of characters to be
deleted.

Example:

10 DIM A(10),B(10)

20 $A(0)="ABCDEFGHIJKLMNOPQRSTUVWXYZ"
30 $A(0;5)= /10

40 PRINT $A(0)

50 STOP
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RUN
ABCDOPQRSTUVWXYZ

STOP AT 50

Evaluation BASIC: Character deletion is not supported by Evaluation
BASIC.

BYTE REPLACEMENT

Individual bytes may be altered by using the numeric equivalent of an
ASCII character along with the "%" operator.

Form:

$<VAR) = (CEXP) ...

The evaluated expression specifies the byte code to replace in the
string variable. Byte replacements may be chained together.

Example:

10 DIM A(10),B(10)
20 $A(0)=$65%66%0
30 PRINT $A(0)

40 STOP

RUN
AB

STOP AT 40 ’

CONVERT ASCII CHARACTER TO NUMBER

A character string may be converted to a number by using the
assignment operator along with an error variable.

Form:

{VAR) = ($VAR) , CVAR

The delimiting character is placed in the first byte of the error
variable. Hence, the conversion routine was successful in converting
the whole string if a null was the resulting delimiter.

Example:

10 N="1234n E
20 N1="12DE",E1
30 PRINT N,$E
40 PRINT N1,$E1
50 STOP



RUN

1234

12 D
STOP AT 50

Evaluation BASIC: ASCII to number conversion is not supported by
Evaluation BASIC.

CONVERT NUMBER TO ASCII CHARACTER

A number can be converted to a string simply by assigning the number
to a string variable.

Form:

$ C(vard> = (exp)
The string will properly be terminated with a null.
Example:

10 DIM A(10),B(10)

20 $A(0)=4%ATN(1)

30 $B(0)= SQR(2)

40 PRINT $A(0), $B(0)

50 STOP

RUN
3.141592 1.414213

STOP AT 50

Formatted conversions can also be made by preceding the expression
with the formatting operator "#" and a string. The form is:

$CVAR> = # {$VAR> , (EXP)

The same formatting rules are followed as given under print
formatting. (See paragraph 5.8.2.1).

Example:

10 DIM A(10),B(10)
20 $A(0)=#"999,990.99",1234

30 $B(0)=#" , .00 ",-1234
40 PRINT $A(0),$B(0) :
50 STOP
RUN
1,234,00 1,234,00
STOP AT 50



Evaluation BASIC: Numeric to character conversion is not supported by
Evaluation BASIC.

STRING LENGTH FUNCTION
The length of a string variable is returned by using the LEN function.
Form:
LEN (<$VAR))
A zero is returned if the string is the null string.
Example:

10 DIM A(10),B(10)

20 $A(0)="n

30 $B(0)="ABCDEFGUIJKLMNOPQRSTUMVWYZ"
40 PRINT LEN($A(0)),LEN($B(0))

50 STOP

RUN
0 26

STOP AT 50

Evaluation BASIC: The string variable length is not supported by
Evaluation BASIC.

CHARACTER SEARCH FUNCTION
To search for a given string, use the SRH function.

Form:
SRH (C$VARY, <$VARD)

The function returns the character position indicating where the
first string is located in the second string. If the search is
unsucecessful, a zero is returned.

Example:

10 DIM A(10),B(10)

20 $A(0)="ABCDEFGHIJKLMNOPQRSTUVWXYZ"
30 $B(0)="ZYXWVUTSRQPONMLKJIHGFEDCBA"
40 S1=SRH("EFG",$A(0))

50 S2=SRH("EFG",$B(0))

60 PRINT S1,S2

70 STOP
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RUN
5 0

STOP AT T0
Evaluation BASIC: The search function is not rupported by Evaluation
BASIC.
CHARACTER MATCH FUNCTION
When looking for character agreement, the MCH function can be used to
return the number of characters which are the same for two strings.
Form: 4

MCH ( {$VARD> , <{$VAR) )
A zero is returned if a match is not found.
Example:

10 DIM A(10),B(10)

20 $A(0)="ABCDEFGHIJKLMNOPQRSTUVWXYZ"

30 PRINT MCH("ABCDXYZ",$A(0)),MCH("BC",$A(0;2))
40 SsTOP

RUN
h 2
STOP AT 40

Evaluation BASIC: The character match function is not supported by
Evaluation BASIC.

ASCII CHARACTER CONVERSION FUNCTION

The ASC function returns the ASCII decimal numeric value of the first
character of the specified string variable.

Form:
ASC ($<VAR>)

The ASC function is the inverse of the byte replacement operator (%),
i.e., $A = FASC(34).

The following example takes the upper case string in the varia?l
$A(0) and converts it to the lower case string in the variable $B 0?
using the ASC function to obtain the decimal ASCII code for the
character conversions.



Example:

10 DIM A(10),B(10)

20 INPUT "INPUT STRING", $A(0)
30 FOR I=1 TO LEN ($A(0))

40 $C=$A(0;I),1

50 D=ASc($C)

60 IF D=020H THEN $B(0;I)=%D%0
70 ELSE $B(0;I)=%(D+020H)%0
80 NEXT I

90 PRINT $A(0)

100 PRINT $B(0)

110 GOTO 20

RUN
INPUT STRING: UPPER CASE TO LOWER CASE
UPPER CASE TO LOWER CASE

upper case to lower case
INPUT STRING

Evaluation BASIC: The ASCII character conversion function is not
supported by Evaluation BASIC.
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SECTION VII
POWER BASIC FUNCTIONS

GENERAL

POWER BASIC includes several predefined mathematical, string, and
miscellaneous functions. A function is called by using the
following form in any statement where a variable may be used:

function name ( argument )
where

function name is a three-letter name
argument may be an expression or variable.

The specified function of the argument replaces the function name in
the statement in which it is used. Functions may be used instead of,
or in combination with, variables in almost all POWER BASIC
statements such as: assignment, PRINT, IF, FOR, ON, DEF, etc.

MATHEMATICAL FUNCTIONS

Paragraphs (7.2.1 through 7.2.10) describe the mathematical functions
and their associated forms provided by POWER BASIC.

Absolute value function (ABS)

The absolute value function (ABS) obtains the absolute value of a
positive or negative number. The argument entered following the
function name is the variable name or numeric value for which the
absolute value is required. The function returns a non-negative
argument unaltered and returns the absolute value of a negative
argument.

Example:
10 INPUT X
20 PRINT SQR(ABS(X))
30 STOP

Evaluation BASIC: The ABS function is not supported by Evaluation
BASIC.

Arctangent function (ATN)

The argument entered following the function name is the ratio
representing a tangent function. The function returns the corre-
sponding angle in radians. Multiply the number of radians by
180/3.14159265 (Pi) to obtain the angle in degrees.
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Example:

10 INPUT X

20 D = ATN(X)*(180/3.14159265)
30 PRINT D

4o sToP

Executing the above example produces:

? 5.9246
80.41951

Note: This function is contained in the Enhancement package of
Development POWER BASIC. Attempting to invoke this funection in
Development BASIC without the Enhancement package mounted will result
in a run time error.

Sine and cosine functions (SIN)(COS)

The argument entered following the function name represents an angle
in radians. When the angle is measured in degrees, multiply the
number of degrees by 3.14159265 (Pi) /180 to obtain the angle in
radians. The function determines the quadrant corresponding to the
argument and returns the function value.

Example:

10 INPUT N
20 PRINT SIN(N);COS(N);
30 STOP

Executing the above example produces:

? 1.25
0.9489849  0.3153215

Exponential function (EXP)

The argument entered following the function name is an exponent of e
(the base of natural logarithms). The function returns the value of e
raised to the power specified in the argument.

Example:
10 INPUT E

20 PRINT EXP(E)
30 STOP
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Executing the previous example produces:

?25
7 .20049E+10

Evaluation BASIC: The EXP function is not supported by Evaluation
BASIC.

Integer part function (INP)

The integer part function (INP) returns the signed integer portion of
the argument. The INP function is useful in modular arithmetiec and
for correcting errors resulting from truncation or rouding of
functions. The argument entered following the function name is the
value for which the integer portion is required.

Example:

10 INPUT Y

20 IF INP(Y/2) Y/2 THEN GOTO 50
30 PRINT "Y IS AN EVEN NUMBER"
40 sTOP

50 PRINT "Y IS AN ODD NUMBER"

60 STOP

Executing the previous example produces:

? 75
Y IS AN ODD NUMBER

Logarithm function (LOG)

The argument entered following the function name is the value for
which the natural logarithm (base e) is required. The function
returns the natural logarithm of the argument. Attempts to find the
logarithm of a non-positive argument will result in an error.

Example:
10 INPUT L

20 PRINT LOG(L)
30 STOP

Executing the above example produces:

$ 5280
8.57168

gxg%gation BASIC: The LOG function is not supported by Evaluation
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Square root function (SQR)

The square root (SQR) function returns the square root value of the
specified argument. The argument entered following the function
returns the square root of the argument. An error message (®*ERROR 25
AT XXXX) is produced if the argument is negative.

Example:

10 INPUT K
20 PRINT SQR(K)
30 STOP
Executing the above example produces:

?2
1.414214

STRING FUNCTIONS

The string functions described in Paragraphs 7.3.1 through 7.3.4 may
be employed in POWER BASIC programming.

ASCII character conversion function

The ASCII character conversion (ASC) function returns the decimal
ASCII numeric value of the first character of the specified string
function. For additional details, refer to Section 6, paragraph 6.14.

Example:

10 $A="pn
20 B=ASC [$4]
30 $C=%B=02%§

40 Dp=ASC (3

50 PRINT $A,B,$C,D

60 STOP

RUN }

B 66 b 98
STOP AT 60

Evaluation BASIC: The ASC function is not supported by Evaluation
BASIC.



7.3.2 Length function (LEN)

The length (LEN) funetion returns the number of non-null characters
starting at the evaluated address. The argument of the LEN function
must be specified as a string by either the $ or "string constant"
operators. For additional details, refer to Section 6, paragraph

.11,
Example:

10 $1="ABC"

20 J=LEN($I)

30 K=LEN("ABCDEFGHIJKLMNOP")
40 PRINT J,K

50 STOP

Executing the above example produces:
3 16

Evaluation BASIC: The LEN function is not supported by Evaluation
BASIC.

7.3.3 Character match funetion (MCH)

- The character match function (MCH) returns the number of characters to
which the two strings agree. A value of zero indicates no match. For
additional details, refer to Section 6, paragraph 6.13.

Example:
10 $C="ABCD"
20 M=MCH("AB",$C)

30 PRINT M
4o STOP

Executing the above example produces:
2 (RESULT)

Evaluation BASIC: The MCH funection is not supported by Evaluation
BASIC.
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CHARACTER SEARCH FUNCTION (SRH)

The search (SRH) function returns the character position of string 1
in string 2. A character position of zero indicates an unsuccessful

~search. For additional details, refer to Section 7, Paragraph 6.12.

Example:
10 $C = "ABCD"
20 S= SRH ("BC",$C)
30 PRINT S
40 STOP
Executing the above example provides:
2 (RESULTS)

Evaluation BASIC: The SRH function is not sﬁpported by Evaluation
BASIC.
MISCELLANEOUS FUNCTIONS

The miscellaneous functions deseribed in paragraphs 7.4.1 through
7.4.4 are supported by POWER BASIC.

CRU SINGLE BIT FUNCTION (CRB)
A CRU bit, addressed relative to a base displacement, is either read
or stored according to program context. The displacement ranges from
-128 to +127. (Refer to Section 5, paragraph 5.10 for details on the
BASE statement.) The function returns a 1 if the CRU bit is set, and
a 0 if not set. Likewise, the selected CRU bit is set to 1 if the
assigned value is non-zero and to 0 if the assigned value is zero. For
example:

CRB(10)=0
will clear the tenth bit relative to the base, while

CRB(11)=1 or CRB(11)=345
will set the eleventh bit on. Also,

IF CRB(5) THEN J=U
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will set J=U4 if the fifth bit is 1.
CRU FIELD FUNCTION (CRF)

The specified number of bits are transferred to or read from the CRU
starting at the address set by the BASE statement. (Refer to Section
5, paragraph 5.10 for details on the BASE statement.) The specified
number of bits ranges from 0 to 15. If zero, all 16 bits will be
transferred. For example:

CRF(0) = -1

transfers 16 bits (hex 'FFFF') to the CRU address specified by the
BASE statement. While,

VAL=CRF(8)

reads 8 bits from the CRU base address and stores the result in VAL.

KEY FUNCTION (NKY)

The key function (NKY) conditionally samples the keyboard in run time
mode. When the argument is zero the decimal value of the last key
struck is returned and the key register is reset. A value of zero is
returned if none of the keys were struck. If the argument is
non-zero, the argument is compared with the last key struck. If they
are the same, a value of 1 is returned and the key register is reset.
Otherwise, a value of 0 is returned. For example,

I = NKY(0)

returns the last key struck, or a 0 if none of the keys were struck;
while

IF NKY(O41H) THEN PRINT "A"
Prints "A" if the last key entered was "A". The argument value is
expressed in decimal.
SYSTEM INTERROGATION (SYS) FUNTION

The system interrogation function (SYS) obtains system parameters
generated during program execution. For example,

A = SYs(0)

returns the control character entered during either numeric or string
variable assignment when using the question mark (?) operator of the
INSUT 2st)a't:ement:. (Refer to the INPUT statement, Section 5, paragraph
5.8.1.2.

A = SYS(1)
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returns the ERROR code number when an error is encountered and is used
with the ERROR statement of Section 5, paragraph 5.6.6.

A = SYS(2)

returns the statement number in which the error occurred and is used
with the ERROR statement of Section 5, paragraph 5.6.6.

Evaluation BASIC: The SYS function is not supported by Evaluation
BASIC.
DELTA TIME (TIC) FUNCTION

The delta time (TIC) function samples a real time clock and returns
the current TIC value minus the expression value. For example:

= TIC(0)
obtains current time, and

D = TIC(T)

' calculates elapsed time since the time stored in the variable T (i.e.,
" TIC (T) = TIC (0) - T.

The TIC function utilizes the real time clock of the TMS9901,
programmed to generate an interrupt (or TIC) every 40 milliseconds
(1/25th of a second) when the system clock rate is at 3MHz.

The following example will output the ASII code "OT" corresponding to
the bell on the terminal once each second.

LIST
10 TIME O ! THIS WILL START THE CLOCK
20 $B=%7%0! THIS IS THE CODE FOR CONTROL 'G' (BELL)
30 A=TIC(0)
40 IF TIC(A) ¢ > 25 THEN GOTO 40
50 PRINT $B
60 GOTO 30

7-8
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MEMORY MODIFICATION (MEM) FUNCTION

The memory modification (MEM) function reads or modifies a memory
location (byte) as specified by the argument. For example:

M = MEM(OFFOOH)

‘reads the byte from location hex "FFO", while

MEM(OFFOOH) = 15
stores a decimal 15 (hex "F") at location hex "FFOO",
Hexadecimal constants are not supported by Evaluaiton BASIC;

therefore, all arguments must be in decimal form. When addressing
memory in decimal notation the memory will be addressed as follows:

Decimal Hexadecimal
address address
0 0000
1 0001
32767 TFFF
32768 8000
65534 FFFE
65535 FFFF
Example:

M = MEM (65280)
reads the byte from location hex FFOO, while
MEM (65520) = 25

stores a decimal 25 at location hex FFFO,

7-9
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BIT MODIFICATION (BIT) FUNCTION
The bit modification (BIT) function reads or modifies any bit within
a variable. The function returns a 1 if the bit is set and a 0 if not
set. Likewise, the selected bit is set to 1 if the assigned value is
non-zero, and to zero if the assigned value is zero. For example:

IF BIT(A,1) THEN PRINT "ON"
prints "ON" if bit 1 of variable A is on; while

BIT (A,2)=1 or BIT (A,2)=750
turns "on" the second bit of variable A.
Refer to Section 3, paragraph 3.7.7 for an application of the BIT
function.

RANDOM NUMBER (RND) FUNCTION

The random number function (RND) is used to generate a psuedo random
number between 0 and 1. For example:

PRINT RND

would return a random number like

.2113190
Refer to the RANDOM statement paragraph 5.12 for additional
information.
MEMORY WORD MODIFICATION FUNCTION (MWD) FUNCTION

The memory word modification function reads or modifies a memory word
as specified by the argument. For example:

M=MWD (OFFO0H )
reads the word from location hex "FFOO", while
MWD (OFFOOH)= 256

stores a decimal 256 (hex "100") in the memory word at location hex
"FFOO".

Evaluation BASIC: The MWD function is not supported by Evaluation
BASIC. Development BASIC: The MWD function is only supported by
release D.1.8 and later revisions.



APPENDIX A
ERROR CODES

The following error codes may be issued by the POWER BASIC Executive:

CODE ERROR MESSAGE

1 = SYNTAX ERROR

2 = UNMATCHED PARENTHESIS

3 = INVALID LINE NUMBER

4 = ILLEGAL VARIABLE NAME

5 = TOO MANY VARIABLES

6 = ILLEGAL CHARACTER

7 = EXPECTING OPERATOR

8 = ILLEGAL FUNCTION NAME

9 = ILLEGAL FUNCTION ARGUMENT

10 = STORAGE OVERFLOW

11 = STACK OVERFLOW

12 = STACK UNDERFLOW

13 = NO SUCH LINE NUMBER

14 = EXPECTING STRING VARIABLE

15 = INVALID SCREEN COMMAND

16 = EXPECTING DIMENSIONED VARIABLE
17 = SUBSCRIPT OUT OF RANGE

18 = TOO FEW SUBSCRIPTS

19 = TOO MANY SUBSCRIPTS

20 = EXPECTING SIMPLE VARIABLE

21 = DIGITS OUT OF RANGE (0K # of digits<12)
22 = EXPECTING VARIABLE

23 = READ OUT OF DATA

24 = READ TYPE DIFFERS FROM DATA TYPE
25 = SQUARE ROOT OF NEGATIVE NUMBER
26 = LOG OF NON-POSITIVE NUMBER

27 = EXPRESSION TOO COMPLEX

28 = DIVISION BY ZERO

29 = FLOATING POINT OVERFLOW

30 = FIX ERROR

31 = FOR WITHOUT NEXT

32 = NEXT WITHOUT FOR

33 = EXP FUNCTION HAS INVALID ARGUMENT
34 = UNNORMALIZED NUMBER

35 = PARAMETER ERROR

36 = MISSING ASSIGNMENT OPERATOR

37 = ILLEGAL DELIMITER

38 = UNDEFINED FUNCTION

39 = UNDIMENSIONED VARIABLE

40 = UNDEFINED VARIABLE

41 = EXPANSION EPROM NOT INSTALLED



42
43
Ly
45
46

INTERRUPT W/0 TRAP
INVALID BAUD RATE
TAPE READ ERROR
EPROM VERIFY ERROR
INVALID DEVICE NUMBER

A-2



APPENDIX B

STATEMENT AND COMMAND SUMMARY

This Appendix contains a summary of all POWER BASIC statements and
commands for the Development and Evaluation BASIC Software Packages.
An explanation preceded by an asterisk (*) indicates the statements
and commands which are not supported by Evaluation BASIC.



EDIT MODE COMMANDS

An advanced editor is contained in POWER BASIC to aid in program
writing, editing, and debugging. The editor uses the following
special control characters. Note that the phrase "(ectrl)" indicates
that the user holds down the control key while depressing the key
corresponding to the character immediately following.

SYNTAX EXAMPLE/EXPLANATION
(CR) (CR)

Enter last line typed into program source.

(ctrl)In (ctrl)Il

#Insert n blanks.

(etrl)Dn (ctrl)D4

#Delete n characters.

(etrl)H (etrl)H

Backspace 1 character.

(etrl)F (etrl)F

Forward space 1 character.

1n(etrl)E 100(etrl)E
Display source line indicated by line number (1n) for
editing.

(etr1l)T (etrl)T

Toggle from one partition to the other partition.
(Only in Evaluation BASIC).

(ese) Cancel input line or break program execution.
(Rubout)
or (DEL) Backspace and delete character.



COMMANDS

POWER BASIC commands direct and control system operations. Commands
cause immediate computer interaction thereby allowing operator
control. Commands may only be entered one per line and may not be
entered into a BASIC program. POWER BASIC commands may be
abbreviated to the first three letters of the command name, and all
letters must be entered in upper case.

SYNTAX

CONtinue

{n) LIST

LOAD

LOAD exp

LOAD {address)

EXAMPLE/EXPLANATION

CONTINUE

#Execution continues from last break.

LIST
List the user's POWER BASIC program.
1n LIST - Will 1list from specified line number

through end of program or until the ESCape key is
entered.

LOAD

Reads a previously recorded POWER BASIC program from
733 ASR digital cassette.

LOAD 2

*Reads a previously recorded POWER BASIC program from
audio cassette drive no. 1 or no. 2.

LOAD 05000H

*Configures POWER BASIC to execute BASIC prograns
stored in EPROM at the specified address.

NEW

Clears current user program, variables, pointers,
and stacks, and prepares for entry of new program.



SYNTAX

NEW <address)

PROgram

RUN

SAVE

SAVE (exp)

SIZE

EXAMPLE/EXPLANATION

NEW OAOOOH

#*Sets the lower RAM memory bound used by POWER BASIC
after auto-sizing at power-up.

PROGRAM

#Program current POWER BASIC application program into
EPROM.

RUN

Begin program execution at the lowest line number.

#SAVE

Records a POWER BASIC program onto 733 ASR digital
cassette. ’

SAVE 1
#*Records a POWER BASIC program on audio cassette drive
no. 1 or no. 2.

SIZE

Display current program size, allocated variable
space, and available memory in bytes.



STATEMENTS

POWER BASIC statements form the basis of all BASIC programs.
Statements are typically entered into a program with line numbers and
are executed when the RUN command is entered. Statements may also be
entered in the keyboard mode without a line number and they will be
executed immediately. POWER BASIC statements may occupy only one
line; however, numerous statements may appear on each line when

delimited by a pair of colons (::). All letters of BASIC statements
must be entered in upper case.

SYNTAX EXAMPLE/EXPLANATION

1n BAUD {exp?) {,exp2)
BAUD 0,5

#Sets the baud rate of the serial I/0 port(s).

1n BASE {(exp)) BASE (256)

Sets CRU base for subsequent CRU operations.
1n CALL (string-constant), (subroutine address) , [,vari][,var2][,var 3]
[}var%] CALL "SUB1", ODEOOH,A,(B)
¥Transfers to assembly language subroutines. If
variable is contained in parenthesis, then address
will be passed; otherwise, the value will be passed.

Parameters are passed in R4, R5, R6, and R7. Return
address is contained in R11.

exp) exp)
l1n DATA |(¢string-constant) , |({string-constant) cres
DATA 1, U¥ANT(1), "HI"

Define internal data block for access by READ state-
ment.

1n DEF FN(x) [(Cargty) [,arg2][,arg3])] = <exp)
DEF FNA (X,Y)=(3%X+Y)/Y

¥Defines user arithemetic function



SYNTAX

EXAMPLE/EXPLANATION

1n DIM <(var((dim ,dim]...)d[,e00 3]

1n ELSE
statement(s)

1n END

1n ERROR 1n

1n ESCAPE

1n NOESC

DIM A(10), DOG(5,10,10)

Allocates user variable space for dimensioned or
array variables.

ELSE GOTO 1000
*When most recently executed IF condition is false,

all subsequent ELSE statements are executed;
otherwise, the ELSE statement line is ignored.

END

Terminates program execution and returns to key-
board code.

ERROR 1000

#Specifies a subroutine that will be called via a
GOSUB statement when an error occurs.

ESCAPE

%*Enables the escape key to interrupt program
execution.

NOESC

#(see NOESC statement)

1n FOR {sim-var) ={exp) TO (exp) STEP {exp>

FOR I=1 TO 20 STEP 2

The FOR statement is used with the NEXT statement to
open and close a program loop. Both identify the
same control variable. The FOR statement specifies

the control variable and assigns the starting,
ending, and optionally stepping values.



SYNTAX

EXAMPLE/EXPLANATION

1n NEXT (gim-va®® NEXT I

1n

1n

1n

1n

1n

1n

GOSUB 1n

POP

RETURN

GOTO 1n

IF condition

ELSE

statement(s)

*(see NEXT statement)

GOSUB 2000

Transfer program execution to an internal BASIC
subroutine beginning at the specified line number.

pPOP

#(see POP statement)

RETURN

#(see RETURN statement)

GOTO 300

Transfer program‘execution to the specified line
number.

THEN statement(s)

IF I=0 THEN I=J::GOTO 200

Causes conditional execution of the statement(s)
following THEN. Statements following THEN execute
on TRUE condition.

ELSE A=SQR(J)::GOTO 250

#(see ELSE statement)

“1n IMASK 1level IMASK 8

*Set interrupt mask of TMS9900 microprocessor to

specified level.



SYNTAX EXAMPLE/EXPLANATION

1n TRAP (level
TO {4n TRAP 9 TO 1000

#(see TRAP statement)

1n IRIN IRTN

#(see IRTN statement)

3(num-var> [’, % g(num-vab ] cee [ ;, }]
1n INPUT )<{string-va ; {string-var

INPUT I, $B

we

Places numeric and string values entered from the
keyboard into variables in the INPUT list.

1n [LElﬂ‘Qa¢>
= (exp) LET A=B¥4

Evaluates and assigns values to variables or array
elements. The LET is optional.

1n NEXT

Gim-var) NEXT I
Delimits end of FOR loop. The sim-var must match
the FOR control variable.

1n NOESC NOESC

*Disable ESCape key to disallow a program break.

gcoro z
1n ON (exp) THEN |GOSUB) ind[,1n] ...

ON I THEN GOTO 100,200,300
ON J THEN GOSUB 500,600,700

#Case statement used to transfer program execution
via a GOTO or GOSUB to the line number specified by
the expression.



SYNTAX EXAMPLE/EXPLANATION

1n POP POP

#Removes from the GOSUB stack the last pushed
return address without an execution transfer.

1n PRINT
(exp) [,exp].... PRINT A,B, $NAM

Print (without formatting) the evaluated expressions
to the terminal device.

1n RANDOM <{exp> RANDOM 4*MEM(OFDOOH)

%#Set the seed of the random-number generation to the
evaluated expression.

<{num-var) , )<num-vard ces
1n READ )(string-var) {string-var)
READ A,$B,C(0),$D(0)

Assigns values from. the internal data list to
variables or array elements.

1n REM <text) REM comment lines for documentation. Inserts
comment lines into program.

1n RESTOR [1n] RESTOR
RESTOR 40

RESTOR without a parameter resets pointer to begin-

ning of DATA sequence, while RESTOR with a parameter
resets pointer to specified line number.

1n RETURN RETURN

Return from BASIC subroutine and remove top address
from GOSUB stack.



1n STOP STOP

Terminate program execution and return to keyboard
(edit) mode.

1n TIME {exp), Exp ,<{exp
TIME 11,24,30

Start the 24-hour time-of-day clock and set the time
to the specified expressions values.

1n TIME TIME
Output the clock time as HR:MN:SD to the terminal
device.

1n TIME

{string-var) TIME $A(0)

Stores current clock time into specified string
variable.

1n UNIT &xp UNIT 3

*Designate the device(s) to receive all printed
output.



FUNCTIONS

POWER BASIC provides several predefined mathematical, string, and

system functions which simplify program entry and development.
POWER BASIC function may be used in any statement whére a variable may

be used. A function is called by using "function name

(argument )", where the function name is the three-letter name and the
argument maybe any expression or variable.
the argument replaces the function name in the statement in which it

is used.
SYNTAX

ABS (Kexp))

ASC ({string))

ATN (<exp))

BIT ({var),
{exp)) ?

EXAMPLE/EXPLANATION

A=ABS(B)
#Absolute value of expression
B=ASC($A)

#(see ASCII Character Conversion Function under
STRINGS)

A=ATN(1)

Arctangent of expression.
(expression in radians)

A=BIT (B,I)

#*Reads bit specified by expression within the
specified variable. Returns a 1 if bit is set
and a 0 if not set.

BIT ((var> , €xpD=<(expd)

Cos (<exp))

BIT (C,6)=1

#Modifies bit specified by expl in specified
variable. Selected bit is set to 1 if assigned
value (exp2) is non-zero and the zero if the
assigned value (exp2) is zero.

A=COS(B)
Cosine of expression.
(expression in radians)

Any

The specified function of



SYNTAX

CRB ({exp))

CRB ({exp1))
=<{exp2)

CRF (<{exp1))

CRF (exp1))=
{expd

EXP (<exp )

INP (<exp))

LEN ({string)

LOG (Kexp))

EXAMPLE/EXPLANATION

A=CRB(-1)
Reads CRU bit as selected by the CRU hardware

base = exp. Exp is valid over range -127
thru 128.

CRB(-4)=0

Set or reset CRU bit as selected by CRU hardware
base = expl. If exp2 is non-zero, the bit will be
set, else reset. Expl is valid for =127 thru 128.
A=CRF(4)

Read n CRU bits as selected by CRU base where exp
evaluates to n. Exp is valid for O thru 15. If
exp=0, 16 bits will be read.

CRF(5)=0FH

Output expl1 bits of exp2 to CRU lines as selected
by CRU BASE. Exp1 is valid for 0 thru 15. If
exp1=0, 16 bits will be output.

A=EXP(B)
*Raise the constant e to the power of the
expression.

A=INP(B)
Return the signal integer part of the expression.

A=LEN($B(0))
See String Length Function under STRINGS)

A=LOG(B)

¥Return natural logarighm of the expression.



SYNTAX EXAMPLE/EXPLANATION

MCH ((string D ,<string 2>) M=MCH($A,$B(0))
%¥(see Character Match Function under STRINGS)

MEM (<exp)) A=MEM(OFFOOH)
A=MEM(65280)

Read byte from user memory at address specified
by exp. Only decimal values may be used by
Evaluation BASIC (valid integer range of 0 to
65535).

MEM, ({exp1))= exp2
MEM(OBOH ) =OFH
MEM(176)=15

Store byte exp2 into user memory at address
specified by expl. Only decimal values may be
used by Evaluation BASIC (valid range of 0 to

65535) .

MWD ( exp) A=MWD (OFFOO0H)
A=MWD(65280) °
EXP

MWD (exp 1) =exp2 MWD(176)=15

STORE word EXP2 into user memory at address
specified by EXP1.

NKY ( exp ) A=NKY(O0)

IF NKY(65) THEN PRINT "A"

Conditionally samples the keyboard in run-time
mode. If exp=0, return the decimal value of last
key struck and clear key register. (Zero is
returned if no key was strueck). If exp O,
compare last struck key with decimal value of exp.
If they are the same, a value of 1 is returned

and the key register is reset, if not equal then
return a O.

RND A=RND
Returns a random number between O and 1.
SIN ({exp)) A=SIN(B)

Sine of the expression (exp in radians).



SYNTAX

SQR (<exp))

SRH (<string®>,
{string2>)

SYS ({exp))

TIC ({exp))

EXAMPLE/EXPLANATION

A=SQR(B)

Square root of expression.

S=SRH($4,$B(0))
#(See Character Search Function under STRINGS).
A=SYS(2)

#0btain system parameters generated during program
execution. The exp values and corresponding
system parameters are as follows:

SYS(0)=Input control character
SYS(1)=Error code number
SYS(2)=zError line number

T1=TIC (0)
T2=TIC(T1)

Returns the number of time TICs 1less the
expression value. One TIC equals 40 milliseconds
(1/25 second). One TIC equals 40 milliseconds
(1/25 second).



STRINGS

String variables in POWER BASIC are designated by preceding the
variable name with a dollar sign ($). ASCII character strings are
stored in contiguous memory byte locations with a null character
terminating the string. Hence, simple string variables in Development
BASIC which are 6 bytes in length can contain up to 5 characters
(Evaluation BASIC has 4 byte variables, so only 3 characters can be
entered per simple string variables). Dimensioned string variables in
Development BASIC may contain up to the number of elements times 6,
less one character, while Evaluation BASIC dimension variables may
contain up to the number of elements times 4, less one character.
Also, dimensioned string variables may have a byte index following the
subscript(s) to indicate a byte position within the specified string.
This is indicated by following the subscripts with a semicolon and the
byte displacement (e.g., $A(0;5)).

FUNCTION/SYNTAX EXAMPLE/EXPLANATION

ASCII Character
Conversion Function
ASC ({string-var)) ASc($A(0))

%¥Convert first character of string to
decimal ASCII Numeric representation.

Assignment
{string-var) $A(0)=B(0)
{string-var) = [(string-constant)} $A4(0)=B(0;5)

Store string into string-var ending
string with a null.

Character Match Function
MCH ({string!), ¢(string2))- A=MCH("HI",$B(0))

#Return the number of characters to
which the two strings agree.

Character Search Function
SRH ({stringl),{string2)) A=SRH ("BC, "ABCD")

#Return the position of stringl in
string?2. Zero is returned if not
found.
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FUNCTION/SYNTAX

Concatenate

{string-var) =

EXAMPLE/EXPLANATION

{string-var) string-var) ‘
{string-constant string-constant ceo e

Convert to ASCII
{string-var) ={exp
{string-vard= #(string), @xp

Convert to Binary

{var)=(string) , {var2)

Deletion

{string-var)= /{exp)

Insertion

" {string-vard> =/

{string-var)
string-constant)

$4(0)=$A(0)+"END"

Concatenate specified string
variables or string constants.

"~ $N(0)=N

$N(0)=#"99 990.99",TX

#Convert exp to ASCII character
string ending with a null.
#String specifies a formatted
conversion.

N="1234" B

N=$A,E
#Convert string into binary equi-
valent. Var2 receives the de-
limiting non-numeric character in
the first byte.

$A(053)=/2

Delete exp characters from string
var.

$A(0;3)=/"HI"

Insert string into specified
position in string variable.
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FUNCTION/SYNTAX , EXAMPLE/EXPLANATION

String Length Function
{string-var> L=LEN($A(0))
{num-vard=LEN({string-constant) L=LEN "ABC"

Return the length of string up
to terminating null.

Pick

{string-var2)
{string-varl = {string-constant2) , $I=$A(0;2),3
<expy $J="ABCDE", 3

Pick exp number of characters
from string?2 into string-vari
ending string with null.

Replace

~ )Gtring-var2)
{string-vard= |(string-constant2)|; $B(0;2)=$A(0);1
{exp> $B(0;2)="...";2

Replace exp number of characters
of string-varl with string2.



INPUT OPTIONS

The following options are available for use with the INPUT statement
to provide the POWER BASIC user with enhanced terminal input

capability.

For additional details on their use, refer to the INPUT

statement, Section 5, paragraph 5.8.1.

SYNTAX

{string-var)

-e

#exp

%exp

"? 1n

"STRING"

EXAMPLE/EXPLANATION

INPUT $A

Prompt with colon and input character data.

INPUT A,B

Delimit expressions for multiple inputs

INPUT ;A
INPUT A;

Suppress prompting if before variable, or CR LF if
at end of line.

INPUT #1"Y or N"$I

Specify a maximum of exp characters to be entered.

INPUT % 4"CODE"C

#Requires entry of exactly exp number of characters.

INPUT ?100;A

#Upon an invalid input or entry of a control charac-
number (1n). SY¥S(0) will be equal to -1 if there
was an invalid input. Otherwise, SYS(0) will equal
the decimal equivalent of the control character.
INPUT "YES or NO?";$A

Prompt with string and then get input. Equivalent

to:
PRINT "YES or NO?";::INPUT;$A
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OUTPUT OPTIONS

POWER BASIC provides the following options for use with the PRINT

statement.

They provide powerful print formatting capability for all

user output directed to the terminal and/or auxillary device (see UNIT

statement).

For additional information on these formatting options,

refer to Section 5, paragraph 5.8.2.1.

SYNTAX

.
’

TAB (<exp))

string

#{exp)

#,<{exp)

#;{exp)

EXAMPLE/EXPLANATION

PRINT A;B
PRINT A;

Delimits expressions or suppresses CR LF if at
end of line.

PRINT A,B

Tab to next print field.

PRINT TAB (50);A

Tab to column specified by exp.

PRINT "HI";$A(0)

#Print string or string-var.

PRINT # 123

¥Print exp as hexadecimal in free format.

PRINT#,50

*Print exp as hexadecimal in word format.

PRINT #;A

*Print exp as hexadecimal in byte format.
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SYNTAX EXAMPLE/EXPLANATION

hex value PRINT "(QD}(DA?"

#Direct output of ASCII codes.

#string PRINT #"99.00"123
*Print under specified format where:
PRINT #"9999"I
#¥9 = digit holder
PRINT #"000-00-0000"SS
#0 = digit holder or force 0
PRINT #"$$$$,$$$.00"DLR
#$ = digit holder and floats $
PRINT #"SSS.0000"4*ATN1
#S = digit holder and floats sign
PRINT #"¢<<.00> "I

*# ()= digit holder and float on negative
number

PRINT #"990.99E"N
¥*E = sign holder after decimal

PRINT # "990.99"N

. = decimal point specifier



SYNTAX EXAMPLE/EXPLANATION

PRINT #"990.00"N

# = suppressed if before significant digit

PRINT #"999,990 00"I

8- translates to decimal point

PRINT #"HI=99"I

#Any other character is printed.



GENERAL INFORMATION

SPECIAL CHARACTER

The following characters have a special meaning when encountered in
program statement lines:

CHARACTER USE

HH Statement separator when entering multiple
statements per line.

! Tail remark indicator used for comments after
program statement.

Equivalent to "PRINT" statement

-e

ARITHMETIC OPERATIONS

A=B Assignment

A-B Subtraction

B+B, $A+$B Addition or string concatenation
A*B Multiplication

A/B Division

MB Exponentiation

-A Unary Minus

+A Unary Plus

*LLOGICAL OPERATIONS

The logical operators perform "bit-wise" operations on the operand(s).
The operands are converted to 16-bit integer quantities before the
operation, and the results .of the operations are similarly 16-bit
values.

LNOT A * 1's complement of integer
A LAND B * Bit wise AND.

A LOR B % Bit wise OR.

A LXOR B * Bit wise exclusive OR.



RELATIONAL OPERATORS

The relational operators are binary operators that operate on two
arithmetic expressions. They return values of 1 (TRUE) or O
(FALSE).

A= TRUE if equal, else FALSE.

A==B %*TRUE if approximately equal (+1E-7), else
FALSE

ACB TRUE if less than, else FALSE.

A( =B TRUE if less than or equal, else FALSE.

A)B TRUE if greater than, else FALSE.

A) =B TRUE if greater than or equal, else FALSE.

A(OB TRUE if not equal, else FALSE.

% BOOLEAN OPERATORS

The boolean operators are designed to work on the resultan TRUE (1) or
FALSE (0) conditions set by the relational operators. However they
may also operate on variables within the program, in which case a zero
value variable is considered FALSE (0) and a non-zero value variable
is considered to be TRUE (1). The boolean operators return value of 1
(TRUE) or O(FALSE).

NOT A *TRUE if zero, else FALSE
A AND B *TRUE if both non-zero, else FALSE.
AORB ®*TRUE if either non-zero, else FALSE.



OPERATOR PRECEDENCE

1.
2.

Expressions in parentheses
Exponentiation and negation

-9

==,>on11
NOT ,LNOT
AND,LAND
OR,LOR

= ASSIGNMENT



ERROR CODES

POWER BASIC displays error code numbers corresponding to the
appropriate error messages listed below. This is the case for the
TM 990/450 Evaluation BASIC package and for the TM 990/451 Development
BASIC package. However, Development BASIC utilizing the TM 990/452
Development BASIC Enhancement Software Package EPROM set will display
the error message itself in place of the error code number for all
errors generated by the Development BASIC package.

CODE ERROR MESSAGE

1 = SYNTAX ERROR
2 = UNMATCHED PARENTHESIS

3 = INVALID LINE NUMBER

4 = JLLEGAL VARIABLE NAME

5 = TOO MANY VARIABLES

6 = ILLEGAL CHARACTER

7 = EXPECTING OPERATOR

8 = ILLEGAL FUNCTION NAME

9 = ILLEGAL FUNCTION ARGUMENT

10 = STORAGE OVERFLOW

11 = STACK OVERFLOW

12 = STACK UNDERFLOW

13 = NO SUCH LINE NUMBER

14 = EXPECTING STRING VARIABLE

15 = INVALID SCREEN COMMAND

16 = EXPECTING DIMENSIONED VARIABLE
17 = SUBSCRIPT OUT OF RANGE

18 = TOO FEW SUBSCRIPTS

19 = TOO MANY SUNSCRIPTS
20 = EXPECTING SIMPLE VARIABLE
21 = DIGITS OUT OF RANGE (0{# of digits{12)
22 = EXPECTING VARIABLE
23 = READ OUT OF DATA
24 = READ TYPE DIFFERS FROM DATA TYPE
25 = SQUARE ROOT OF NEGATIVE NUMBER
26 = LOG OF NON-POSITIVE NUMBER
27 = EXPRESSION TOO COMPLEX
28 = DIVISION BY ZERO
29 = FLOATING POINT OVERFLOW
30 = FIX ERROR

31 = FOR W/0 NEXT
32 = NEXT W/0 FOR

33 = EXP FUNCTION HAS INVALID ARGUMENT
34 = UNNORMALIZED NUMBER
35 = PARAMETER ERROR
36 = MISSING ASSIGNMENT OPERATOR

37 = ILLEGAL DELIMITER



CODE

38
39
ko
41
42
43
Ly
us5
46

ERROR MESSAGE (cont.)

UNDEFINED FUNCTION
UNDIMENSIONED VARIABLE
UNDEFINED VARIABLE

EXPANSION EPROM NOT INSTALLED
INTERRUPT W/O TRAP

INVALID BAUD RATE

TAPE READ ERROR

EPROM VERIFY ERROR

INVALID DEVICE NUMBER



APPENDIX C

SAMPLE PROGRAMS

This Appendix consists of two sample programs (sine wave and word
puzzle).



c.1

SINE WAVE

This sample program demonstrates the use of the TAB function. It will

plot a sine wave given input from the user.

LIST
5  INPUT "HOW MANY CHARACTERS PER LINE ON YOUR TERMINAL ";M
10 INPUT "MAGNITUDE"A;" PERIOD"B;" #STEPS"C

15 PRINT

20 FORI=1TOC

30 PRINT TAB (INP(M/2)+A®SIN(I/B));"#n

4o NEXT I
50 STOP
RUN

HOW MANY CHARACTERS PER LINE ON YOUR TERMINAL? 80
MAGNITUDE? 38 PERIOD? 3 STEPS? 30

STOP AT 50



RUN
HOW MAY CHARACTERS PER LINE ON YOUR TERMINAL ? 80
MAGNITUDE? 30 PERIOD? 4 STEPS? 25

STOP AT 50



C.2

WORD PUZZLE

This sample program demonstrates character array manipulation. It
will hide up to twenty one user-selected words in an array of random

letters.

100 DIM A(22,5),N(20,7),C(6)
110 $C(0)="ABCDEFGHIJKLMNOPQRSTUVWXYZ"

1000
1010
1020
1030
1100
1110
1120
1130
1140
1150
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1432
1436
1410
1500
1510
1520
1530

REM INIT ARRAY
FOR I=0 TO 22:: FOR J=1 TO 23
$A(1,0;J)=" "
NEXT J:: NEXT I
REM ENTER DATA
FOR N=0 TO 20
INPUT $N(N,0)
IF $N(N,0)="":: GOTO 1150
NEXT N
N=N-1 !GET NUMBER OF NAMES
REM FIT INTO ARRAY
FOR I=0 TO N
TRY=0 !NUMBER OF TRYS
TRY=TRY+1
IF TRY-INP(TRY/100)%100=0:: PRINT TRY"TH TRY TO FIT $N(I,0)
IF TRY 500:: GOTO 1210 ISTART AGAIN
R=INP(RND#*22):: R1-R
C=INP(RND¥*22)+1:: C1=C
O=INP(RND#*8)+1
IF 0=1:: RO=-1:: CO=0
IF RO=-1:: CO=1
IF RO=0:: CO=1
RO=1:: CO=1
RO=1:: CO=1
RO=1:: CO=-1
RO=1:: CO=-1
:: RO==1:: CO=-1
FOR J=1 TO 19
$L=$N(I1,0;J),1 !GET LETTER
IF $L="":: GOTO 1500
$L1=$A(R,0;C),T ILOOT AT ARRAY
IF $L1=" m:: GOTO 1430
IF $L. $L1:: GOTO 1230 IFIT FAILED, TRY AGAIN
R=R+RO:: C=C+CO IMOVE TO NEXT
IF R -1:: IF R23:: IF C O:: IF C 24:: GOTO 1440
IF $N(I,0;J+1) "m:: GOTO 1230
NEXT J
N(I,5)=R1:: N(I,6)=C1:: N(I,7)=0 1SUCCESS!! SAVE POSITION
FOR K=1 TO J-1 !DO ACTUAL MOVE
$A(R1,0;C1)=$N(I,0;K);1:: R1=R1=RO:: C1=C1+CO
NEXT K

=)

T
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1540 NEXT I

1550 INPUT "DO YOU WANT TO SEE THE ANSWERS?"%1;%I
1560 IF $I="Y":: GOSUB 2000:: GOSUB 3000

1800 REM FILL IN PUZZLE

1810 FOR I=0 TO 22;; FOR J=1 TO 23

1820 $L=$A(1,0;J),1

1830 IF " "=$A(I,0;J),THE$A(I,0'J)=$C(0;INP(RND¥26)=1);1
1840 NEXT J:: NEXT I

1850 GOSUB 2000

1860 STOP

2000 REM PRINT ARRAY

2005 PRINT :: PRINT

2010 FORI=1 TO 49:: PRINT "#w;:: NEXT I :: PRINT
2020 FOR I=0 TO 22:: PRINT "¥ ®;:: FOR J=1 TO 23
2030 $L=$A(1,0;J),1:: PRINT $L" ";

2040 NEXT J:: PRINT "#nw:: NEXT I

2050 FOR I=1 TO U49:: PRINT "#¥n;.: NEXT I:: PRINT
2060 RETURN

3000 FOR I=0 TO N

3010 PRINT $N(I,0) TAB 20;N(I,5)+1;N(I,6);N(I,7)
3020 NEXT I

3030 RETURN

RUN
: POWER BASIC
TEXAS INSTRUMENTS
COMPUTER
MICROPROCESSOR
TERMINAL
CASSETTE
¢ DIGITAL
¢ RAM

EPROM

.

DO YOU WANT TO SEE THE ANSWERS?Y
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APPENDIX D

FLOATING POINT PACKAGE



D.1

D.2

D.3

D.4

D.4.1

INTRODUCTION

The POWER BASIC Floating Point package is a single accumulator
Floating Point Processor. It includes the common operations of
addition, subtraction, multiplication and division. Also provided are
utilities to load, store, scale, normalize, clear, float and negate.

SYNTAX
XOP SYNTAX:
(LABEL] J..XOP ¥.. GA,OP ¥.. comment
For clarity in explanation, the XOPS will be defined as follows:

DXOP LOADF,0
DXOP STORE, 1
DXOP FADD,2
DXOP FSUB,3
DXOP FMUL,4
DXOP FDIV,5
DXOP SCALE,6
DXOP NORMAL,7
DXOP CLEAR,8
DXOP NEGATE,9
DXOP FLOAT,10

FLOATING POINT FORMAT AND ACCURACY

Detailed information on the format and accuracy of floating point
numbers may be found in Section 3.7.7.

Paragraphs D.4.1 through D.4.7 describe the utilities provided by the
floating point package.

LOAD

XOP 0 (LOAD) will load FPAC (Floating Point Accumulator) with the 6
byte number addressed by the operand.

Example:

LOADF @FP1 or XOP @FP1,0



FP1 DATA D4110,>0000,>0000

Will load FPAC with the contents of FP1.

D.4.2 STORE

XOP 1 (STORE) will store FPAC at the 6 byte location addressed by the
operand.

Example:
STORE 6FP2 or XOP @FP2,1

FP2 BSS 6

Will transfer the contents of FPAC to FP2.

D.4.3 SCALE

XOP 6 (SCALE) will adjust the exponent of FPAC to the value of the
operand.

Example:

SCALE €CHA or XOP @cCHa,6

CHA DATA  H4A00

Will adjust FPAC so the exponent becomes H4A.

D.U.4 NORMALIZE

XOP 7 (NORMALIZE) will adjust FPAC such that the first hex digit of
the fraction is non-zero.

Example:
NORMAL 0. or XOP 0,7
Will normalize FPAC.

Note that the operand has no significance.



D.4.5 CLEAR
XOP 8 (CLEAR) will zero FPAC.

Example:
CLEAR 0 or XOP 0,8

Will zero FPAC.

Note that the operand has no significance.

D.U.6 NEGATE

XOP 9 (NEGATE) will negate FPAC by changing the first bit. If FPAC is
zero, it will remain zero.

Example:
NEGATE O or XOP 0.9
Will Negate FPAC.

Note that the operand has no significance.

D.4.7 FLOAT

XOP 10 (FLOAT) will float the second word of FPAC into a floating
point number. This word is a 16-bit 2's compliment integer.

Example:
CLR RO
LI R1,100
CLR R2
LOADF RO OR XOP 0,0
FLOAT O OR XOP 0,10
STORE @FP100 OR XOP @FP100,1

FP100 BSS 6

Will load FPAC with a decimal 100, convert it to floating point and
store it in FP100 .

Note that the operand has no significance.



D.5

D.5'1

D.5.2

Dn5 03

Paragraphs D.5.1 through D.5.5 describe the mathematical operators of
the floating point package. All operators are required to be
normalized and the result will be normalized and returned in the
floating point accumulator (FPAC). If the result is zero, it is
returned as a true zero (i.e., all zeros as opposed to a floating
point zero, 4000, 0000, 0000).

XOP 2 (ADDITION) will add the 6 byte number addressed by the operand
to the FPAC and place the results in FPAC.
Example:

FADD €C10 OR XOP €c10,2

C10 DATA >41A0, »0000, H>0000

Will add the contents of C10 to FPAC and place the results in FPAC.

SUBTRACTION

XOP 3 (SUBTRACTION) will subtract the 6 byte number addressed by the
operand from the FPAC and place the results in FPAC.

Example:

FSUB ec10 OR XOP @c10,3

C10 DATA >41a0, >0000, >0000
Will subtract the contents of C10 from FPAC and place the results in
FPAC.

MULTIPLICATION

XOP 4 (MULTIPLICATION) will multiply FPAC by the 6 byte number
addressed by the operand and place the result in FPAC.

Example:

FMUL €C10 OR XP @C10,4

C10 DATA  >U1A0, > 0000, )>0000



Will multiply the contents of FPAC by the contents of C10 and place
the results in FPAC.

D.5.4 DIVISION

XOP 5 (DIVISION) will divide FPAC by the 6 byte number addressed by
the operand and place the result in FPAC.

Example:

FDIV @c10 OR XOP €c10,5

C10 DATA DUi1A0, >0000, > 0000

Will divide the contents of FPAC by the contents of C10 and place the
results in FPAC.

D.5.5 EXAMPLE
For example, the equation
| A=B+C*D
Would become:

LOADF  @cC OR XoP €c,0
FMUL en OR XOP @D,4
FADD éB OR XOP €B,2
STORE @A OR XOP €A,1

BSS 6

DATA 24110, >0000, >0000
DATA 24118, >0000, »0000
DATA Y4118, 0000, >0000

OO W
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