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CHAPTER 1

1.1 INTRODUCTION

This chapter is an introduction to BASIC-M. It gives an
overview of the language and its implementation
characteristics. The reader already acquainted with BASIC is
especially invited to read through this section.

1.2 BASIC-M unique features

- -~ —" Y - — T~ - -~ —" " ot " - " v~

T —— - " o . " " — —_" W - 7 o

o —- — - —— Y~ - A~ —— V- -~ -~ -~ -

In interpreter mode, the operator interacts with his
source program which is held in the system RAM. The "RUN"
command causes the source to be compiled into an object code
which is immediately executed (high-speed compilation :
approximately 50 lines/second) under control of the Runtime
Package.

In compiler mode, the object data can overwrite the
compiler and possibly the BASIC source program; thus no
further interaction is possible, but more memory space is
available at execution time.

In either mode, an option exists to force the compiler
to produce a compact code (five bytes 1less per statement
line); this option however, precludes further tracing or
monitoring (see "WHEN ...THEN" and "ON ERROR  THEN"
statements).

1.2.1.2 Object code and Runtime Package

D S o S —_—— S —" -~ O -~ - T - —" —— o > —— Y - o V" Wa R o O . ki s W

Both the Runtime Package and the code produced by the
compiler are position-independent, a powerful feature derived
from the MC6809 processor. The Runtime installation address
in the end system can be specified at compilation time.

The scratchpad RAM allocated to the BASIC variables and
stacks can also be easily controlled, either by type
declaration statements, or when invoking the compiler.

1.2.1.3 Edit capabilities and error detection

A 1 o St e N VO W W D A I U S o - T kS . " o " oo, U S W T - T - — S T " A T N

Several system commands exist for automatic line
numbering, resequencing and for renaming variables or
user-defined functions or procedures.

Errors are detected at three levels :
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INTRODUCTION 1.2 —- BASIC~M unique features

- when entering the source ( syntax errors )
- when compiling ( compile-time errors )

- when executing the compiled code ( runtime
errors ; these may be optionally processed by
the user program ).

1.2.2 Data types and address assignement control

- s e o — —— o T - "

Unlike standard BASIC, BASIC-M accepts multicharacter
variable and user-defined function or procedure names. This
allows better readability and program maintenance. The
"RENAME" system command provides a means to upgrade standard
BASIC variable names. Thus, for instance, M$§ may be easily
changed to Month$, T(2) to Time of the day(2), ... and so on.

1.2.2.2 Data types

The following four types are supported :

~ Real : 5-byte data in a format allowing
a dynamic range of E+38 to E-38,
with an accuracy of over 9 digits.

- String : 3l-character variables.

- Byte : unsigned 8-bit data.

Integer : signed 16-bit data.

A variable 1is assigned one of the above types either
implicitly (real and string variables conform to BASIC
conventions), or explicitly (type declaration via the BYTE or
INTEGER statements).

In addition, a single bit can be easily accessed within
a byte or integer, just by specifying its position within the
variable. Thus the testing or setting of one bit in
high-level 1language becomes a simple matter, as illustrated
below.

Examp le 1.0

10 BYTE Pia ADDRESS $8008 \ 8008 is an hex constant
20 REM reset bit #0 if bit #7 is set
30 IF Pia{71=1 THEN Pia[0]1=0

1.2.2.3 Data structures

BASIC-M supports one and two-dimensional arrays that may

BASIC-M 3.0 User”s Guide Page 01-02



INTRODUCTION 1.2 -- BASIC~M unique features

contain elements of either of the four data types mentioned
before.

1.2.2.4 Address assignment

Unless otherwise notified, the compiler takes care of
allocating storage to the program variables. However, the
user may force the assignment of absolute base addresses to
some of his program variables or procedures (external
assembly language subroutines). This is achieved via the
ADDRESS keyword. For instance, the following statements will
define a two-dimensional byte matrix based at the hexadecimal
location $C000, and a subroutine starting at hex address
$F024.

Example 1.1

12 BYTE Alpha_memory(22,80) ADDRESS $C000
15 EXTERNAL Pdata ADDRESS $F024
18 INTEGER Graphic(22,40) ADDRESS Alpha memory

The possibility of achieving the effect of the FORTRAN
"EQUIVALENCE" statement is also illustrated in the previous
example : the arrays labelled Alpha memory and Graphic
respectively, occupy the same memory space, although they are
not of the same type.

1.2.3 Language extensions

BASIC-M permits the user to work at a "low level”, 1i.e
close to the machine environment.

The data types and addressing, as described in the
previous paragraph, are a first step to meet this
requirement. The statements that are briefly discussed next
take it a step .further. They all allow for an easy monitoring
of external events or conditions.

1.2.3.1.1 Interrupt monitoring

Eight statements are provided for processing interrupt
requests :

ON NMI THEN ...

ON IRQ THEN ...

ON FIRQ THEN ...

ON KEY key list THEN ...
and their counterparts :

NEVER NMI
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NEVER IRQ
NEVER FIRQ
NEVER KEY key list

The first three statements of each series refer to the
MC6809 interrupt sources, while "ON KEY" and "NEVER KEY"
refer to the management of function keys. Below are examples
to be described in more detail further on in this manual.

Example 1.2

100 ON NMI THEN Update time \ Real~-time clock
320 ON FIRQ THEN GOSUB 480
480 NEVER KEY 3,5,12

1.2.3.1.2 Condition monitoring

One of the nicest statements in BASIC-M is the:
"WHEN condition THEN action" statement.

It differs in many respects from the standard "IF ...
THEN" statement. The "IF ... THEN" is used to test a
particular condition on execution, at a given time : when the
statement is encountered.

"WHEN ... THEN" does also test a condition but the test,
rather than being done at a given instant, is performed prior
to executing each and every statement of the program. The
condition specified in the WHEN clause is continuously
monitored wuntil another "WHEN ... THEN" statement is
encountered, or until a WHEN request is cancelled by the
associated "NEVER WHEN" statement.

Not surprisingly, this statement results in some
downgrading, as far as speed is concerned, but its advantages
far outweigh this drawback. An example of WHEN usage follows:

Example 1.3

125 WHEN Valve_1=0 AND Pressure > 200 THEN Led[3]=1

1.2.3.2 Data formatting

Another strength of BASIC-M is that provision is made
for formatting both output data and memory-resident data.

1.2.3.2.1 Formatting output data

Before data is transmitted from internal storage to an
output device (console, disk, line printer), it goes through
an editing process which cannot be easily controlled in

1.2 -- BASIC-M unique features
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INTRODUCTION 1.2 -~ BASIC-M unique features

standard BASIC. BASIC~-M however offers flexible facilities
for specifying the format of the data to be output. The PRINT
USING statement actually tells the computer to output data
contained in its operand list in a format described in its
USING clause. BASIC-M provides eight format descriptors that
make the language well suited for a wide variety of
applications where a versatile formatting of data is at a
premium. These descriptors which feature both COBOL and
FORTRAN formatting capabilities are fully detailed in chapter
6. The output format can be specified in a literal constant
or at execution time; in this latter case, the descriptors
are contained in a string variable (see example 1.6).

The three examples below illustrate the type of results
that can be achieved.

Example 1.4

—-——— oo oo ' ot~

40 AS$S="Motorola Semiconductors"®
100 PRINT USING "[64,C)[/5][X31]",AS$,"1"

The string "Motorola Semiconductors™ is output
centered in a 64-column field, followed by 5 empty lines, 31
horizontal spaces and an exclamation mark.

Example 1.5

——— - o o (ot S T oo i

10 DATE 40579

20 BOOK 2.19025075E+6

30 PRINT #2 USING 90, DATE, BOOK

90 IMAGE "Date : [C2/2/2] [X10]Bookings = [C($)1,3,3(.)2]"

0o

The following printout occurs on the line printer :

Date : 04/05/79 Bookings = $2,190,250.75

Example 1.6

10 INPUT Angle, Model$
20 PRINT USING Model$, Angle*PI/180

RUN

? 360

? [1,3,2] radians
6.283E+0 radians
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INTRODUCTION 1.2 -- BASIC-M unique features

1.2.3.2.2 Editing memory-resident data

Most of the format descriptors that apply to the PRINT
USING statement are also available for editing
memory-resident numeric data, a very valuable feature when
working on video RAM. For this purpose, the STR$ built-in
function has been enhanced so as to support a second argument
which precisely specifies the format descriptors. The STRS (X)
function normally converts a numeric value X to a string. A
sample program, although not complete, is shown below which
causes the string "04/05/79" to be displayed in the top
left-hand side corner of a CRT whose video RAM would start at
location $4000.

Example 1.7

22 DIM Alpha$(16,2) ADDR $4000 \ 16x64 video RAM
24 DATE = 40579 :
26 Alpha$(l,1) = STR$( DATE, "[C2/2/21")

As in the PRINT USING, the second argument of STR$ which
in the above example is a literal constant, may well be a
literal variable, thus allowing the user to format data at
execution time.

1.2.4 Matrix operations

As already mentioned under 1.2.2.3, BASIC-M supports
arrays that can be either one- or two-dimensional. Data items
of the same type (byte, integer, real or string) are grouped
together to form an array or matrix that can be referred to
by a single name. There exists several powerful statements
which allow an array to be regarded as a single guantity.
This approach results in shorter and faster programs, for it
obviates the use of the conventional FOR-NEXT loops operating
on every element of the array. The following examples
highlight the usefulness of some matrix-~oriented statements.

Example 1.8 : initialize a 5x4 matrix A to the value PI

10 DIM A(5,4)
20 MAT A = SET [PI]

Example 1.9 : a FOR-NEXT loop is used to achieve the
——————————— same results as in example 1.8

10 DIM A(5,4)

20 FORI =1 TO 5
30 FORJ = 1 TO 4
40 A(I,J) = PI
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50 NEXT J
60 NEXT I

Example 1.10 : input the elements of a 2x2 matrix B
———————————— from the console (data typed in on the
same line ).

10 DIM B(2,2)
20 MAT INPUT B

Example 1.11 : problem definition equivalent to above
———————————— example (1.10).
A standard BASIC statement is used.

10 DIM B(2,2)
20 INPUT B(1,1), B(1l,2), B(2,1), B(2,2)

Example 1.12 : matrix multiplication

10 DIM A(2,4), B{(2,3), C(3,4)
20 MAT A = B*C

Example 1.13 : matrix inversion

10 DIM A(3,3)
20 MAT A = INV(A)

1.2.5 Disk I/0

BASIC-M provides versatile statements for exchanging
data with a mass-storage media (disk or mini-disk). The
following file organizations and access are supported :

1/ sequential organization :
- fixed-length records : sequential or random access.
- variable-length records : sequential access only.

2/ indexed organization :
- fixed-length records : indexed access to a particular
record by means of keys.

1.2.6 Built-in functions

., o S S " " > S " o S P AL WD oo S o

BASIC-M includes over 30 intrinsic functions : those
commonly found in most BASIC”s , plus several unique ones
that considerably ease string processing or mathematical
problem solving. Below is a brief 1list of some advanced
functions :
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ASN (X) arcsine of X

LOG (X) natural logarithm of X

DCLOG (X) decimal logarithm of X

LOC (X) absolute address of X

SUBSTR(SS$,X$) return position of substring X$ in S$
TRIMS (S$) strip trailing blanks off S$

1.2.7 User~defined functions / procedures

As in the standards, BASIC-M makes provision for
user—definition of single-line arithmetic functions, such as
the one shown in example 1.14.

Example 1.14

10 DEF SURFACE(X) = PI * X"2
20 INPUT "cylinder height and radius ", H, R
30 PRINT "Volume = "; H * SURFACE(R)

More interesting is the fact that BASIC-M supports also
multi-line user-defined procedures similar to PASCAL”s.
Unlike functions, procedures do not return a single value to
the calling program; rather they cause the execution of a
pre—-defined sequence of statements. The sequence is activated
by writing the name of the procedure, possibly followed by a
list of arguments.

The idea behind user-defined procedures is to improve

"the overall program structure, thus making it both more
readable and secure.

An example of a very simple procedure definition and
call follows.

Example 1.15

70 GOTO 100

75 DEF DELAY (X) \ procedure definition

80 FOR BB = 1 TO X \ software delay

85 NEXT BB

90 RETURN \ end of procedure definition
95 REM

100 WHEN Pial[3]=1 THEN DELAY(Z)

1.2.8 Assembly language interface

In some cases , it might be desirable to perform some
time~critical tasks in assembly lanqguage. BASIC-M interfaces
very easily to user-written assembly lanquage subroutines
thereafter referred to as external procedures ; The EXTERNAL
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statement allows to declare these latter along with their
absolute address.

The address of the arguments involved in the external
procedures , if any, are passed in a table pointed to by the
MC6809 index register.

The external subroutines can also be called as functions
returning a value to the calling program.

Below 1is an example of an external subroutine call and
definition; the passing of argument (the address of a string)
is illustrated in this sample program.

Example 1.16 : echo an input string by calling
———————————— the monitor PDATA subroutine

15 EXTERNAL ASM ADDR $8000 \ user-written routine

18 INPUT TEXTS \ read input string
21 TEXT$ = TEXT$ + CHR$(4) \ append terminator
24 CALL ASM( TEXTS ) \ invoke assembly routine

User-written assembly program :

NAM ASM
ORG $8000

ASM LDX ,Y read argument address
LEAX 1,X skip string length byte
JMP PDATA call monitor (sub)routine
END
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CHAPTER 2

A BASIC-M source program consists of a series of
instructions which directs the computer to perform a certain
task. Each instruction is called a statement.

BASIC~-M has some 30 different kinds of statements and
over 30 different built-in functions, which are all discussed
separately further on in this manual.

A statement appears wholly on a statement 1line ,
thereafter referred to as a "line", which may include up to
80 characters and must be terminated by a carriage return
character. No more than one statement can be coded on a line,
nor can a statement be continued on the next line.

Each line must be numbered to indicate the normal
sequence in which the statements are executed. These line
numbers appear at the left end of the line and may be any
value from 1 to 65535. Statements may be entered in any
order. The computer keeps them in numerical order no matter
how they are entered. For example, if statements are input in
the sequence 30, 10, 20, the computer arranges them in the
order 10, 20, 30.

Good programming practice dictates that the line numbers
be separated by some numeric distance, say 10, so that if
programming errors are found , or changes made to the
program, new lines with numbers in between those which
already exist can be inserted.

Upon request, the computer can optionally generate
automatic line numbers separated of each other by some
user—-defined distance. Once the source program has been
created, the statements can also be resequenced. The
automatic line numbering and resequence system commands are
discussed in chapter 13. Here 1is a brief illustration of
their usage.

Example 2.0 : automatic line numbering and
——————————— resequencing.
( user”s inputs are underlined )

READY
N 106 , 2
10 a2

12 PRINT A
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14 sSTOP

16 < CR > exit program editing by depressing
the carriage return key

READY
RESEQ /5
READY
LIST

00010 A=2

00015 PRINT A
00020 sSTOP

When a BASIC-M program is executed, execution starts
with the first statement in the first line ( the statement at
the top of the page of a listing ); then control flows to the
next line down the page ( of the program listing ). This
process continues until a statement is encountered which
changes the flow explicitly (i.e, GOTO, GOSUB, NEXT, 1IF ...
etc.), or until a hardware or software event being monitored
forces the computer to execute another portion of the source
program ; this happens in case of interrupts or of condition
monitoring enabled by a WHEN ... THEN statement .

2.2 Statement types

BASIC-M statements may be classified into four basic
categories: input/output , arithmetic or string processing,
control, and nonexecutable. As for any high-level language ,
BASIC-M source statements cannot be executed ; the
machine-language instructions into which these statements are
translated can be executed. But, because "executable
statement” is a conventional phrase, it will be used in all
subsequent discussions.

2.2.1 Input/output statements

These statements help in exchanging data between the
outside world and the user program ; they direct the computer
to read or write a record {(a collection of data), indicate
the device to be used ( console, disk, line printer } and may
optionally reference a nonexecutable statement which
describes the record (IMAGE statement).

Example 2.1 : input/output statement

50 INPUT "ENTER PARAMETERS ", A, B, C, X
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70 PRINT USING 90, A*X*X + B*X + C
90 IMAGE "Y = [6,21"

2.2.2 Arithmetic and string
processing statements

They constitute the "heart" of most BASIC-M programs, in
that they direct the computer to perform certain arithmetic
calculations (addition, sine calculation, etc.) or string
processing ( string concatenation, searching, etc.).

Example 2.2 : arithmetic and string
——————————— statements

10 A$="MOTOROLA "+ BS$S
20 POSITION = SUBSTR(AS$,"RO")
30 Y = SIN(X)

2.2.3 Control statements

Normally, statements are executed in the order in which
they appear in the source program. Control statements can be
used to instruct the computer to change this normal order of
execution. For example, control statements can be used to
repeat an instruction or series of instructions a specific
number of times, or to execute certain instructions only
under specified conditions. They can also be used to suspend
or terminate program execution.

Example 2.3 : control statements

35 FOR I 1 TO 20

40 TOTAL TOTAL + A(I)

45 1IF TOTAL > MAX THEN PAUSE "OVERFLOW"
50 NEXT I

2.2.4 Nonexecutable statements

These are primarily used to give the compiler
information it will need to execute other statements. The
type declaration statements fall into this category : they
govern the allocation of memory for the variables and dictate
the type of operations to further occur during program
execution (byte or floating-point addition, type conversion,
etc.). Examples of other statements of this category include
the REM statement (to announce a comment), the IMAGE
statement (to specify a printout format), and the DATA
statement (to store permanent values in the program).
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Example 2.4 : nonexecutable statements

10 REM This is a sample program
20 BYTE PIA ADDRESS $8008

30 DATA $FF, 4, 128

40 READ INITLZ

50 PIA = INITLZ

statement lines 10, 20 and 30 are
examples of nonexecutable statements.

2.3 Statement composition

BASIC-M statements are composed of various combinations
of keywords, variable names, constants, expressions, and
codes. As many blanks as desired can be inserted between
these quantities to improve program readability. However,
program editing must obey the following simple rules :

1/ each statement line must not exceed 80
characters.

2/ there must be at least one space between the
statement line number and the first element of the
statement.

3/ each key word must be followed by a blank.

2.3.1 Character set

BASIC-M programs are written using a subset of the ASCII
character set depicted 1in Appendix A. It is composed of
special characters, and of a collection of 1lower-case,
upper—-case and numeric characters collectively called
alphanumeric characters. The upper-case characters are the
characters A through % ; the lower-case characters are the
characters a through z ; the numeric characters are the
characters 0 through 9. These are also called the decimal
digits. The decimal digits and the characters A through F are
collectively called the hexadecimal digits.

The special characters and their meanings or uses,
outside of character-string constants and comments, are given
in figure 2.1.
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character name

space
dollar sign

backslash
left bracket

right bracket

double quote

left parenthesis
right parenthesis
asterisk

plus

minus

slash

up-arrow

period

less~than sign

greater—-than sign

immediate or
pound sign
equal sign
comma
underscore

meaning or use

alphanumeric characters
upper—-case characters
lower—-case characters
decimal digits
hexadecimal digits

separator, otherwise ignored

start of hex constant or

string variable terminator

start of comment

start of bit expression or

format descriptor

end of bit expression or

format descriptor

character-string constant delimiter
begin of argument or subscript list
end of argument or subscript list
multiply

add

subtract

divide or line feed descriptor
exponentiation (raise to power)
decimal point

less than or not equal if followed
by greater—~than sign

greater than or not equal if
preceded by less-than sign

begin of a logical unit expression
or not equal

equal

argument or subscript separator

can be embedded in names to improve
readability

CR

The general form of a statement line is as follows :

< line number >< blank >< statement bodv >< comment ><

where :

- the comment field is optional.

If any, the comment is

preceded by the backslash character and may include
any displayable characters.

- CR is the ASCII carriage return character.

- the statement line length must not exceed

80 characters.
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The rest of this section identifies the basic elements
that may exist in the statement body.

2.3.2 Keywords

Keywords have a special meaning in BASIC-M. They
identify operations designated by statements. An alphabetic
list of these key words is given in figure 2.2.

ABS ACS ADDR ADDRESS AND ASC ASN
AT ATN BYTE CALL CHRS CLOSE CON
COs COSH COTH DATA DCLOG DEF DIGITS
DIM END EOF ERR ERROR EXP EXT
EXTERNAL FIRQ FIX FKEY FLOAT FOR GO
GOSUB GOTO IAND IDN IEOR IMAGE IND
INPUT INT INTEGER 1INV IOR IRO ISHFT
KEY LEFTS LEN LET LINE LocC LOG
MAT MIDS MOD NEVER NEXT NMI NOT

ON OPEN OR PAUSE PEEK POKE POS
PRINT RAN READ REM RESTORE RETURN REWIND
RIGHTS RND SEQ SET SGN SIN SINH
50 SOR STEP STOP STRS SUBSTR TAB
TAN TANH THEN TO TRIMS TRN USING
VAL WHEN ZER

A variable name is a symbolic address selected by the
programmer., Although the address remains constant, it is
called a variable name because the data contained at the
symbolic address may be repeatedly changed during program
execution.

A procedure or function name is an identification of a
series of statements or instructions which can be executed by
specifying in the source program, the name of the procedure /
function.

BASIC-M user-defined wvariable , procedure or function
names do not conform with the BASIC standards, in that they
can be multi-characters. A name is not limited in length ;
BASIC-M stores the names in a symbol table, and each
variable, procedure or function is coded internally as a
16-bit pointer to this symbol table ; therefore the user can
feel free to wuse meaningful names without wasting memory
space. However, care should be exercised so that the 1length
of any source line is not more than 80 characters. Apart from
this restriction, a name must obev the following rules :

BASIC-M 3.0 User”s Guide Page 02-06



PROGRAM ORGANIZATION AND ELEMENTS 2.3 -— Statement composition

- the first character must be an upper-case character.
- a name may consist only of any alphanumeric
characters and of the underscore (), and

dollar ($8) signs.

= a name must not be identical to any of the BASIC-M
reserved words listed in figure 2.2.

legal names

A$ , ALPHA$ , Alpha$, Alpha_memory, Day of the week 1
E6 , I , PI , Exchange Rate , Dollar$ value

illegal names

Day_of the week:1 name includes a colon

alpha$ name does not begin with an
upper—case character

SIN reserved word. Note that SINS
would be legal

Alpha memory embedded space

A variable / procedure / function can be renamed at
will, by using the RENAME system command which is discussed
in detail in chapter 13. The user must be aware that changing
a name does not delete the old name from symbol table. Stated
another way, the table expands every time a variable is
renamed, thus consuming memory space. Below is an example of
the effect of the RENAME command.

Example 2.5 : using the RENAME command

LIST

00010 PRINT V1

READY

RENAME V1 Volume of cylinder
READY

LIST

00010 PRINT Volume_of cylinder

2.3.4 Constants

Constants , by definition , are unvarying quantities.
There are two categories of constants defined in BASIC-M :
numeric constants, and literal constants ( also called string
or character constants ).

2.3.4.1 Literal constants

N . - S it o 7 . oA 0l o S~ S o W S St o S P
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A literal constant is a string of characters enclosed in
a pair of double quotation marks. Any letter, digit, or
special character can be included in a literal constant. A
double quote , however, must be indicated by using two double
quotes. For example ,

neupygE"", HE SAID" represents "BYE", HE SAID
The following are all valid literal constants :

" yolume of cylinder = "
"3.14"

"gDelta to requirement is above 6"

The 1length of a character constant, when displayed or
printed, is the number of characters it contains, including
blanks, but excluding the delimiting double quotation marks.
Each pair of double quotes used to represent a double quote
is counted as one character. The maximum number of characters
in a literal constant is limited only by the maximum number
of characters on an input line, which is 80.

2.3.4.2 Numeric constants

This categorv is further subdivided in decimal, and
hexadecimal constants.

2.3.4.2.1 Decimal constants

A decimal constant consists of decimal digits with an
optional exponent specification. A decimal constant yields a
5-byte data in a format allowing to code quantities in the
range 10 raised to power -38 to 10 raised to power +38 , with
an accuracy of over 9 digits. A decimal point can be placed
anywhere in the digit string. The exponent is specified by
writing "E" followed by "+" or "-" or nothing, followed by a
digit string for the exponent value itself. The exponent
specification, if present , must be preceded either by a
decimal digit , or by a decimal point itself immediately
preceded by a decimal digit.

valid decimal constants unvalid decimal constants
3.14159265 3. 14159265
00000300 0000040
1E12 E12
1.812 E12
.314E+00001 .314E/00001

2.3.4.2.2 Hexadecimal constants

BASIC-M can also deal with hexadecimal constants. This
is a convenience offered especially for programmers
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accustomed to machine-language.

A hexadecimal constant consists of a hexadecimal digit
string preceded by the dollar sign.

Note that the wuse of any special character other than
the leading dollar sign is prohibited ( in particular, the
decimal point cannot be used in an hexadecimal constant ).

Hexadecimal constants supplied in the source program,
are treated as l1l6-bit signed quantities to represent values
in the range -32768 to +32767. However, hexadecimal numbers
supplied via an INPUT statements assume the range of decimal
constants. The following example illustrates this
distinction.

Example 2.6 : hexadecimal constants

—— s o oo o oo o

10 VALUE = S$FFFE { 10 INPUT VALUE
20 PRINT VALUE ! 20 PRINT VALUE
RUN ! RUN
!
!

-2 ? SFFFE ( operator”s input )
65534

The hexadecimal constants of the source program may
include as many leading =zero”’s as desired, the sole
restriction being that no overflow occurs when the constant
is converted to its internal code. Another rule to be
observed is that an hexadecimal constant cannot be preceeded
by an unary minus. Some more examples are shown below :

valid hex constants ‘invalid hex constants
SAF -SAF
S00000000FFE : S0000.FFE
$8008 $S8008E+06
SBF74 SBG74

2.3.5 Expressions

ot o — S S V. o - - S

An expression is a combination of variable / function
names , and constants separated by operators. There are four
types of operators : arithmetic , 1literal , relational , and
logical operators. Depending on the variable / function
types, and of the operators used in the expression , this
latter will be referred to as an aritmetic , or literal, or
relational , or logical expression. Expressions are fully
discussed in chapter 4. This section simply illustrates the
four types of expressions processed in BASIC-M,

2.3.5.1 Arithmetic expressions

Arithmetic expressions can be formed by combining
numeric variables / functions and constants { the operands of
the expressions ) with arithmetic operators. There are five
arithmetic operators :
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- the "+" operator which implies an addition,

- the "-" operator which implies a substraction,

- the "*" operator which implies a multiplication,
- the "/" operator which implies a division, and

- the """ operator which implies an exponentiation.

The value of an arithmetic expression is obtained by
performing the implied operations on the specified items. For
example, if A=4 and B=5, the value of the expression 3*A+B is
equal to 3%4+45 , i.e 17 . Note that the constant 3 is the
factor by which the variable A only has to be multiplied, and
not the quantity A+B . This is due to the fact that the "*"
operator has precedence over the "+" operator. The user
however, can dictate the flow of calculations by using
parentheses. For instance , the expression 3*(A+B) where A
and B have the same value as before , will result in the
value 27 , because this time , 3 applies to the sum of A and
B .

BASIC-M supports mixed-mode expressions ; in other
words, the operands involved in arithmetic expressions need
not be of the same type. Internal type conversion, resulting
type of an expression, and operator precedence are all
detailed in chapter 4.

Some examples of arithmetic expressions are :

ATN (1) * SO (R)

PI * R * R { spaces are shown for
3.14 * R © 2 sake of readability
TOTAL (X,Y) / AMOUNT only ! )

SIN({X) + DCLOG(Z)

2.3.5.2 Literal expressions

A literal expression is a combination of string
variables / functions , and/or literal constants, with the
concatenation operator "+". The following are valid examples
of literal expressions :

n GOOD " + "BYE ”
TEXTS + CHRS (4)
BUFFERS (3) + "END-OF~LINE"

2.3.5.3 Relational expressions

A relational expression compares the value of two
arithmetic expressions or two 1literal expressions. The
expressions to be compared are evaluated and then compared
according to the definition of the relational operator
specified. According to the result, the relational expression
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is either satisfied (true) or not satisfied (false).

Relational expressions can appear in a BASIC-M program
only as part of an IF or WHEN statement.

The relational operators and their definitions are :

Nt equal

"' or "< not equal

"> greater than

"= greater than or equal
" less than

Pe=" less than or equal

Below are some examples of statements that involve relational
expressions.

IF Angle * PI / 180 < 1.57 THEN Rotate (X,Y)
WHEN Pressure = 150 THEN GOSUB 200
IF AS >= B$ THEN Swap(AS$,B$)

In the above examples, the relational expressions are those
quantities between the key words IF or WHEN , and THEN.

2.3.5.4 Logical expressions

o _— — o —— - 7 2 — " Wit} S ST S T S . . o s i

Logical expressions consist of relational expressions
combined by logical operators using the ordinary rules of
Boolean algebra. For example , the logical expression " A < B
AND C # D " is true if the value of A is less than the value
of B , and if the value of C is different from the value of
D.

The logical operators provided in BASIC-M are :

"NOT" logical expression is true if relational
expression is false, and vice versa.

"AND" logical expression is true if both
relational expressions are true.

"OR" logical expression is true if either

relational expression is true.

Logical expressions can only appear in the IF or WHEN
statements, as presented in the following examples :

WHEN NOT (Pressure < 150) OR Temp >= 273 then Alarm
IF AS < Company_name$ AND A=3 OR B#7 THEN 100

Logical operators hierarchy is also discussed in chapter 4.
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2.3.6 Codes

The BASIC-M language includes several codes, that are
not executed but rather gives the computer information he
needs at execution time. These codes are supplied by reserved
words or special characters. Their main function 1is to
describe a printout format, a disk file organization, or a
data type. For instance , in the following :

10 PRINT USING "[/3]" , A
20 OPEN #98, "STOCK" , I , RAN
30 INTEGER SCRATCH, TEMP

The slash character followed by 3 in statement 10 ,
tells the computer to output 3 line feed characters to the
console prior to printing wvariable A . Similarly, in
statement 20 , I specifies that the file named "STOCK" is to
be opened for input , while the reserved word "RAN" implies a
random access.

This chapter was intended to
describe the organization of a
BASIC-M program , and the main
elements which compose the various
statements. The next chapter goes
into more detail as to the data
types and structures defined in the
language.
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CHAPTER 3

———— - ————— - o -~ — ] - " —— - - -

When a language is evaluated, not only does one have to
look at its statement repertory. The statements just show the
actions that may be taken. Equally important are the data
which can be operated upon by the statements. A data type
determines the set of values which variables and functions of
that type may assume.

BASIC-M includes the standard BASIC data types ( real
and character ), plus two non-standard types ( byte and
integer ) which are frequently used in a microprocessor
environment. This chapter discusses important subjects
related to data types, such as internal representation ,
magnitude of the data, accuracy , type declaration or other
arrangement of data in structures. These concepts are
especially important to those people wishing to interface a
BASIC-M program to assembly-lanqguage subroutines, in that it
describes the format of the argument data.

3.1 Standard BASIC data types

———— - ——— " - " " W P " " - - —_ " {0
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BASIC~-M adheres to the standard convention that any
variable name ending with a dollar sign (S) defines the data
it represents as a character, or string data. In the BASIC-M
language, this convention also extends to the user-defined
functions , either internal or external, and to the library
functions.

The following statements all define character variables
or functions.

Example 3.0 : variables or functions assuming
——————————— the character type.

10 EXTERNAL HEADing$ ADDRESS 1024

20 AS = STRS (A)

30 DEF Catenate$(X$,Y) = XS$ + CHRS(Y)
40 TEXTS = Catenate$ (A$,4)

50 HEADing$ (TEXTS)

A character data consists of 31 ASCII characters, and is
internally coded on 32 consecutive bytes in the following
format :

LAAAAA .... AA
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where :

A stands for an ASCII character.
L is the string length byte, which holds the
current length of the string ( 0 to 31 ).

Character data are left-justified, and the
non-significant ASCII bytes, if any, are filled with blanks.
Example 3.1 illustrates the successive internal coding of a
string variable in the course of program execution.

Example 3.1 : internal representation of

——————————— a string variable
variable LAAA. .. «.+ . .. A
10 AS="MC68" (AS) 4 MC68bbbbb... b
20 BS$="09" (BS) 209bbbbbbb... Db
30 AS$=AS+BS (AS) 6 MC6809bbb... Db
( b stands for blank )

3.1.2 Real data

- - — - — - s’ o o s s

The real type 1is the standard numeric data type. Any
variable name which does not end with a dollar sign and which
has not been explicitly declared via a type declaration
statement, defines the data it represents as a real quantity.
This standard convention also applies, in BASIC-M, to
internal or external user-defined functions.

Some examples of real variables or functions are shown
below. '

Example 3.2 : Real type variables
——————————— or functions.

10 DEF HORIZ(R,TETA) = R*COS (TETA)
20 EXTERNAL PLOT(X,Y) ADDR $E000
30 2 = HORIZ(Radius,30)

40 PLOT(Z,W)

A real data is stored internally on 5 consecutive bytes,
in a floating-point format that permits representation of
null, positive, and negative numbers in the dynamic range
E-38 to E+38 , with an accuracy of 9 digits.

The internal representation is as follows :

Byte O : binary two”s complement exponent

Byte 1-4 : 31-bit, normalized, binary
mantissa in 2°s complement form.
least-significant-bit of byte 4
stores sign.
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The decimal point lies between the exponent
( byte 0 ), and the most-significant bit of
the mantissa ( byte 1 ).

The mantissa is in the range 0 included to
1 excluded.

In this format,

the

bit ) is the complement of the

being the

.75

-.75

24

-24
3.14159265=

W uu

Example 3.15 shows how a
out

written to

values.

a number is considered as normalized
most significant bit of its mantissa ( byte 1 - leftmost
exception

sign

bit ,

the

if

value 0 which is coded as all zero”s. Example 3.3
presents a few internal representations of real data.

Example 3.3 :

00000000
00000000
00000101
00000101
00000010

find

p—

byte 1

11000000
01000000
11000000
01000000
11001001

the

byte 2

00000000
00600000
00000000
00000000
00001111

simple BASIC-M program
internal

3.2 Non-standard BASIC data types
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A BASIC-M variable ( but not a
consist

may

range at execution time,

Byte

line. As

.

coding real numbers

byte 3

00000000
00000000
00000000
00000000
11011010

byte 4

Sign

\
00000000
00000001
00000000
00000001
10101110

can

(.75%32)

be

representation of real

user-defined

function!)

of one byte only. Byte data are 8-bit unsigned
quantities in the range 0 to 255. Should data be outside this

variables
statement which applies to all the
will be seen later, the absolute address of a byte

a runtime error will occur.

must be explicitly declared by the BYTE

variables

of

the

input

variable can be specified via the ADDRESS or ADDR key words.

Byte variable names must not end with a dollar sign

which implicitly defines string quantities ( see 3.1.1 ).

An

example

presented next.

Example 3.4 :

of byte

type

declaration

Byte variables

and

40 BYTE CRTC ADDRESS $EF00, Scratch, Temp
50 BYTE SSDA ADDR S$SEF04
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60 SSDA = 4 \ initialize SSDA
70 CRTC = $12 \ initialize CRTC
80 SSDA = SSDA + 252 \ faulty 11!

Statement 80 will yield a runtime error messagde
since the resulting value of SSDA would be 256,
which is outside the allowed range.

3.2.2 Integer data

Integer variables ( not user—-defined functions ! ) are
16-bit binary signed data in 2”s complement form, internally
stored on 2 consecutive bytes. These variables hold data in
the range -32768 to +32767.

The sign bit is the most significant bit of the 16-bit
data ( first byte, bit #7 , visually leftmost bit ).

Integer variables must be explicitly declared via the
INTEGER statement which is syntaxically similar to the BYTE
statement.

Integer variable names must not end with a dollar sign.

The following statements define and use integer
variables.

Example 3.5 : integer variables

2 INTEGER IRQ Vector ADDRESS SAQ00
4 INTEGER A, B, C
6 C=h+B \ integer add

3.3 Access to individual bits

[RpR TSI ————— — — g G ]

A very handy feature of BASIC-M is that the user may
address each and every bit of a non-subscripted byte/integer
variable, just by specifying its position within the
variable. This greatly eases solving of process-control
applications.

The position of the bit which is to be set, cleared or
tested, within the wvariable 1is specified in a pair of
brackets, as shown in the general form :

VAR][ exp ]
where :
VAR is a byte or integer variable name , and
exp is an arithmetic expression that indicates

the number of the bit to be accessed.
Note that the most significant bit of a byte; respectively
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integer variable corresponds to the number 7, respectively
15, the least significant bit being in both cases bit #0.
Example 3.6 indicates what can be done with bit addressing.

Example 3.6 : bit access

problem : two switches are connected to two
PIA lines, PAO and PAl. Switch on
the led drived from PIA line PA7,
if both switches are not in the
same position. Perform a continuous
monitoring.
( PIA initialization is not shown )

10 BYTE PIA ADDRESS $7004

15 PIa[7] = O \ default to led off
20 WHEN PIA[O] # PIA[1l] THEN PIA[7] =1

Example 3.7 : count the number of bits set
——————————— in the integer variable DEMO

30 INTEGER DEMO

32 COUNT = 0 \ set up counter
34 FOR I = 0 TO 15

36 COUNT = COUNT + DEMOI[I]

38 NEXT I \ study next bit

This example can be applied to byte variables,
for computing the parity of an ASCII character

3.4 Mixing data types in expressions
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BASIC-M supports mixed-mode expressions, that is, the
elements of expressions can differ as to their type. This
holds true also for an assignment statement : both side of
the assignment operator ("=" sign ) need not be of the same
type. However, avoiding mixed types will have a significant
impact on the overall program compactness and speed, since
the compiler will not generate the necessary calls to the
conversion routines. Optimizing compiler output is a subject
covered in chapter 13 ; to give the reader an idea of the
improvement that can be reached , as far as object program
size and execution speed are concerned, let”s consider the
figures shown in example 3.8

Example 3.8 : optimizing program
——————————— size and speed.

The two BASIC-M programs shown below
produce the same result
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10 INTEGER A
20 BYTE B
30 A=B+C-D

10 INTEGER A, B, C, D
20 A=B +C-D

size
speed

37 bytes
1554 cycles

size : 34 bytes
speed : 183 cycles

G gt b G fw g

The example Jjust presented must not be used as a basis
for conclusion, the speed being dependent on the current
value of variables. As a general rule programs that do not
use mixed-mode expressions will produce better results.

3.5 Data structure : the array
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An array is a collection of data elements of the same
data type ( character, real, byte, or integer ) , that can be
referred to by a single name. Arrays can be either one- or
two-dimensional. A one-dimensional array is also called a
vector ; a two-dimensional array is often referred to as a
matrix. A one-dimensional array can be thought of as a row of
successive data items. A two-dimensional array can be seen as
a matrix of rows and columns. Figure 3.1 shows a schematic
representation of both types of arrays.

One-dimensional array named A

A(l) A(2) A(3) A(4)

Two-dimensional array named B

B(1l,1) B(1,2)
B(2,1) B(2,2)
B(3,1) B(3,2)

Figure 3.1 Schematic representation of arrays

Each element in an array is referred to by the name of
the array followed by a subscript in parentheses, which
indicates the position of the element within the array. The
general form for referring to an array element is :

Array name ( rowexp , colexp )

where :
- Array name is the name of the entire array,
- rowexp and colexp are positive arithmetic

expressions whose truncated integer values
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are greater than zero and less than or equal
to the corresponding dimension of the array.

The dimensions of an array and the number of elements in
each dimension are established either implicitly, or
explicitly if the array is declared via DIM, BYTE, or INTEGER
statements.

An array A(N,M) spans NxMxX+2 bytes in data section
(RAM) , and 8 bytes in program section (ROM), where X stands
for the elementary data length in bytes. Thus, the integer
array I(5) occupies 2+5x2=12 bytes of RAM, and the character
array S$(3,4) , 2+3x4x32=386 bytes.

3.5.2 Array declaration
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Byte and integer arrays must be explicitly declared by
using the BYTE and INTEGER statements respectively, whose
general form is as follows :

BYTE Arrl(xl,vl), Arr2(x2,v2), ... , ArrN(xN,yN)
INTEGER Arrl(xl,yl), Arr2(x2,v2), ... , ArrN(xN,yN)

where :

- ArrI are variable names that must not end
with a dollar sign.

- each pair xI,yI defines the maximum number
of elements per row and per column respectively
(yI is omitted for one-dimensional arrays).

- the BYTE or INTEGER key words apply to all
the arrays of the statement line.

= xI must be in the range 1 to 65535 for one-
dimensional arrays.

~ each xI, yI, must be in the range 1 to 255
for two-dimensional arravs.

- the number of dimensions must not exceed 2.

The following are examples of such declarations.
Example 3.9 : declaration of byte and
——————————— integer arrays
valid declarations :

10 BYTE PIA(2), Test Memory(65535), CRTC(18)
20 INTEGER WORD(16,16), Temp(20)

invalid declarationsm:
10 BYTE Cube(2,2,2) \ 3 dimensions

20 INTEGER Mem(0,16) \ 1lst dimension is null
30 BYTE A(10,256) \ 2nd dimension > 255
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3.5.2.2 Declaring real and character arrays

Real and character arrays can be declared either
explicitly by use of the DIM statement or implicitly by a
reference to an element of an array that has not been
explicitly declared.

The DIM statement is syntactically identical to the BYTE
or INTEGER statements described under 3.5.2.1, but the
following rules apply :

- an array name ending with a dollar sign
defines a character array.

- the maximum number of dimensions is two.

-~ one-dimensional arrays may contain up to
65535 (this far exceeds the system memory 1!)

- two-dimensional arrays may contain up to
255 elements per row and per column.

Some examples are shown below.

Example 3.10 : declaring explicitly real
———————————— and character arrays.

2 DIM A$(2,3), TTT(128), LINES$(2)
4 DIM TEXT$(60,2), Float mat(4,8)

array type $ of elements RAM size
AS character 2x3=6 6x32+2=194
TTT real 128 128x5+2=642
LINES character 2 2%32+2=66
TEXTS character 2%60=120 120x32+2=3842
Float_mat real 4%8=32 32x5+2=162

When an array is declared implicitly, by a reference to
one of its elements when its name has not appeared in a prior
DIM statement, it will have the number of dimensions
specified in the reference, and each dimension will contain :

10 elements for real arrays,
5 elements for character arrays.

For example, if no prior DIM statements exists for arrays
named BUFF$ and Values, the statements :

85 1IF Values(3) > 3 * AVerage THEN GOSUB 300

300 PRINT BUFF$(I,4)

will establish a one-dimensional real array "Values"

containing 10 elements, 1i.e 2+5%x10=52 bytes, and a
two-dimensional character array YBUFF$" containing 5x5
elements, i.e 2+25x32=802 bytes i. Omitting array

BASIC-M 3.0 User”s Guide Page 03-08




DATA TYPES AND STRUCTURES 3.5 -- Data structure : the array

declarations may result in a workspace buffer overflow that
would preclude program compilation and execution. Therefore,
the user is strongly recommended to explicitly declare the
arrays.

3.5.3 Arrangement of arrays in storage

One-dimensional arrays are stored in ascending storage
locations. Thus, the array A(8) is arranged in the order :

A(l) A(2) A(3) A(4) A(5) A(6) A(7) A(8B)

Two-dimensional arrays are stored in ascending storage
locations, with the value of the second of the subscript
quantities increasing most rapidly, and the value of the
first increasing least rapidly. Stated another way, arrays
are stored row by row. For example, the array B(3,2)
presented in 3.5.1, is arranged in storage as follows :

B(l,1) B(1,2) B(2,1) B(2,2) B(3,1) B(3,2)

This approach contrasts with the way arrays are stored in
FORTRAN ( column by column ). However, this arrangement is
definitely more consistent and practical when working on
video RAM”s.

3.5.4 Matrix-oriented statements
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BASIC-M includes a set of statements that allow the user
to handle arrays considered as single entities, thus
eliminating the need for operating on the individual elements
of the arrays. Chapter 9 covers entirely this powerful set of
statements. The following example is one among many, that is
presented here 3just to introduce the concept of matrix
re-sizing.

Example 3.11 : Matrix assignment

———————————— Result : copy the elements of
matrix B(2,3) into the matrix
A(4,6)

10 DIM A(4,6) , B(2,3)
20 MAT A =B

3.5.5 Matrix re-sizing

Some matrix-oriented statements dynamically alter the
size of the arrays. In example 3.11 for instance, the
assignment of matrix B to matrix A causes this latter to be
re-sized to the size of B, i.e 2x3. The size of a matrix can
only be decreased from its original size. In other words ,
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the assignment "MAT B = A" would be illegal.

This feature is of benefit in several situations, 1like in
solving linear systems of equations by using matrix
inversion.

3.6 Variable and array address control.
Equivalence.

Variables and arrays are normally assigned storage
locations which are not under user control.

The ADDRESS or ADDR key words provides an easy means to
specify their starting address, and also to achieve the
effect of the FORTRAN EQUIVALENCE statement. The following
are some examples with explanations of what can be done.

Example 3.12 : Initialize a PIA

10 BYTE PIA(2) ADDRESS $8008
20 PIA(L) 1 \ Data Direction Reg set-up
30 PIA(2) 4 \ Control Register set-up

[

Alternate solution :

10 BYTE PIA(2) ADDRESS $8008

20 INTEGER PIA EQU ADDRESS PIA \ equivalence

30 PIA EQU = $104 \ same effect as lines 20
and 30 of previous example

Example 3.13 : display an input string in the
———————————— first line of a video RAM based
at hex address $E000

10 DIM Alpha_mem$(16,2) ADDR $E000

15 BYTE DUMMY ADDRESS S$E0QO0

20 INPUT Alpha Mem$(1,1)

25 DUMMY = $20 \ overwrite string length byte
{ see 3.1.1 ) with a blank

Example 3.14 : erase video RAM
———————————— ( £i11 it with blanks )

10 DIM Alpha mem$(16,2) ADDR $E000
20 BYTE Charac{1024) ADDR Alpha_mem$
30 MAT Charac = SET [32]

alternate solution :

20 INTEGER Word(512) ADDR Alpha_mem$
30 MAT Word = SET [$2020]

Example 3.15 : print the binary internal
———————————— form of a real number.
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10 INPUT A

20 BYTE OVL(5) ADDR A, CURRENT

30 FOR I=1 TO 5

40 CURRENT = OVL(I)

50 FOR J=7 TO 0 STEP -1

60 PRINT CURRENT[J] ; \ print bit

70 NEXT J

80 PRINT

90 NEXT 1 \ next byte
95 GOTO 10

RUN

? -3

0000O0CO010 byte 0 - exponent
01000000 byte 1 - mantissa
000000O0CO0 byte 2 - "
000000O0C0O byte 3 - "
0600000O0O0C1 byte 4 - mantissa + sign
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CHAPTER 4

4.0 EXPRESSIONS

This chapter gives additional information on the
expressions which were already introduced in paragraph 2.3.5.

4.1 Rules for writing arithmetic expressions

The following rules must be followed when writing
arithmetic expressions which contain two or more constants
and/or variables ( for the sake of simplicity, functions will
be considered as variables throughout this chapter ).

4.1.1 Separation of constants and variables
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In regular mathemetic notation, to indicate "A times B",
it is common to write "AB". In BASIC-M, this would refer to a
variable named "AB". In effect, each constant and/or variable
must be separated by an operator to explicitly indicate the
desired computation. Therefore to indicate "A times B", one
should write "A*B",

Arithmetic operators all require two operands. However
the "+" and "-" signs can also be used as positive / negative
operators in two situations :

- following a left parenthesis and preceding
an arithmetic expression.
- as the 1leftmost character in an entire
arithmetic expression that is not preceded
by an operator.

For example :

~A+(-B) and B-(-C) are valid
A+-B and B--2 are invalid

4.1.2 Separation of arithmetic operators

Two or more arithmetic operators can never appear in
sequence in an arithmetic expression. For example , to
indicate "A times the negative value -3", the expression
cannot be written as "A*-3" but should be written as
"A*(-3)", This illustrates how parentheses can be used to
separate arithmetic operators. Other uses of parentheses are
discussed next.

Note that the FORTRAN operator "**", expressing an
exponentiation, is not supported in BASIC-M, nor does the
language support bitwise operators. Logical AND, inclusive
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OR, exclusive OR, and shift operations are all performed by
using built-in functions.

4.2 Order of evaluation of arithmetic expressions

The order of computation of arithmetic expressions is
based on the hierarchy ( or precedence) of the operators
involved. Evaluation is performed from 1left to right
according to the hierarchy shown below.

hierarchy Operation
st parenthetical expressions
2nd unary minus
3rd exponentiation
4th multiplication and division
5th addition and subtraction

In other words, the hierarchy goes from what might be
considered the most difficult to the least difficult, as is
illustrated in example 4.0.

Example 4.0 : operator hierarchy.

Assuming A, B, and C have been
assigned the values -1, 9, and 3 respectively,
the computation of the expression ~-A"2+B/C*4
is performed as follows :

-A"24+B/C* A4 17 2+9 /3 * 4
1 +9 /3 * 4
1 + 3 * 4
1 + 12
13

Parentheses may be used to dictate the order in which
calculations are to be performed and to alter the lower three
levels of hierarchy. For example, suppose you desire to add A
to B and then triple the sum. Instead of writing :

[
on
bl

+ B
* 3

A* 3 +B * 3

0
"
03
]

you could write
Z=(A+B) * 3
Note that the use of parentheses reverses the normal levels

of hierarchy since the computer will first add and then
multiply. If the programmer has any doubt as to the order of
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evaluation of expressions, it is suggested that parentheses
be wused. Unnecessary parentheses do not affect at all the
execution time of a program.

4.3 Mixed-mode arithmetic expressions
Impact on program size and speed
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As already mentioned in paragraph 3.4, mixed-mode
expressions are allowed in BASIC-M. In normal cases, the
programmer does not have to bother about the types of the
variables and/or constants of the expressions. This is
especially true when running a program that meets the BASIC
standards. However, BASIC-M makes provision for unique data
types discussed in chapter 3. Using these types can result in
drastic improvements of the object code size and execution
speed, as reflected in the sample program below.

Example 4.1 : object code size and speed
----------- improvement by avoiding
mixed-mode expressions.

The two programs shown below produce
the same result,

Program A Program B
5 BYTE Y
10 DIM B(5,5) 10 INTEGER A,B(5,5) ,X,Y,Z,W
20 A=B(3*X+Y,Z/W) 20 A=B($3*X+Y,7Z/W)
Prog B Prog B
code size —==-=- = 0.87 ‘exec. time —=—--- = 0.34
Prog A Prog A

These improvements are due to the fact that variables
appearing in program B are all defined as being of the same
type. Likewise, the constant 3, written as an hexadecimal
constant $3, defines an integer constant. Therefore the
elements of the expression of line 20 are all integers, and
the compiler will not generate any call to type conversion
routines. In addition to that, the expressions representing
subscript quantities are already of the integer type, which
is the type expected by the compiler. Should the result of
the expressions be of the real type, the compiler would have
generated a call to a real-to-integer conversion routine,
resulting in a larger code size and lower execution speed.
The following is the code generated by the compiler for
addressing an element A(X+Y) of a vector A, given two
situations.
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Example 4.2 : code generation for addressing
——————————— the element A(X+Y) of a vector

1/ X REAL 2/ X,Y¥ INTEGERS
Y BYTE
LDX #X LDX #X
JSR LF JSR LI
LDX #Y LDX #Y
JSR LB JSR LI
JSR BTOF JSR IADD
JSR FADD LEAX A,PCR
JSR FTOI JSR INDEX
LEAX A,PCR
JSR INDEX

LF , LB, and LI are runtime routines that load onto the
MC6809 User Stack a real, byte and integer data
respectively addressed by the X-register.

BTOF and FTOI are runtime conversion routines to convert
stacked data from byte-to-real and real-to-integer
respectively.

FADD and IADD perform the addition of two real and
integer data respectively on the User Stack.

INDEX returns in the X-register the address of the
element in matrix A whose subscript is the 16-bit 1last
stacked data. The information that pertains to matrix A (
number of dimensions, size of dimensions, element size,
absolute start address, and dynamic size word address )
is stored in the program section ( rom-able object code
section ), hence the use of the program counter relative
addressing mode to access it in a fashion that preserves
position~independence.

This section describes the benefits of avoiding
mixed-mode expressions, and of using only the compiler
default types ( for instance, subscripts default to the
integer type ). The next paragraph discusses the data type of
the results of arithmetic expressions. Because expressions
may include built-in functions ( SIN, SQR, MOD, ... etc. ) ,
it is also worthwhile to know their data types, along with
the default type of the arguments. This information is given
in chapter 13.

4.4 Data types produced by arithmetic expressions

The type of the result of an arithmetic operation
depends upon the type of the two operands ( primary )
involved in the operation. The table below gives the
correspondence between the type of the result and the type of
the primary, assuming an expression of the form :

Priml oper Prim2
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where Priml, Prim2 represent the
the types of the two primaries (variables
or functions ), and oper is either one of
the operators : +,-,%,/,".

Priml \ Prim2 ! byte ! integer ! real
byte ! byte ! integer ! real
integer ! integer ! integer ! real
real ! real ! real | real
NOTES

Numeric constants are always real, except
if preceded by a dollar sign which implies
an hexadecimal constant further regarded
as an integer.

At least one of the primaries involved in

an exponentiation must be of the real type.
The result type of an exponentiation is then
always real. A positive value can be raised
to any value, whereas a negative value can
only be raised to an integer number (one
whose fractionary part is null).

When division is applied to two bytes or
integers, the answer is truncated and a byte
or integer result respectively is produced.
For example, if. A=5, B=2, and if A and B
are bytes or integers , then the expression
A/B would yield a result of 2.

4.5 Literal expressions
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As defined earlier in chapter 3, literal expressions are
those quantities containing two or more of the following
elements :

- character variables,

- character constants,

- character user-defined functions, and/or
- character built-in functions,

separated by the concatenation operator "+".

All the character elements mentioned above contain a maximum
of 31 ASCII characters, except the character constants which
are only limited in size by the input 1line length (80
characters). Example 4.3 illustrates some uses of literal
expressions. ‘
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Example 4.3 : literal expressions

10 A$="H"
20 B$="E"
30 C$="L“

40 DS$=CHRS$(79) \ ASCII "O"
50 IF INPUTS < REFS$ THEN 80
60 PRINT "GO TO ";AS$+BS+CS+CS
70 GOTO 320

80 PRINT AS+BS4+CS$+CS$+DS

90 GOTO 300

When character data appears in a relational expression ( as
is the case in line 50 of the previous example ), it is
evaluated according to the sequence of the ASCII codes ( see
Appendix A ), character by character, from left to right.
Thus , the following relational expressions would all be
satisfied :

"ABCY = “"ABC"
"ABCDEF" < "ABCEEF"
"ABcd" > "ABCD"

n AB ” > " l 2 "

When character operands of different length are compared, the
shorter operand is considered to be extended on the right
with blanks to the length of the longer operands. Thus, when

comparing "AB " to "ABC", one effectively compares the
strings "ABb" and "ABC", where b stands for the blank
character. Likewise, "ABC "="ABC".

4.6 Evaluation of logical expressions

Unless you change the order in which logical operators
are applied to their logical operands by using parentheses,
high-precedence logical operators are applied before
low-precedence logical operators, and equal-precedence
operators are applied from left to right. The precedence of
the logical operators is shown in the following table.

Logical operator Precedence
NOT ! high
AND ! low
OR ! low

The logical expression :

NOT( A < B)y ORC # D , is true if
A is greater than or equal to B, or if
C is different from D.

The logical expression :
C=DORES=PFAND G=H , is true
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either if the values of C and D are equal,
or if the values of E and F are equal and
the values of G and H are equal.

The logical expression :
(C=DORE=F ) ANDG=H , is true

if G equal H, and if either C equals D or
E equals F.
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This chapter discusses the statements

most

frequently used in a BASIC program. More advanced statements,
those unique to BASIC-M, are described in subsequent chapters

of the manual.

5.1 The LET statement

General form : LET variable = expression

Purpose : used to assign or
variable.

Comments : the assignment operator

value of a

"takes the

value of", rather than "equals". Therefore, it

is possible to write :

10 LET I =TI + 1

which is interpreted as take the
value of ( the current value of ) I , plus 1".
The variable and expression on the
right-hand side of the "=" must represent both
numeric quantities, character
quantities. In the former case, variable

and the expression

not be of the same

numeric data type. Below are three examples of

the LET statement :

15 LET PI = 3.14

20 LET Message$ = "HELLO" + CHRS (4)
25 LET A = B$ + C$ \ INVALID EXAMPLE

The word "LET" can

in an

assignement statement. These two statements :

30 LET A + C
B

=B
35 A = + C

mean exactly the same.

5.2 The REM statement

General form : REM any series of characters
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Purpose : Allows insertion of a line of comment in the
listing of a program.

Comments : REM 1lines are ignored when the program is
executing. They are solely for information and
make your programs easier to work with, and
easier for other people to use.

As discussed under 2.3.1, an alternate method
to insert comments 1is to append them at the
end of a statement 1line, right after the
backslash character.

Example 5.0 : 50 REM Initialize variables
60 LET A = 1.414 \ Square root of 2

5.3 The READ, DATA, and RESTORE statements

The assignment statement is often used to initialize
variables to specific values. The DATA and its associated
READ and RESTORE statements provide an alternate solution for
initializing variables, and result in fewer lines of program.

General form : DATA cstl, cst2, ..., cstN
READ varl, var2, ..., varN
RESTORE

where :

cstl, cst2, c¢stN denote numeric or string
constants, and varl, wvar2, varN identify
numeric or string variables.

Purpose : The DATA statement causes values to be placed
in an internal data table, sequentially, i.e
in the order in which they are entered. There
may be several DATA statements in a program.
For instance, the following :

20 DATA 3.14, $AA, "HELLO", 22, -6.28
is equivalent to the set of lines :

12 DATA 3.14, S$SAA
14 DATA "HELLO",22, -6.28

Once the values are in the data table, they
can be assigned to variables by using the READ
statement, as illustrated below :

30 READ PI, PATTERN, MESG$, N, REF

Note that the previous 1line is functionally
equivalent to the following set of assignments
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25 LET PI = 3.14

30 LET PATTERN = S$AA
35 LET MESGS$ = "HELLO"
40 LET N = 22

45 LET REF = -6.28

The READ statement locates the values in the
data table sequentially and assigns them, in
order, to the variables. This can be done via
several READ statements, not necessarily a
single one. For example, the READ statement
shown before can be split in two, as
illustrated next :

100 READ PI, PATTERN

would cause the first two constants in the
table to be assigned to PI and PATTERN
respectively. Another READ statement would
take up where the last one left off. Thus :

110 READ MESGS$, N, REF
would complete the assignment.

If you wish, you can use the values in the
data table more than once. At any point in a
program, one can instruct that values be
assigned from the beginning of the table
again, even all the values in the table have
not been read. The RESTORE statement is used
to point back to the beginning of the table.

Comments : . Care must be exercised so as not to read
more values than the table contains. This
would result ‘in a runtime error.

. DATA statements need not be grouped
together: any statement 1line can be placed
between two DATA statements.

. DATA statement(s) can be located anywhere,
even after READ statement(s).

. A number is converted to a string ( free
format ) if assigned to a character variable.
. If a string value is assigned to a numeric
variable an attempt is made to convert it
prior to assignment ( see STRS and VAL
built-in functions).

6

Example 5.1 : 10 DATA 1,2,3,4,5,
A=1, B=2, C=3

4
¥

20 READ A,B,C \
30 READ D \ D=
40 RESTORE

50 READ G,H \ G=1, H=2

[

4

5.4 The console INPUT statement

- —— " " 1 VT U - " 1O W " . N - s —— W - - D — = — =
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General form : INPUT varl, var2, ..., varN

Purpose : assigns values input from the console to
variables. Unlike the LET and READ statement
which both allow the supply of constant values
to variables ( wvalues that must be known when
the program is prepared ), INPUT waits until
the program is running before actually
supplying these values.

Comments : When an INPUT statement 1is encountered, the
program comes to a halt, and a question mark
is output to the console. The program does not
continue execution until the input wvalues have
been all entered and assigned to the variables
listed in the INPUT statement. Each line of
input data must be terminated by a carriage
return, and the data must be separated by a
comma or a space. A question mark is printed
on the console when more values are required
to satisfy an input statement.

Should more values be entered than implied by
the INPUT statement , extra ones are merely
ignored.

Control codes :The following three control codes are
provided for editing an input data line :

RUBOUT deletes the last entered character
CTRL~-H has the same effect as RUBOUT
CTRL-X deletes the whole input line.

Break : As mentioned before, the ? character continues
to be printed after each response until enough
numbers are typed in. Should the user desire
to abort the INPUT statement , he may enter an
exclamation mark (Y. This causes the
variables, that were not vyet supplied with
values by the INPUT process, to stay at their
current values. For example , given the
.Statement :

10 INPUT A,B,C,D
and the following input lines :

22 $44 (carriage return)
! (! is typed in by operator)

VY]

the values 22 and $44 will be assigned to A
and B respectively, whereas the current values
of C and D will remain unchanged.

Entering strings : The previous example shows an input
line where the input data are separated by a
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space character. Neither the space nor the
comma however can be used as a delimiter when
entering character data, since these two
characters can be embedded in a literal. If
several literal constants are to be entered on
the same input line, one must use delimiting
quotes. Thus, given the statement :

100 INPUT AS,BS
If the input line looks like :
? THIS IS

the string "THIS IS" will be assigned to AS,
whereas :

? "THIS" “IS"
will assign "THIS" to AS$, and "IS" to BS.

If quotes are not used to delimit the string
values, the first 31 characters typed in are
put into the first string variable, the next
31 characters in the second variable, ...,
etc; the last variable assigned 1is truncated
to the remaining number of characters in the
line.

Error checking : The INPUT statement checks for valid
data. Should an erroneous data be entered, an
error message is printed and the operator is
requested to re-enter the values from where
the error was detected. For instance, if as a
response to the statement :

50 INPUT A, B, CS$
one enters the following :
? 3 "HELLO" "enter"

RETYPE FROM ARROW
?

the wvalue 3 assigned to A 1is preserved,
whereas one must re-enter the wvalues for B
(that was erroneously assigned a string
value), and for CS.

Input prompt : Since a BASIC program can contain several
INPUT statements, one has to keep track of
which one 1is being executed. This may be
solved by preceeding the INPUT statement with
a PRINT statement, or better, by specifying an
input prompt in the INPUT statement itself.
The prompt will be automatically displayed
when the associated INPUT statement becomes
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active. The input prompt is specified as a
literal constant that follows the INPUT key
word, as illustrated below :

10 INPUT "enter coordinates ", X, Y

RUN
enter coordinates ? 312 256

5.5 The PRINT statement -~ simple form.

This paragraph discusses the simplest form of the PRINT
statement, the one used to output data in free format to the
system console or line printer. Formatting data via the PRINT
USING statement, and saving data onto a diskette file are
described in separate chapters.

General form : PRINT #LU expl dell ... expN delN
where :

- LU is an expression yielding a logical unit
number in the range 0 to 255. If LU=0 or LU=1,
the printout occurs on the console ; if LU=2,
the printout is directed to the system line
printer; if LU > 2 , then the operands are
saved onto a diskette file. The logical unit
specification 1is optional (#LU). If not
present, the printout is directed to the
system console.

- expl, ..., expN are arithmetic or 1literal
expressions whose values are printed to the
logical unit.

- dell, ..., delN are PRINT delimiters, that
affect how spacing is to be performed between
the printed values. Either one of the
characters wn or ":" can be used as
delimiters. In addition, the last delimiter
delN can be omitted.

Purpose : The PRINT statement causes the values yielded
by the expressions expl, ..., expN, to be
converted to a readable form and printed onto
the system console or line printer. The values
are printed in the order in which they appear
in the operand list.

String printout : Character values are printed as the
ASCII equivalent of the string contents, i.e.,

BASIC-M 3.0 User”s Guide Page 05-06



BASIC-M SIMPLE STATEMENTS 5.5 -- The PRINT statement - simple form

"STRING" is printed as STRING.

Numeric printout : Numeric values are printed in either
of the following forms :

1/ sign d4.ddddddddE esgn xx

if the magnitude of the number is greater than
2 raised to power 29 ( appr. 5.3687E+08 ), or
if the magnitude of the number is less than 2
raised to power -4 ( .0625).

The ~ digit d to the left of the decimal point
is always different from zero ; trailing zeros
are suppressed ; esgn represents the exponent
sign ; xx represents a two-digit exponent. The
printed form corresponds to a value of (sign
d.dddddddd) * 10 raised to power (esgn xx).

2/ sign ddddddddad

if the value is an integer whose magnitude is
less than 2 raised to power 29 ( appr.
5.3687E+8) , sign is a "-" sign if the number
is negative ( otherwise this position is
omitted ), and ddddddddd are digits with
leading zeros stripped off printout.

3/ sign dddd.ddddad

if none of the previous conditions describe
the value; a maximum of 9 digits are printed
in this form; "." represents the decimal point
and may be anywhere within the digit string ;
leading and trailing zeros to the right of the
decimal point are suppressed.

Delimiters : Field separators may be either "," or : .

The comma causes tabbing between printed
fields; it forces the terminal to space to the
column such that the column number modulo 20
is one ; stated another way , there are column
boundaries at 21,41,61, ..., etc.
The semicolon causes a space to be printed if
the value to its left is numeric ; if the
value to its left is a string , the semicolon
prints nothing. Below are some examples of
printout :

Example 5.2 : Effect of PRINT delimiters.

10 Pi=3.14
20 Ss$="good"
30 T$="bye"

40 PRINT Pi;S$,T$

BASIC-M 3.0 User”s Guide Page 05-07




BASIC-M SIMPLE STATEMENTS 5.5 —-— The PRINT statement - simple form

50 PRINT S$;T$,Pi,2*Pi
60 PRINT 2*Pi;Pi

RUN

3.14 good bye

goodbye 3.14 6.28
6.28 3.14

coll col2l coldl

Normally , the PRINT statement causes a set of
values to be printed, and then, a new line to

be started. The new line start may be
suppressed by ending the PRINT statement with
a ":;" or "," ( which have the same meaning as

above ). Further printing by other PRINT
statements will then occur where the
unterminated PRINT left off. In other words,

10 PRINT X,Y,
20 PRINT %,W

is equivalent to :

30 PRINT X,Y,Z2,W

A PRINT statement with no print fields simply
causes an empty line to be sent to the logical
unit,

TAB function : A print field may contain TAB( arithmetic
expression ) instead of a literal or
arithmetic expression . This causes the
terminal to space until the column specified
by the argument value of the TAB function is
reached . If the argument value specifies a
column less than the current position of the
print head ( or screen cursor ), nho spaces are
produced. Note that TAB(exp) must be followed
by a n;".

The example shown below will cause a sine
curve to be printed onto the system line
printer ( LU = 2 ).

Example 5.3 : Drawing a sine curve.
160 T =0
20 PRINT #2 TAB{ 50 + 50 * SIN(I)); SIN(I)

30 T =1 + .25
40 GOTO 20 \ print for ever ...

5.6 The DIGITS and LINE statements
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General form : DIGITS = arithmetic expression
LINE = arithmetic expression

Purpose : DIGITS causes the number of digits specified

by the expression to be printed in the
fractionary field of a numeric value . If the
expression happens to be null , then the
printout format is as described under 5.5.
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