


















































































































































































































































3. A character array may not be used in a
MAT statement., Therefore, a character
array cannot be re-dimensioned.

4. A character array may be referenced by
one and only one subscript.

2.2.3 Expressions and Operators. An
expression is a representation of a value.
A single constant or a variable is an
expression. Constants, variables, and
function references may be combined with
operators and parenthesis to form an

expression. Three forms of expressions are
defined for BASIC: scalar, array, and
relational. The result of the evaluation

of a scalar expression is a single value --
a scalar. A scalar expression may be
either an arithmetic expression or a
character expression. The result of the
evaluation of an array expression is a
collection of values -- an array. A
relational expression is used only in the
context of an IF statement and results in a
true or false value.

2.2.3.1 Character Expressions. A character
expression may be composed of a character
variable, character array member, or a
character constant.

In all operations with character
constants, except for output via PRINT or
PRINT USING statements, character constants
containing fewer than 18 characters will be
blank padded on the right to 18 characters.
A character constant containing more than
18 characters will be truncated on the
right to 18 characters. Character
constants containing no characters, a null
character string, will be interpreted as 18
blank characters.

Character constants in PRINT and PRINT
USING statements are processed with a
length defined by their enclosing quotation
marks with no truncation or padding.

2.2.3.2 Arithmetic Expressions and
Operators. An arithmetic expression may be
an arithmetic variable, arithmetic array
member, constant or function reference, or
a series of the above separated by binary
operators and parentheses and preceded by
.unary operators. A discussion of function
references, which may only be arithmetic,
will be found in Section 2,2,5.

2.2.3.2.1 There are five binary operators,
two unary operators and the right and left
parentheses. The evaluation of an
arithmetic expression is performed left to
right with the priority of various
operators defining the order of evaluation.
The priority of operators will be defined
later.
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The five binary arithmetic operators
are:
** or ¥ exponentiation (either form of the
operator is acceptable)
multiplication
division
addition
subtraction

I+ N\ #*

The two unary operators are + and -.

Special cases for the arithmetic
operators and the resulting action are as
follows:

Exponentiation: AtB or A**B is defined as
A raised to the B power.

1. If A=B=0 an error will occur.
2. If A=0 and B<0 an error will occur.

3. If A<O and B is not an integer, an
error of "a negative number to a
fractional power" will occur.

4. If A+0 and B=0, AtB is evaluated as 1.
5. If A=0 and B>0, AtB is evaluated as 0.

Multiplication and Addition: A#*B and A+B,
multiplication and addition respectively,
are both commutative (i.e., A*B=B*A and
A+B=B+A), but are not always associative
due to low-order rounding errors (i.e.,

A* (B*#C) does not necessarily give the same
results as (A*B)*C),

Division: A/B is defined as A divided by
B. If B=0, an error "division by zero"
will occur.

Subtraction: A-B is defined as A minus B.
No special conditions exist.

The + and - signs may
Unary

Unary Operators:
also be used as unary operators.

operators may be used in only two
situations:

1. Following a left parenthesis and
preceding an arithmetic expression, or

2. As the leftmost character in an entire
expression which is not preceded by an
operator.

For example:

-A+(-(Bt(-2))) is valid.
A+-B or B*-2 is invalid.

2¢24342.2 Priority of Arithmetic Operators.,
An expession is evaluated
operation-by-operation, from left to right.
The priority of the operators in an



expression will determine the order of
evaluation.

Operators Priority
t or ** Highest
unary +, unary - l

*, /

binary +, binary - Lowest

An arithmetic expression is evaluated in a
left to right order. The ¢rder of
evaluation of an expression is determined
as follows:

1. Since an operand may appear to be
concurrently an operand to two
operators, the priority of operators
determines to which operator an
operand is associated for purposes of
evaluation. This requires that the
two operators in question (if both
exist) be compared in terms of their
priority. The operation defined by
the operator of the highest priority,
of the two being compared, is
performed first to reduce a
subexpression (operand-1 operator
operand-2) to a simple reference to
data. Note that a subexpression for a
prefix operator is "operator operand."
If the operators are of equal
priority, the operation defined by the
operator on the left is performed
first,

2. An operand may be:

a. A constant,

b. scalar reference,

ce. array reference,

d. intrinsic function,

e. user defined function,

f. parenthetical subexpression.

When the decision of which operation is to
be performed first, using Rule 1 above, the
operands are accessed and reduced to simple
references to data prior to the execution
of the operator. The operands are accessed
and reduced to simple references in a left
to right order,

2.2.3.3 Array Expressions. Array
expressions are composed of operations
which are performed on the entire
collection of members of an arithmetic
array. Arithmetic array expressions
consist of unary or binary operands.

A unary array expression may have one of
the following forms:

A An array itself

ZER Zero array function

CON Unity array function

IDN Identity matrix function
INV Inverse matrix function
TRN Transpose matrix function

A binary array expression may have one
of the following forms:

A+B Sum of two matrices
A-B Difference of two matrices
A*B Product of two matrices

(e)*A Product of the scalar value of e
and the matrix A

Matrix multiplication, the inverse
function, the transpose function, and the
identity function are restricted to
two-dimensional arrays only.

The definition of the preceding
operations is as follows:

Terminology: Let A (m,n) represent an
array with dimensions m rows and n columns.
A (i, Jj) represents the member at the ith
row and jth column in A.

Array Assignment

For A (myn), the array B = A is an (m,n)
array such that

B (i,9) = & (i,

for i = 1,2,eeem
J = 1,2,e0en

or

For A (m), the array B = A is an (m) array
such that

B (i) =2 (1)

for i =1,2,se.m

Matrix Addition

A+B
For A (m,n) and B (m,n), the array
C=A+ B is an (m,n) array such that
C (i,j) = A (i,3) + B (i,3j)

for i = 1,2....“\
J=1,2,ceen
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or Zero Array

For A (m) and B (m), the array C = A + B is

an (m) array such that ZER( (e, [,e21)]
C (i) = A (i) + B (1) An array A (m,n) such that
for i = 1,2,..m A(i,j) =0
for i = 1,2,...m
J = 1,2,e0en
Matrix Subtraction : or

An array A (m) such that

A-B
A (i) =0
Same as Matrix Addition except that the for i = 1,2,eeem
operation is subtraction.
Unity Array

Matrix Multiplication

CONi(e,[,e21)1
A*B
Same as Zero Array except that each member
equals 1.
For A (p,m) and B (m,n), the array
C=A* B is a (p,n) array such that
Identity Matrix

m
c (i,j3» = Z A (i,k) * B (k,3)
k=1 IDN[(e;[,e11)1]
for i = 1,2,...P . A square array A (m,m) such that
j = 1'2'co‘n
A(i,j) = 0
for i = 1,2,...m
j = 1.2,.-.“\
Scalar Multiplication
and i # j
(e) *A A(i,j) = 1
For A (m,n) and r the value of the for i = j
expression e, then B = (e) * A is an (m,n)

array such that
Inverse Matrix

B (i,§) = r *# A (i,9)

142,ecem INV(A)

for i
j 1.2'-.111

J

For the square array A(m,m), the inverse
or array of A (if it exists) is the array
B(m,m) such that
For A (m) and r the value of the expression

e, B = (e) *# A is an (m) array such that A*B = B¥A = 1
B (i) = r * A (i) where I is an m by m identity matrix.
for i = 1,2,...m The above relationship is approximately
true since internal precision may not yield
The expression, e, is evaluated only exactly an identity matrix.
once, and the result, r, is used throughout
the rest of the evaluation of the Not every matrix has an inverse; matrices
statement. that do not are called "singular." The
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function DET may be used to evaluate the
determinant of a square array. A singular
matrix is one for which the determinant is
zero., An attempt to evaluate the inverse
of a singular matrix will result in an
error.

Transpose Matrix

TRN(A)

For A (m,n) the transpose matrix of A is
the (n,m) array B such that

B (j,i) = A (i,7)

for i = 1,2,...m
3 =1,2,...n

2.2.3.4 Relational Expressions. Relational
expressions are of the general form:

el relational-operator e2

The semantic of a relational expression
is that the expression is either satisfied
(true) or not satisfied (false). The
relational operators are binary and are
defined as:

Operator Definition

= Equal

<> or # Not equal

>= or Greater than or equal
<= or < Less than or equal

> Greater than

< Less than

Two forms of relational expressions are
allowable in BASIC, arithmetic and
character. The expressions el and then e2
are evaluated and their values are compared
according to the definition of the
relational operator used. The evaluation
of the entire relational expression results
in the expression being either satisfied or
not satisfied.

2.,2.4 Statements. The definition of the
BASIC statements is presented in this
section grouped according to their

functions. The following classes of
statements exist in BASIC.

1. Descriptive
2, Input/Output
3. Data Movement and Computational
4; Control
These classes are defined solely for the

convenience of presenting the BASIC
statements, and in a few cases, the choice

of class is arbitrarily chosen for a
particular BASIC statement.

In the following descriptions of the
individual statements, the syntactical
definition is stated without the required
preceding statement number and the
following carriage return.

The program is considered to be ordered
with respect to statement numbers in
ascending numerical order. The phrase
"previous statement" refers to the
statement with the next lower statement
number, The phrase "next logical
statement" refers to the statement with the
next higher statement number. A program is
executed in the logical order (i.e., in
ascending sequence of statement numbers)
unless that order is modified by the
execution of a GOTO, GOSUB, IF, or RETURN
statement.

2.2.4.1 Descriptive Statements. BASIC has
two statements which are referred to as
descriptive statements:

DIM is used to explicitly dimension an
array
DEF is used to define a user function

2.2.4,1.1 DIM Statement

Syntax

DIM array-dimension-specification
[,array-dimension-specificationl...

Description

The DIM statement is non-executable and is
used to explicitly define array sizes.
Arrays of one or two dimensions can be
defined; there is no limitation on the size
of an array . other than the availability of
storage. Indexing begins at 1 for each
dimension,

DIM statements may appear anywhere in a
program, but an array name cannot appear in
a DIM statement after (i.e., according to
an ascending logical sequence of statement
numbers) it has either been defined
implicitly or explicitly. 1If a subscripted
variable is used without being defined in a
DIM statement, the processor automatically
defines an array with the appropriate
number of dimensions of ten members each.
An array must either be defined implicitly
or explicitly in a DIM statement before its
use in a MAT statement. (See Section
2.2.2.1.3 for a detailed description of
dimensioning rules.) A MAT statement may
redimension an array only through the ZER,
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CON, IDN functions, and the MAT INPUT, MAT
GET, MAT READ I/0 statements.

2.2.,4.1.2 DEF Statement

Syntax

DEF FN alphabetic-character
(arithmetic-variable) =
arithmetic-expression

Description

The DEF statement is non-executable and is
used to define user functions. A user
function is called in other statements in a
similar manner as the intrinsic functions
(see Section 2.2.5.2). When used in an
executable statement, the function name, FN
alphabetic-character, is specified followed
by an arithmetic expression in parentheses.
When the function is called, the value of
this argument is substituted for any
appearance of the dummy variable in the DEF
expression. This dummy variable is the
variable name given as the argument in the
DEF statement. The use of a variable name
in a DEF statement does not assign any
value to the variable name used. The
evaluated arithmetic value of the
expression is returned to the calling
expression to replace the user function
reference in the expression.

The function cannot contain references to
itself or to other functions which
reference it. Function references may not
be recursive at any level. A DEF statement
can appear anywhere in a program, and the
function may be referenced anywhere within
a BASIC programe.

2.2.4.2 Input/Output Statements.
Input/output statements are used to
transmit data to a program for processing
and from a program after processing. Input
data may be transmitted to a program
internally (READ), extermally from an
interactive terminal (INPUT), or externally
from an on-line storage device (GET).
Output data may be transmitted from a
program externally to an interactive
terminal (PRINT or PRINT USING) or to an
on-line storage device (PUT).

Input/output statements are of two
forms:

l. A simple form which performs I/0 upon
scalar values and lists of scalar
values.

2. A complex form which performs I/0 upon
arrays. The syntax of this form is
the simple form prefaced with the
keyword MAT.
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The input/output statements are:

Simple Form Complex Form

GET MAT GET

INPUT MAT INPUT
PRINT MAT PRINT
PRINT USING MAT PRINT USING
pPUT MAT PUT

READ MAT READ

The internal file statements are:
DATA
RESTORE

The external file control statements
are:

RESET
CLOSE

Input/output statements are further
classified and described in terms of the
three modes of I/0 they perform.

1. I/0 of internal files

2. 170 of interactive terminals

3. 1I/0 of on-line storage devices
2.2.4,4,1 Internal File I/0 Statements.

The internal file I/0 statements in BASIC
are:

DATA to create an internal data
file.

RESTORE to position the data file to
its beginning.

READ to assign the values of the

MAT READ data file to variables or

arrays.

2.2.4.2.,1,1 DATA Statement

Syntax
DATA constant [,constant]...

Description

DATA statements are non-executable and are
used to create a data file, internal to the
program that can be used to initialize
variable references in READ statements
during execution. They can be placed
anywhere in the program, but the logical
order of the DATA statements in a program
determines the order of the values in the
data file. All DATA statements in a
program are collected into a single data
file



2¢2,84.2.1.2 READ Statement

Syntax

READ variable-reference [,variable-
referencela..

Description

At the beginning of execution of a program,
a pointer is set to the first value in the
data file, if one exists. When a READ
statement is encountered, successive values
from the data file are assigned to the
variables in the READ statement beginning
at the current data file position. The
execution of a READ statement is in error
if there are no DATA statements in the
program,

Each data value read must be of the same
type (character or arithmetic) as the
variable to which it is assigned. If the
data file is exhausted and unassigned
variables remain in the READ statement, an
error results. Subscripts in READ
statements are evaluated as they occur.
(Thus, an assigned variable reference in a
READ statement may be subsequently used as
a subscript in that statement).

Truncation will occur if the arithmetic
data exceeds the implementation supported
precision. Zero fill will occur if the
arithmetic data is less than the
implementation supported precision.

2.2.4.2.1.3 RESTORE Statement

syntax

RESTORE [string-character]...

Description

The RESTORE statement resets the DATA
pointer to the first value in the data
file." The RESTORE statement is ignored if
there are no DATA statements in the
program. The string characters following
the keyword RESTORE is simply a comment.

2.2.4.2.1.4 MAT READ Statement

Syntax

MAT READ arithmetic-array-reference
[,arithmetic-array-referencel...

Description

The array references in the MAT READ
statement are assigned values from the data

file by rows, beginning at the current data
file position. Array references previously
must either have been implicitly defined or
explicitly defined by a DIM statement. If
the optional expressions follow the array
names, the truncated integer portion of the
expressions is used to redimension the
arrays before the values are assigned.
Redimensioning must not change the number
of original dimensions nor exceed the
number of original members.

At the beginning of execution of a program,
a pointer is set to the first value in the
data file, if one exists, When a MAT READ
statement is encountered, successive values
from the data file are assigned to the
arrays in the MAT READ statement.

Each data value read must be arithmetic.
If the data file is exhausted and
unassigned arrays or array members remain
in the MAT READ statement, an error
results.

Conversion of arithmetic input is a
function of the precision specification (S
or L) which is employed during execution.
This implies that all arithmetic data which
is read is either truncated or zero padded
to appropriate precision specification (S
or L), if required, prior to assignment to
internal variables.

The pointer may be reset by executing the

RESTORE statement. The MAT READ statement
is invalid if there are no DATA statements
in the program.

2.2.4.2.2 Interactive Terminal I/0
Statements. The interactive terminal 170
statements in BASIC are:

INPUT to input data into a
program from a terminal to
be assigned to variables.
MAT INPUT to input data into
arithmetic arrays within a
program from a terminal.
PRINT to output data to a
terminal.

MAT PRINT to output values of
arithmetic arrays to a
terminal.

PRINT USING to output formatted data to
a terminal,

MAT PRINT
USING

to output formatted values
of arithmetic arrays to a
terminal.

This group of statements is referred to
as interactive terminal statements because
they either request data to be supplied, or
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they generate printed output back to the
user at execution time.

2.2.4.2.2.1 INPUT Statement

Syntax

INPUT variable-reference [,variable-
referencel... .

Description

Execution of an INPUT statement causes a
question mark to be printed at the
terminal, at the current print position,
which is then activated for input. The
user enters a list of values which are
assigned to the variable references in the
INPUT statement. Each value entered must
be of the same type (character or
arithmetic) as the corresponding variable
reference, Each value must be separated
from the next value by a comma. A carriage
return ends the series of values entered.

Only a single line of input may be entered
in response to an INPUT statement.

Conversion of arithmetic input is a
function of the precision specification (S
or L) which is employed during execution.
This implies that all arithmetic data which
is read is either truncated or zero padded
to appropriate precision specification (S
or L) prior to assignment to program
variables.

A character constant in the input stream
must be delimited by single or double
quotation marks.

Subscripts on variable references are
evaluated as they occur. BAn error occurs
if the number of values entered does not
equal the number of variable references in
the INPUT statement, or any of the values
are of the wrong data type.

The procedure for retry or re-entering of

data, after an error, is implementation
defined.

2e2.8.2.2.2 MAT INPUT Statement

Syntax

MAT INPUT arithmetic-array-reference
[,arithmetic-array-referencel...

Description

Execution of a MAT INPUT statement causes a
question mark to be printed at the terminal
which is then activated for input. The
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‘user enters a list of values which are

assigned to members of the specified arrays
by rows, each new row being requested with
two question marks by the system as the
previous row is completed. A single
question mark is used to indicate a request
for input to the first row of an array.

Array references may be one- or two-
dimensional arrays which previously must
either have been implicitly or explicitly
defined by a DIM statement. If the
optional expressions follow the array
names, the truncated integer portion of
these expressions is used to redimension
the arrays before the values are entered.

Redimensioning must not change the number
of original dimensions nor exceed the
number of original members.

Conversion of arithmetic input to internal
format is a function of the precision
specification (S or L) which is employed
during execution. This implies that all
arithmetic data which is read is either
truncated or zero padded to appropriate
precision specification (S or L) prior to
assignment to internal variables.

Each value is separated from the next value
by a comma. The final entry for each row
of each array is followed by a carriage
return from the user to signify end of row.
If a line is full and input data remains to
be entered, the last value entered must be
followed by a comma before the carriage is
returned to continue. An error will occur
if the number of values entered for a row
does not equal the number of members in the
corresponding array or if any of the wvalues
are not arithmetic. The procedure for
retry or re-entering of data, after an
error, is implementation defined.

2.2.4.2.2.3 PRINT Statement

Syntax

PRINT [print-referencel [character-constant
(,}:] print-reference| [character-
constantl{, |;} [print-referencell...
{character- constant]|,|;]

Description

Each data item in the PRINT statement
(print-reference, character-constant, or
null) is converted to a specified output
format and printed at the terminal, the
carriage being positioned as specified by
the delimiting character (comma, null
delimiter, or semicolon) or item following
the data item being considered. A null
delimiter is indicated by the absence of an
explicit delimiter, either a comma or a
semicolon.



Each line is constructed from two types of
print zones, full or packed. Print zones
are defined relative to the carriage
position at which a data item begins. The

length of a line cannot be less than a full

print zone; a full print zone consists of
18 characters.,

If the data item is an arithmetic
expression, the size of the packed print
zone is determined by the size of the
converted field (including the sign,
digits, decimal point, and exponent) as
follows:

converted Print Field Packed Print Zone

2- U4 characters 6 characters
5- 7 characters 9 characters
8-10 characters 12 characters
11-13 characters 15 characters
14-17 characters 18 characters

Short form apparent precision or
significant number of digits will be
referred to throughout this standard as S.
Where:

Sz6 significant digits

Long form apparent precision or significant

number of digits will be refferred to
throughout this standard as L.

Where:
I>11 significant digits

If the data item is a character reference,
the size of the packed print zone is 18
characters minus any trailing blanks.

If the data item is a character constant,
the size of the packed print zone equals
the length of the string enclosed by
quotation marks.

Each data item is converted to output
format as follows:

1. Arithmetic expressions in short-form
arithmetic are formatted as follows:

a. I-format consisting of a sign
(blank or minus) and up to S
significant decimal digits for
integers whose absolute value is
greater than or equal to zero and
less than 1E+S. Printed values
are rounded,

b. E-format consisting of a sign
(blank or minus), up to S
significant decimal digits, a
decimal point following the first
digit, the letter "E", and a
signed exponent for numbers, not

included in the I-format described

above, whose absolute value is
less than 1E-1 or greater than or
equal to 1E+S. Printed values are
rounded.

. Ce P-format consisting of a sign
(blank or minus), up to S
significant digits, and a decimal
point in the proper position for
numbers not included in the I- or
E-formats described above.
Printed values are rounded.

2. Arithmetic expressions in long form
arithmetic are formatted as follows:

a. I-format consisting of a sign
(blank or minus) and up to eleven
significant decimal digits for
integers, whose absolute value is
greater than or equal to zero and
less than 1E+L. Printed values
are rounded.

b. E-format consisting of a sign
(blank or minus), and up to eleven
significant decimal digits, a
decimal point following the first
digit, the letter "E", and a
signed exponent for numbers not
included in the I-format described
above, whose absolute value is
less than 1E-1 or greater than or
equal to 1E+L., Printed values are
rounded.

c. F-format consisting of a sign
(blank or minus), up to L
significant digits, and a decimal
point in the proper position for
numbers not included in the I- or
E-formats described above,
Printed values are rounded.

The converted data item will be printed as
follows:

1. If the data item is an arithmetic
expression, the converted field will
be printed as follows:

a. If the line contains sufficient
space to accommodate the value,
printing will start at the current
carriage position.

b. If the line does not contain
sufficient space to accomodate the
value, printing will start at the
beginning of the next line.

2. If the data item is a character
reference or a character constant, the
converted field will be printed as
follows:

a. If the delimiting character is a
comma and at least 18 spaces
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remain on the line, printing will
start at the current carriage
position. If the end of the print
line is encountered before a
character constant is exhausted,
printing of the remaining
characters will begin on the next
line .

b. If the delimiting character is a
comma and fewer than 18 spaces
remain on the line, printing will
start at the beginning of the next
print line. If the end of the
line is encountered before a
character constant is exhausted,
printing of the remaining
characters will begin on the next
line.

c. If the delimiting character is not
a comma, printing will start at
the current carriage position., If
the end of the print line is
encountered before the data item
is exhausted, printing of the
remaining characters will begin on
the next line,

After the converted data item has been
printed, the carriage will be positioned as
specified by the delimiting character:

1. If the data item is a print reference,
the carriage will be positioned as
follows:

a. If the delimiter is a comma, the
carriage will be moved past any
remaining spaces in the full print
zone; if the end of the print line
is encountered, the carriage will
be moved to the beginning of the
next print line.

b. If the delimiter is a semicolon,
the carriage will be moved past
any remaining spaces in the packed
print zone; if the end of the
print line is encountered, the
carriage will be moved to the
beginning of the next print line.

c. If the delimiter is null (not end
of statement) followed by a
character constant, the carriage
is left at the print position
immediately following the data
item.

d. If the delimiter is null (end of
statement), the carriage will be
moved to the beginning of the next
print line.

2. If the data item is a character

constant, the carriage will be
positioned as follows:
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a. If the delimiter is a comma, the
carriage will be moved past any
remaining spaces in the full print
zone; if the end of the print line
is encountered, the carriage will
be moved to the beginning of the
next line.

b. If the delimiter is null (not end
of statement) or is a semicolon,
the carriage is left at the print
position immediately following the
data item.

ce If the delimiter is null (end of
statement), the carriage will be
moved to the beginning of the next
print line.

3. If the data item is null, the carriage
will be positioned as follows:

a. If the delimiter is a comma, the
carriage will be moved 18 spaces;
if the end of the line is
encountered, the carriage will be
moved to the beginning of the next
print line.

b. If the delimiter is a semicolon,
the carriage will be moved three
spaces; if the end of the print
line is encountered, the carriage
will be moved to the beginning of
the next line.

c. If the delimiter is null (end of
statement) and the null is the
first data item in the 1list, the
carriage will be moved to the
beginning of the next print line.

2.2.4.2.,2.4 MAT PRINT Statement

Syntax

MAT PRINT arithmetic-array
({,|:;}arithmetic-arrayleee [, |;]

Description

Each array in a MAT PRINT statement, which
previously must either have been defined
implicitly or explicitly by a DIM
statement, is printed in row-major order.
The first row of each array begins at the
start of a new line, and is separated from
the preceding line by two blank lines. The
remaining rows of each array begin at the
start of a new line, and are separated from
the preceding line by a single blank line.
After the final or only array has been
printed, the carriage will be repositioned
to a new print line. One- or
two-dimensional arrays may be printed.



Each array member is converted to a
specified output format and printed, the
carriage being repositioned as specified by
the delimiting character following the
array name. (See Section 2.2.4.2.2.3,
PRINT Statement for specific format
information on print zones and conversion
of values.)

The converted array member will be printed
at the terminal as follows:

1. If the line contains sufficient space
to accommodate the value, printing
will start at the current carriage
position.

2., If the line does not contain
sufficient space to accommodate the
value, printing will begin at the
start of the next line.

After the converted member has been
printed, the carriage will be positioned as
specified by the delimiting character:

1. If the delimiter is a comma, the
carriage will be moved past any
remaining spaces in the full print
zone; if the end of the line is
encountered, the carriage will be
moved to the beginning of the next
line.

2. If the delimiter is a semicolon, the
carriage will be moved past any
remaining spaces in the packed print
zone., If the end of the line is
encountered, the carriage will be
moved to the beginning of the next
line.

3. If the final delimiter is a null, it

will be treated as a comma.

2204, 2. 2.5 PRINT USING and Image
Statements

Syntax

PRINT USING statement-number
(,scalar-referencel...

: [{not # string-characterl}...|
conversion-specificationl...

Description

Each scalar reference in the PRINT USING
statement is edited into a line as directed
by an Image statement, and the line is
printed at the terminal. The statement
number in the PRINT USING statement is the
statement number of the associated Image
statement.

Image statements are non-executable and may
be placed anywhere in a program; they
specify format pictures for single print
lines. String characters appearing in an
Image statement are printed exactly as they
are entered. Conversion specifications
appearing in an Image statement specify
Integer, Fixed Point, or Floating Point
format (see Section 2,3 BASIC Language
Ssyntax). Each scalar reference is edited
(in order of appearance in the PRINT USING
statement) into a corresponding conversion
specification (in order of appearance in
the referenced Image statement).

If the PRINT USING statement contains at
least one scalar reference and no
conversion specification appears in the
referenced Image statement, an error
occurs. If the number of scalar references
in the PRINT USING statement otherwise
exceeds the number of conversion
specifications in the Image statement, a
carriage return occurs at the end of the
Image statement and the Image statement is
reused for the remaining scalar references.
If the number of scalar references in the
PRINT USING statement is less than the
nunmber of conversion specifications in the
Image statement, the line is terminated at
the first unused conversion specification.

The carriage is repositioned to a new line,
if required, before printing the edited
line. The carriage is repositioned to a
new print line after printing is completed.

Edch scalar reference is converted to
output format as follows:

1. The meaning of a scalar reference is
extracted from the specified string
and edited into the line, replacing
all elements in the conversion
specification (including sign, #,
decimal point, and |||] or !1!t4)., If
an edited character reference is
shorter than the conversion
specification, blank padding occurs on
the right. If an edited character
reference is longer than the
conversion specification, truncation
occurs on the right. A character
constant containing no characters
results in blank padding of the entire
conversion specification.

2. An arithmetic expression is converted
in accordance with its conversion
specification as follows:

a. If the conversion specification
contains a plus sign and the
expression value is positive, a
plus sign is edited into the line.

b. If the conversion specification
contains a plus sign and the
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expression value is negative, a
minus sign is edited into the
line.

c. If the conversion specification
contains a minus sign and the
expression value is positive, a
blank is edited into the 1line.

d. If the conversion specification
contains a minus sign and the
expression value is negative, a
minus sign is edited into the
line.

e. If the conversion specification
does not contain a sign, the
expression value is negative and
the conversion specification is
large enough to contain the number
and the minus sign, then the
negative number will be printed.
If the expression value is
positive and the conversion
specification is large enough to
contain the number, the number is
printed without a sign.
Otherwise, asterisks are edited
into the line instead of the
expression value.

f. The expression value is converted
according to the type of its
conversion specification as
follows:

I-format: The value of the
expression is converted to an
integer, rounding any fraction.

F-format: The value of the
expression is converted to a
fixed-point number, rounding the
value or extending it with zeros
in accordance with the conversion
specification.

E-format: The value of the
expression is converted to a
floating-point number, rounding
the value or extending it with
zeros in accordance with the
conversion specification. The
four exclamation marks or OR signs
in an E-format specification are
used to indicate the print
positions of the exponent part of
a floating point number, for
example E+xx, where x is any
numeric digit.

If the length of the arithmetic
expression value is less than or equal
to the length of the conversion
specification, the expression value is
edited, right-justified, into the
line. If the length of the expression
value is greater than the length of

the conversion specification,
asterisks are edited into the line
instead of the expression value.

The following rules define the start of a
conversion specification:

1.

A number sign is encountered and the
preceding character is not a number
sign decimal point, plus sign, or
minus sign.

A plus or minus sign is encountered,
which is followed by:

a. A number sign or

b. A decimal point which is followed
by a number sign.

A decimal point is encountered, which
is followed by a number sign and:

a. The preceding character is not a
number sign, plus sign, or minus
sign or

b. The preceding character string is
a fixed point conversion
specification.

The following rules define the end of a
conversion specification that has been
started:

1.

2‘

A number sign is encountered and:

a. The following character is not a
number sign or

b. The following character is not a
decimal point or

c. The following character is a
decimal point and a decimal point
has already been encountered or

d. The following four consecutive
characters are not exclamation
points or OR signs.

A decimal point is encountered and:

a. The following character is not a
number sign or

b. The following character is another
decimal point or

c. The following four consecutive
characters are not exclamation
points or OR signs.

Four consecutive exclamation points or
OR signs are encountered.



2¢244.2,2.6 MAT PRINT USING Statement

Syntax

MAT PRINT USING statement-number,
arithmetic-array [,arithmetic-arrayl...

Description

Each array in the MAT PRINT USING
statement, which previously must have been
either implicitly or explicitly defined by
a DIM statement, is printed by rows at the
terminal according to the format defined by
an Image statement (see Section 2.2,4.2.2.,5
PRINT USING Statement). The statement
number in the MAT PRINT USING statement is
the statement number of the Image statement
used. One- or two- dimensional arrays may
be printed.

If the Image statement does not contain at
least one conversion specification, an
error occurs. If the number of members in
the array row exceeds the number of
conversion specifications in the Image
statement, a carriage return occurs at the
end of the Image statement and the Image
statement is reused for the remainder of
that row. If the number of members in the
array row is less than the number of
conversion specifications in the Image
statement, the line for that row is
terminated at the first unused conversion
specification.

The first row of each array begins at the
start of a new line and is separated from
the preceding line by two blank lines.
Each succeeding array row begins at the
start of a new line and is separated from
the preceding row by one blank line. When
the last or only array has been printed,
the carriage is repositioned.

2.2.4.2.3 External File I/0 Statements.
The external file statements in BASIC are:

GET to input data into a program
from an external file to be
assigned to variables,

MAT GET to input data into a program

from an external file to be

assigned to arithmetic
arrays.

PUT to output data to an external
file.

MAT PUT to output values of

arithmetic arrays to an

external file.

RESET to reposition an external

file at the beginning.

to deactivate an external
file and disassociate it from
the program.

CLOSE

This group of statements is referred to
as external file I/0 statements since they
process data and data collections which may
be retained at the end of a program and may
be accessed at a later time.

BASIC external files are processed as a
continuous stream of arithmetic constants
expressed as a floating point notation in a
character format, and character data
expressed as character constants enclosed
by quotes. Data items on external files
are separated from each other by a blank.

Arithmetic constants are written onto an
external file in either S or L precision
(see Section 2.2.4.2.2.3 PRINT Statement)
depending upon the mode of execution. A
file generated with S precision arithmetic
constants may be accessed in a long
precision execution of a program with the
extra significance generated by zero
padding. Similarly, a file generated with
L precision arithmetic constants may be
accessed in a short precision execution of
a program with the extra digits being
truncated. However, an access of a long
precision number which would cause a loss
of magnitude would cause an error.

Character data is written onto external
files as eighteen characters delimited by
single quotation marks. Character strings
read into character variables from an
external file are either extended to
eighteen characters with blank padding on
the right, if the source field has fewer
than eighteen characters, or directly
assigned if equal to eighteen characters.

2.2.,4,2.3.1 GET Statement

Syntax

GET file-reference, variable-reference
[,variable-referencel...

Description

The variable references in the GET
statement are assigned values read from the
specified file, beginning at the current
file position. Each value read must be of
the same type (character or arithmetic) as
the corresponding variable reference in the
GET statement. Subscripts in variable
references are evaluated as they occur
since the variable references are assigned
from left to right.

Conversion of arithmetic input to intermnal
format is a function of the precision
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specification (S or L) which is employed
during execution., This implies that all
arithmetic data which is read is either
truncated or zero padded to appropriate
precision specification (S or L) prior to
assignment to internal variables.

A file is activated for input by the first
execution of a GET or MAT GET statement for
the file, at which point the file is
positioned at the beginning and the
variable references are assigned the values
read from the file. A file is deactivated
when it is closed or at the end of
execution of a program.

A file currently activated as an output

file cannot be referenced by a GET
statement. It must first be closed.

2.2.4.2.3.2 MAT GET Statement

Syntax

MAT GET file-reference,
arithmetic-array-reference
{,arithmetic-array-referencel...

Description

The array references in the MAT GET
statement are assigned values from the
specified file by rows, beginning at the
current file position. Array references
may be one- or two-dimensional arrays,
which previously must have been either
implicitly or explicitly defined by a DIM
statement. If the optional expressions
follow the array names, the truncated
integer portion of these expressions is
used to redimension the arrays before the
values are entered. Redimensioning must
not change the number of original
dimensions nor exceed the number of
original members.

Whether short-form arithmetic is specified
and the file was created in long-form, or
long-form arithmetic is specified and the
file was created in short-form, all
arithmetic data read is truncated to an
implementation defined number of
significant digits or zero filled to an
implementation defined number of digits.

A file is activated for input by the first
execution of a MAT GET or GET statement for
the file. The file is positioned at the
beginning and then the arrays are assigned
the values read from the file. A file is
deactivated when it is closed or at the end
of execution of a programe.

A file currently activated as an output

file cannot be referenced by a MAT GET
statement. It must first be closed.
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202 8e243.3 PUT Statement

Syntax

PUT file-reference, scalar-reference
[,scalar-referencel...

Description

Scalar references in the PUT statement are
written into the specified file beginning
at the current file position.

Whether short- or long-form arithmetic is
specified, arithmetic data written will be
truncated to an implementation defined
number. of significant digits or zero filled
to an implementation defined number of
digits.

A file is activated for output by the first
execution of a PUT or MAT PUT statement for
the file. The file is positioned to the
beginning and the scalar references are
written into the file. A file is
deactivated when it is closed or at the end
of execution of a programe.

A file currently activated as an input file

cannot be referenced by a PUT statement.
It must first be closed.

2¢.2.4.2.3.4 MAT PUT Statement

Syntax

MAT PUT file-reference, arithmetic-array
(,arithmetic-arrayleee.

Description

Values from the specified array are written
into the specified file by rows, beginning
at the current file position. The arrays
previously must have been defined either
implicitly or explicitly by a DIM
statement.

Whether short- or long-form arithmetic is
specified, all arithmetic data written will
be truncated to an implementation defined
number of significant digits or zero filled
to an implementation defined number of
digits.

A file is activated for output by the first
execution of a MAT PUT or PUT statement.
The file is positioned at the beginning and
then the arrays are written into the file.
A file is deactivated when it is closed or
at the end of execution of a program.

A file currently activated as an input file
cannot be referenced by a MAT PUT
statement. It must first be closed.



2.2.4.2.3,5 RESET Statement

Syntax

RESET file-reference [,file-referencele...

Description

File references are repositioned at the
beginning of the file. If a specified file
is not active, its appearante in the RESET
statement will be ignored.

2:2.4.2.3.6 CLOSE Statement

Syntax

CLOSE file-reference [,file-referencel...

Description

The CLOSE statement is used to deactivate a
file, that is, it disassociates a file from
its attribute, input or output. An
implicit CLOSE is executed for each active
file at completion of the execution of a
program. If a file is to be used both as
an input file and an output file during
program execution, it must be closed
between input and output references. If a
specified file is not active, its
appearance in the CLOSE statement will be
ignored. An abnormal termination of a
program due to an error raised in the
program will cause all files to be closed.

2.2.,4,3 Data Movement and Computational
Statements. The data movement statements
referred to in this section deal solely
with internal data assignment of an
expression to a variable. The two forms of
assignment are:

LET which assigns the value of
a scalar expression to a
variable.

which assigns the values
of an array expression to
an arithmetic array.

MAT Assignment

2.2.4.3.1 LET Statement

Syntax
[LET) {arithmetic-reference
[,arithmetic~referencel.e. =
arithmetic-expression|
character-reference
[,character-referencel.ee =
character-expression}

Description

The value of the arithmetic or character
expressions are evaluated once and assigned
to the arithmetic or character references
in a left to right order as in the input
statements., The exact expansion of a
multiple LET statement is as follows:

LET var-1 [(subjy,[,subsjz]1)],.e.var-n [(sub
ns [,sub-n,1) I=exp

is equivalent to:
LET temp = exp

[LET tsuby, = subj,]
[LET tsub,, = sub,-]

LET var-1 [(tsub,, [,tsub;;1)]1 = temp

[LET tsub-n, sub-n,]

[LET tsub-n; = sub-n,l
LET var-n [(tsub-nj; [,tsub-nz;1)] = temp

A general rule is that all multiple list
assignments, either by a LET or an input
statement (GET, INPUT, READ), are to be
treated in the above manner. That is,
subscripts for the first variable are
evaluated and then the assignment is made
followed by the evaluation of the second
variable's subscripts and its assignment.
This process continues in a left to right
order until the list is exhausted.

2.2.4.3.2 MAT Assignment Statement
Syntax

MAT arithmetic-array = {arithmetic-array|
arithmetic-array
{+]|-} arithmetic-array|arithmetic-array
* arithmetic-array|
(arithmetic-expression)
* arithmetic-array|{CON|ZER|IDN}
larithmetic-array-subscriptl | {INV|TRN}
(arithmetic-array)}

Description

The MAT statement evaluates the array
expression to the right of the equal sign
and assigns the result to the array to the
left of the equal sign. The dimensions
specified for the array on the left must
conform to the array expression on the
right, If the array expression involves
matrix multiplication, inversion, or
transposition, the array named on the left
must not appear in the expression. An
array must be defined either implicitly or
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explicitly by a DIM statement before it can
appear in a MAT statement.

The array operations available are: (where

A and B are arithmetic array names)

A A simple array reference

A+ B Sum of two matrices

A-B Difference of two matrices

A * B Product of two matrices?1

(e) * A Product of the scalar value of e

and matrix A

ZER [(e;y[,e2]1)] produces ey
[by e.] zero array2

CON [(ey[,e51)] produces e,
[by e,] unity array=z

IDN [(e;,e3)] produces e,
by e; identity matrix1 =2

INV(A) Inverse matrix of A*r 3

TRN(A) Transpose matrix of A

If e; is not specified for ZER, CON, IDN
functions, the dimensions used are those of
the array being assigned.

Notes:

1. Restricted to two-dimensional arrays
only.

2. If the optional expressions are
included, the truncated integer
portion of these expressions is used
to redimension the arrays on the left
of the equal sign before the operation
is performed. Redimensioning must not
change the otriginal number of
dimensions nor exceed the original
number of members.

3. The INV of a singular array will cause
an error. The action of this error is
implementation defined.

2.2.4.4 Control Statements. <Control
statements in BASIC are used to direct the
flow of execution of a program. The
following statements constitute the set of
control statements in BASIC.

GOTO Transfers control, unconditionally
or conditionally, to a specific
statement,

GOSUB Transfers control unconditionally

to a group of statements.

926

Returns control to the first
executable statement following the
last active GOSUB statement.

RETURN

FOR Is the initial delimiter of a
group of statements which will
continue to execute a number of
times until an iteration criteria
is satisfied.

Is the end delimiter of a FOR
group.

NEXT

IF Is a conditional branch statement
dependent on the truth or false
value of a relational expression.

PAUSE Causes suspension of the execution
of a program until it is resumed
by a user.

STOP Causes the end of a program

execution.

END Indicates the end of a program and
therefore is logically the last
statement in a programe.

The control statements are defined in
the following subsections.

2,2.,4. 4.1 GOTO Statement

Syntax

GOTO statement-number
[{,statement-numberl...

ON arithmetic-expression]

Description

Execution of a simple GOTO statement
(without the ON option) causes an
unconditional transfer of control to the
statement whose statement number is
specified. If the ON option is employed,
the GOTO is called a "computed GOTO." The
words GOTO are followed by an n-element
statement-number list. The value of the
arithmetic expression is computed at
execution time; the program branches to
element i1 of the statement-number list,
where i is the truncated integer value of
the arithmetic expression. If i < 1 or i >
n, control is passed ta the next logically
executable statement in the program.

If the statement branched to is a
non-executable statement, control will be
passed to the first logically executable
statement following the statement
specified.



2,2.4. 4,2 GOSUB_and RETURN Statements

Syntax

GOSUB statement-number

RETURN [string-characterl...

Description

Execution of a GOSUB statement causes a
transfer of control to the statement whose
statement number is specified. The GOSUB
statement also sets up a return path such
that, when a RETURN statement is executed,
control is returned to the next logically
executable statement following the last
GOSUB statement executed. An active GOSUB
is one where a GOSUB statement has been
executed without a complimentary execution
of a RETURN statement. GOSUB statements
may be multiply active in a recursive
manner.

GOSUB statements may be used in any manner
but care should be used in defining
recursive GOSUB loops, i.e., a GOSUB into
an area of the program that contains a
GOSUB leading back to the first GOSUB.
This could result in an infinite loop.

If the statement branched to is a
non-executable statement, control will be
passed to the first logically executable
statement following the specified
statement.

Execution of a RETURN statement without an
active GOSUB will cause an error.

2.2.4.4.3 FOR and NEXT Statements

Syntax

FOR arithmetic-variable = arithmetic-
expression

TO arithmetic-expression
[STEP arithmetic-expression]

NEXT arithmetic-variable

Description

The FOR and NEXT statements delineate a
"FOR loop®": a set of statements which are
executed zero or more times. The FOR
statements are paired because the same
arithmetic variable occurs in both
statements. FOR-NEXT pairs must be
properly nested inside each other. That
is, a FOR-NEXT loop properly nested within
another FOR-NEXT loop must be completely
enclosed within the outer loop. FOR-NEXT
loops may not overlap each other.

The three arithmetic expressions in the FOR
statement are called the initial value, the
final value, and the increment,
respectively. These expressions are
evaluated only during initial execution of
the FOR statement, and are not affected by
any statements within the FOR loop. The
arithmetic variable is called the control
variable and may be modified within the FOR
loop. If the initial value is greater than
(less than for negative increments) the
final value at evaluation time, the loop is
not executed and the value of the control
variable is left unchanged.

When the loop is first executed, the
control variable is set to the initial
value. The statements in the loop are
executed, and the increment is added to the
control variable. This process continues
until the control variable is greater than
(less than for negative increments) the
final value. At this time control is
passed to the first executable statement
logically following the NEXT statement. At
this point, the control variable has a
value equal to the value which caused the
loop to fail less the value of the STEP
expression,

If the STEP arithmetic expression is
omitted, it is assumed to be +1. Transfer
of control into or out of a FOR loop is
allowable within the constraints that a
NEXT statement cannot be executed if its
associated FOR statement has not been
executed and is, therefore, inactive.

A FOR loop is active as long as a FOR
statement has been executed, and the loop
has not been completed. An active FOR-loop
may be re-entered via the FOR-statement,
but the effect is an immediate deactivation
of the previous generation of the FOR-loop.

An exact expansion of the FOR loop is as
follows:
FOR v = exp-1 TO exp-2

[STEP exp-3]

NEXT v

is equivalent to:

10 e; = exp-1
20 e, = exp-2
30 es = exp-3|les; = 1 1if the STEP

is not explicitly stated
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40 IF e3<0 GO TO 70
50 IF es;>e, GO TO 210
60 GO TO 80
70 IF e,<ez GO TO 210
80 Vv = ey
90 .

lo;p
150 v = v + eq
160 IF e320 GO TO 190
170 IF wv<e, GO TO 200

180 GO TO 90
190 IF w<=ez; GO TO 90
200 v =V - e;

210 .

2.2.4.4.4 TF Statement

Syntax

IF {arithmetic-expression
relational-operator
arithmetic-expression|
character-expression
relational-operator
character-expression}
{THEN|GOTO} statement-number

Description

The two arithmetic or character expressions
in the IF statement are compared. If the
specified relation is satisfied, control is
passed to the statement whose statement
number is specified. If the statement
branched to is a non-executable statement,
control will be passed to the first
logically executable statement following
the specified statement. If the specified
relation is not satisfied, control is
passed to the next logically executable
statement in the program.

Relational operations on character data is
always performed on strings of 18
characters in'length by previously
extending the strings on the right with
blanks, or by truncation on the right when
required.

98

2.2.,,4,4.5 PAUSE Statement

Syntax

PAUSE [string-characterl...

Description

This statement causes program execution to
be interrupted after printing the following
message:

PAUSE AT LINE statement-number

where the statement-number is the statement
number of the PAUSE statement.

The procedure for subsequent resumption of

program execution is implementation
defined,

2.2.,4.4.6 STOP Statement

Syntax

STOP [string—-characterl...

Description

Program execution is terminated. This
statement causes exactly the same action as
an END statement during execution.

However, unlike the END statement which is
the last logical statement in the program,
the STOP statement may appear anywhere in
the program.

2.2.4.4.7 END Statement

Syntax

END (string-characterl...

Description

The END statement indicates the logical end
of a program, i.e., any statements
numerically following END are ignored. END
is optional and, if omitted, is assumed to
follow the highest numbered statement in
the program.

2.2.4.5 REM Statement

Syntax

REM [string-characterl...



Description

The REM statement is non-executable and is
used to insert a comment into a program.
It can be placed anywhere in a program.

2.2.5 Functions.
shorthand notation for expressing an

algorithm to be evaluated, resulting in the

function reference being. replaced at
execution time with a numeric value. Three
types of functions will be discussed in
this section:

where the user defines
the algorithm.

User functions

Intrinsic parameterized

function invocations of a system
defined algorithm.

Internal non-parameterized

constants invocation of a system

defined algorithm which
returns a constant
result.

2.2.5.1 User Functions. User functions are
defined by the user through the use of the
DEF statement. Once defined, they may be
used like intrinsic functions in arithmetic
expressions.

During execution, any statement that
references the user function will supply an
expression argument whose value is used in
any function in place of any dummy
variable. B2ll other arithmetic data
elements in the user function take on the
values current at the time of function
invocation.

2+2,5.2. Intrinsic Functions.
IBM-supplied routines can be used to
compute the values of various mathematical
functions. Each of these functions has a
single argument (optional with RND), which
can be any valid arithmetic expression and
produces a single arithmetic result. An
invalid argument will cause an error. The
DET function is an exception in that its
argument must be a reference to an
arithmetic array. A function reference may
be used anywhere in arithmetic expressions
that a variable or a constant can be used.
The intrinsic functions defined are:

SIN (X)

Computes the sine of X radians.
COSs_.(X)

Computes the cosine of X radians.
TAN (X)

Computes the tangent of X radians.

A function reference is a

COT _(X)

Computes the cotangent of X radians.
SEC_(X)

Computes the secant of X radians.
csc_(x)

Computes the cosecant of X radians.
ASN_(X)

Computes the arc sine (in radians) of the
real number X. where:

(= /72)<ASN(X)<( /2)
ACS (X)

Computes the arc cosine (in radians) of the
real number X. where:

0]ACS(X)<
ATN .(X)

Computes the arctangent (in radians) of the
real number X. where:

-( /2)<ATN(x)<( /2)
HSN_(X)

Computes the hyperbolic sine of the real
number X.

HCS (X)

Computes the hyperbolic cosine of the real
number X.

HTN (X)

Computes the hyperbolic tangent of the real
number X.

DEG (X)

Computes the number of degrees in X
radians.

RAD _(X)

Computes the number of radians in X
degrees.

EXP_(X)

Ccomputes the value of e raised to the X
power.

ABS .(X)

Computes the absolute value of the real
number X by forcing it positive.
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LOG_(X)

Computes the natural logarithm (base e) of
the positive number X greater than zero.

LTW (X)

Computes the logarithm to the base 2 of the
positive number X dgreater than zero.

LGT _(X)

Computes the logarithm to the base 10 of
the positive number X greater than zero.

SQR_(X)

Computes the square root of the
non-negative number X.

INT (X)

Returns the integer part of the real number
X. If X < 0 then the value returned is the
smallest integer > X, INT(-3.14) = -3, If
X 2 0 then the value returned is the
largest integer < X. INT(3.14) = 3,

SGN_(X)

Returns the sign of the real number X. If
X <0, SGN (X) = -1; if X = 0, SGN (X) = 0;
if X > 0, SGN (X) = +1.

RND [(X)1

Returns a random number in the interval
between 0 and 1 according to a uniform
distribution on this interval. Each random
number is computed from the previous one
according to a fixed algorithm.

100

The random number generator can be
initialized by specifying an argument; the
argument may be any number. Subsequent
references to RND without using an argument
will cause the new number to be generated
from the previous one,

Each time RND is called with an argument,
the generator is initialized with the
absolute value of the argument. If RND is
called without an argument and there has
been no previous initialization, then the
generator will initialize itself, using an
implementation defined value.

DET_(X)

Returns the value of the determinant of the
square arithmetic array X. The array must
have been either defined implicitly, or
explicitly in a DIM statement before its
use as an argument in the DET function.

2.2+.5.3 Internal Constants. An internal
constant is an arithmetic constant whose
value is predefined in the BASIC language,
It may be used anywhere an arithmetic
constant may be used. The three internal
constants defined in terms of "apparent"
precision are the mathematical values of
pi, e, and the square root of 2.

Name Short-Form_Value Long-Form_Value
&§PI 3.14159 3.1415926536
§E 2.71828 2,7182818285
§SQR2 1.41421 1.8142135624



2.3 Syntax of the BASIC Lanquage

The syntax conventions used for the following definitions are as defined in the
System/360 DSB, Section 3.30.1, and are summarized and expanded by the following:

a. The underscoring of a character is used to indicate that this is a single
printable character. This distinguishes it from a syntactic variable consisting
of a printable character optionally followed by any number of blank characters.

b. Lower-case letters represent information that must be supplied by the user.

c. Information contained within brackets [ ] represents an option that can be
omitted,

d. The appearance of braces { } indicates that a choice must be made between the
items contained in the braces.

e, The appearance of the vertical bar | indicates that a choice must be made
between the item to the left of the bar and the item to the right of the bar.

f. 2An ellipsis (a series of three periods) indicates that the preceding syntactic
unit may be repeated any number of times.

g. not syntactic-unit-1 syntactic-unit-2. The "not" operator is used to define a
unit which contains all of syntactic-unit-2 except for that which is explicitly
stated as syntactic-unit-1. For example, a print-special-character (2.3.1.3) is
defined as any EBCDIC character except upper- and lower-case alphabetics, the
digits 0 through 9, or the three alphabetic extenders.

2.3.1 Character Set

2.3.1.1 print-alphabetic-character ::= A|B|C|D|E|E|GIHIZII|IK|ILIMIN|QIR|QIRISIT|UIVIW]
X|¥izlalblcldlelflglhiTiTik|iLiminioiplglizisitinlyiwixiyizIa|¥i3

2.3.1.2 print-numeric-character ::= 0|1}2|3|415161718|2

2.3.1.3 print-special-character ::= not{print-alphabetic-character| print-numeric-
character} any-character*

2.3.1.4 alphabetic-character ::= print-alphabetic-character(}l...

2.3.1.5 numeric-character ::= print-numeric-character(f]l...

2.3.1.6 string-character ::= any-character?

2.3.1.7 relational-operator ::= =|<>|#|>=|2|<=|=5]>1<

2.3.1.8 = 1:= E[é]o..

2.3.1.9 < 1:= <[Bl...

2.3.1.,10 > 1= >[Blee.

2.3.1.11 * 1:= #2[PBl...

2.3.1.12 < :1:= 5Pl

2.3.1.13 2 3= %lél.co

2.3.1.14 * 1:= x(B)...

2.3.1.15 7 3= /£l1B)...

2.3.1.16 + 1:= 1B,

2.3.1.17 - 3= :lé]o.o
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2.3.1.18
2.3.1.19
2.3.1.20
2.3.1.21

2.3.1.22

2.3.1,23
2.3.1.24
2.3.1.25
2.3.1.26
2.3.1.27
2.3.1.28
2.3.1.29
2.3.1.30
2.3.1.31
2.3.1.32
2.3.1.33
2.3.1.34
2.3.1.35
2.3.1.36
2.3.1.37
2.3.1.38
2.3.1.39
2.3.1.40
2.3.1.41
2.3.1.42
2.3.1.43
2.3.1.44
2.3.1.45
2.3.1.46
2.3.1.47
2.3.1.48
2.3.1.49

2.3.1.50
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Character Set

v ri=e(Bl...

g
1

-3

]

A0 w0 Z =B B R o4

K X = < g A o

o
o

e
.8

.
o

L(Bl...
LBl...
LlB...
L[¥1.. .

(%1...

la»

(%1...
Y[B1...
{Ala}[Bl...
{B|b} [B]...

L~

{ClcY[Hl...
{D|d} (K]...
{E|e}(¥)...
{F|£}(¥)...
{G|g}H¥l1...
{H|h}[¥]...
{I|i}[#1...
{J1jr81...
{K|k} (...
{L|13(8)...
{M|m} (B1...
{N|n}(¥l...
(0|0} [B] ...
{P|p}(El...
{Qlg} [Bl...
{R|x}[B]...
{s|s}[¥l...
{T|t} [Bl...
{U|u} [El...
{V|v}(gl...
(Wiw} [Bl...
XIx¥[gl---
Y|y} (Bl...



2.3.1.51

2.3.1.52

2.3.1.53
2.3.1.54
2¢341.55
2.3.1.56
2.3.1.57
2.3.1.58
2,341.59
2.3.1.60

2.3.2
2.3.2.1
2-3.2.2

2.3.2.3

2.3.2.4

2.3.3

2.3.3.1
2.3.3.2

2.3.3.3

2.3.3.4

2.3.3.5

2.3.3.6

2.3.3.7

2.3.4

2.3.4.1
2.3.4.2
2.3.4.3
2.3.4.04

Character Set

o
i
o
&
.

|
B

LBlee-

blank character [blank characterl...

s
.
1

conversion Specifications

integer-specification ::= [(+|=]1 #I[#]...
fixed-point-specification ::= [+|-1{{#)eee o # [#]...|# [#)... . [#1...}

floating-point-specification ::=
{integer-specification|{fixed-point-specification} {t!t!|]]]1}

conversion-specification ::= integer-specification|fixed-point-specification]
floating-point-specification

Constants

integer-constant ::= numeric-character...

fixed-point-constant ::= [numeric-characterl... = numeric-character..e.|
numeric-character... . [numeric-characterl...

floating-point-constant ::= {integer-constant| fixed-point-constant}
E(+}-]lnumeric-character [(numeric-character]

internal-constant ::= &EPI|&E|ESQR2

arithmetic-constant ::= fixed-point-constant| integer-constant|
floating-point-constant| internal-constant

character-constant ::= '[! '(|not ' string-characterl...'| "[" "|not "
string-character]..."”

constant ::= [+|-] arithmetic-constant| character-constant

Names
arithmetic-variable ::= alphabetic-character [numeric-character])
arithmetic-array ::= alphabetic-character

character-variable ::= alphabetic—character $

character-array ::= alphabetic-character $§
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2.3.4.5
2.3.4.6

2.3. 4.7

2.3.4.8

2.3.“'9

2.3.5

2.3.5.1

2.3.5.2

243.5.3

2.3.5.4
2434545
243.5.6
2.3.5.7

2.3.5.8

2.3.6
2434641
2.3.6,2

2434643

2.3.6. 4

2.3.6.5
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Names
user-function ::= FN alphabetic-character
intrinsic-function ::= {SIN|COS|TAN|ATN|EXP|ABS|LOG|LTW|LGT|COT|SEC|CSC|ASN|

ACS|HSN|HCS | HTN| DEG | RAD | SOR| INT | SGN} (arithmetic-expression)| DET
(arithmetic-array) 7| RNDI[(arithmetic-expression)]

array-dimension-specification ::= arithmetic-array (not 0 integer-constant
[,not 0 integer-constantl) | character-array (not 0 integer-
constant)

character-array-subscript ::= (arithmetic-expression?2)

arithmetic-array-subscript ::= (arithmetic-expression2
[,arithmetic-expression2])

References

function-reference ::= user-function (arithmetic-expression) |
intrinsic-function

character-reference ::= character-variable| character-array
character-array-subscript

arithmetic-reference ::= arithmetic-variable| arithmetic-array
arithmetic-array-subscript

variable-reference ::= character-reference| arithmetic-reference
arithmetic-array-reference ::= arithmetic-arraylarithmetic-array-subscript]
file-reference ::= character-constant1®©

print-reference ::= arithmetic-expression| character-reference

scalar-reference ::= arithmetic-expression| character-expression

Expressions

character-expression ::= character-reference| character-constant

primitive-arithmetic-expression ::= arithmetic-reference| function-refexrence|
arithmetic-constant| (arithmetic-expression)

one-arithmetic~expression ::= [one-arithmetic-expression {**|t}]
primitive-arithmetic-expression

two-arithmetic-expression ::= [two-arithmetic-expression {*|/}]
one-arithmetic-expression

three-arithmetic-expression ::= [three-arithmetic-expression {+|-1}]
two-arithmetic~expression

arithmetic-expression ::= [+]|-] three-arithmetic-expression

Statements
DATA-statement ::= DATA constant [,constantl...

DEF-statement ::= DEF user-function (arithmetic-variable) =
arithmetic-expression

DIM-statement ::= DIM array-dimension-specification
[,array-dimension-specification]...



2.3.7.4
2.3.7.5

2.3.7.6

23477

2.3.7.8

2.3.7.9

24347410

2.3.7.11

243.7.12

2¢3.7.13

2.3.7.14

2.3.7.15

2.3.7.16

263.7.17

2.3.7.18

2.3.7.19

24347.20
2.3.7.21
263.7.22

2¢3.7.23
24347424
2.3.7.25
2.3.7.26

Statements
END-statement ::= END (string-characterl...

FOR-statement ::= FOR arithmetic-variable = arithmetic-expression TO
arithmetic-expression [(STEP arithmetic-expressionl

GET-statement ::= GET file-referénce,variable-reference
[,variable-referencel...

GOSUB-statement ::= GOSUB statement-number

GOTO-statement ::= GOTO statement-number [[,statement—number]... ON
arlthmetlc-expre531on]

IF-statement ::= IF {arithmetic-expression relational-operator
arithmetic-expression| character-expression relational-operator
character-expression} {THEN|GOTO} statement-number

Image-statement ::= 3 [{not # string-character}...|
conversion-specificationl...

INPUT~-statement::= INPUT variable-reference [,variable-referencel...

LET-statement ::= [LET] {arithmetic-reference [,arithmetic-referencel... =
arithmetic-expression|character-reference ([,character-referencel...
= character-expression}

MAT-statement ::= MAT arithmetic-array = {arithmetic-array| arithmetic-array
{+|-}arithmetic-array3| arithmetic-array * arithmetic-array* S |
(arithmetic-expression) * arithmetic-array| {CON|ZER|IDN7}
farithmetic-array-subscript]l®| {INV7|TRN} (arithmetic-array)*“}

MAT-GET-statement ::= MAT GET file-reference, arithmetic-array-reference
[,arithmetic-array-referencel®,... >

MAT-INPUT-statement ::= MAT INPUT arithmetic-array-reference
[,arithmetic-array-referencel®...

MAT-PRINT-statement ::= MAT PRINT arithmetic array ({,|;} arithmetic-
arrayl) ...[,]|:]

MAT-PRINT-USING-statement ::= MAT PRINT USING statement-number,
arithmetic-array (,arithmetic-arrayl...

MAT-PUT-statement ::= MAT PUT file-reference, arithmetic-array
[,arithmetic-arrayle..

MAT-READ-statement ::= MAT READ arithmetic-array-reference
[,arithmetic—-array-referencel®...

NEXT-statement ::= NEXT arithmetic-variable

PAUSE-statement ::= PAUSE ([string-characterl...

PRINT-statement ::= PRINT (print-referencel I[character-constant [,|;]
print-reference | [character-constant] {,|;} [print-referencell...
{character-constant|, |;]

PRINT-USING-statement ::= PRINT USING statement-number [,scalar-referencel...

PUT-statement ::= PUT file-reference, scalar-reference [,scalar-referencel...

READ-statement ::= READ variable-reference [,variable-referencel...

REM-statement ::= REM [string-characterl...
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243.7.27
2.3.7.28
2.3.7.29
2.347.30
2.347.31

2.3.8
2.3.8.1
2.3.8.2

2.3.8.3
2.3.8.4
2.3.8.5
2.3.8.6
2.3.8.7

2.3.8.8

2.3‘ 8.9
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Statements

RESET-statement ::= RESET file-reference [,file-referencel...
RESTORE-statement ::= RESTORE [string-characterl...
RETURN-statement ::= RETURN (string-characterl...
STOP-statement ::= STOP [string-characterl...

CLOSE-statement ::= CLOSE file-reference [,file-referencel...

Program Structure

statement-number ::= [bl... numeric-character [numeric-characterl...

basic-statement ::= CLOSE-statement| DATA-statement| DEF-statement|
DIM-statement| GET-statement| GOSUB-statement| GOTO-statement |
IF-statement| Image-statement| INPUT-statement| LET-statement|
MAT-statement| MAT-GET-statement| MAT-INPUT-statement|
MAT-PRINT-statement| MAT-PRINT-USING-statement| MAT-PUT-statement |
MAT-READ-statement| PAUSE-statement| PRINT-statement|
PRINT-USING-statement| PUT-statement| READ-statement| REM-statement|
RESET-statement| RESTORE-statement| RETURN-statement| STOP-statement

basic-line ::= statement-number basic-statement statement-end

for-line ::= statement-number FOR-statement statement-end

next-line ::= statement-number NEXT-statement statement-end

for-group ::= for-line [statement-group| for-group|return-linel...next-line?

end-line ::= statement-number END-statement statement-end

basic-program ::={not return-line basic-line|for-group} [for-group|
statement-group|return-linel... [end-linel

statement-end ::= 8



2.3.9 Notes

1.

3.

u.

5.

6e

Any character possible in the EBCDIC
character set is denoted by

any-character,
reader knows what these are.

Subscripts for character and
arithmetic arrays are arithmetic
expressions whose values must be
positive and the truncated integer
portion greater than zero and not
exceeding the current maximum.

The arrays must have identical
dimensions.

The array on the left may not appear
on the right.

The number of columns in the first

array must equal the number of rows in

the second arraye.

If dimension specifications are
supplied, the dimensions of the array
will be changed.

It is assumed that the:

7.

8.

9

10.

The array must be square.

Statement-end is a terminal-dependent
action which indicates the end of a
physical line of input, e.ge. carriage
return. A BASIC statement may not
exceed a physical line of input nor
may more than one BASIC statement be
entered on a physical line.

A proper for-group requires that the
arithmetic variable referenced in the
NEXT-statement be the same as the
arithmetic control variable in the
FOR-statement.

A file-reference is a character
constant of an implementation defined
length and character content.
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&E 17
&PI 17
&SQR2 17

A

aBs function 21

absolute value function 21
Acs function 21

addition 22

alphabet extenders 13
alphabetic characters 13
arccosine function 21

arcsine function 21
arctangent function 21
argument of function 20
arithmetic arrays (see arrays, arithmetic)
arithmetic characters 13
arithmetic constants 16

in expressions 21
arithmetic data 15
arithmetic data formats 15
arithmetic expressions 21
arithmetic precision 15
arithmetic values 16
arithmetic variables 17

in arithmetic expression 21

naming of 20
array expressions 21
binary 57
unary 57
array operations (see matrix operations)
arrays 18, 19
arithmetic 19, 21
character 19, 23
asN function 21
Assignment statement 27, 29
ATN function 21

B

binary operators 21

blanks
in statement numbers 11
use of 14

branch (see 1F, GoTo statements )

C

character constants 17
assigned to variables 18
characters permitted in 13
in Assignment statement 29
in character expressions 23
in IF statement 36

length of 17

use of blanks in 14
character data 17
character expressions 23
character format 50
character set of BAsIC 13-14
character variables 18

in expressions 23

Index

naming of 20
characteristic 15
CLOSE statement 54.55
collating sequence 73-74

comma
as special character 13
in PRINT statement 48
comments 13
in END statement 40
in PAUSE statement 40
in REM statement 39
in RESTORE statement 44

in sTOP statement 40
compilation, end of 40
computed GoTO statement (see GoTo statement)
coN function 63-64
constant (see arithmetic constants; character constants)
control statements 27, 35-42
control variable 36
conversion of data values 51
conversion specification (see format specifications)
cos function 21
cosecant function 21
cosine function 21
coT function 21
cotangent function 21
csc function 21

D

data representation 15
DATA statement 43
DEF statement 31
pEG function 21
degree function 21
delimiters
in MAT PRINT statement 66
in PRINT statement 46
descriptive statements 27, 31-33
pET function 21
in MAT assignment statement 61
determinant of matrix 21
DpIM statement 32
dimensions of arrays 19
division
symbol 22
by zero 23
po-loop (see FOR and NEXT statements )
dummy variable 31

e (natural log) 17
E-format (see floating-point format)
EBCDIC collating sequence  73-74
in IF statement 36
in relational expressions 24
END statement 40
EXP function 21
exponent (see characteristic)
exponential format (see floating-point format)
exponential function 21
expressions 21-22
(see also arithmetic expressions; character expressions)
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F
F-format (see fixed-point format)
files 43

(see also input/output statements)
fixed-point format 15

in Image statement 50-51
floating-point format 15-16

in Image statement 50
FOR statement 36
formalized definition of BAsIC 77
format specifications 50
full print zone 47, 66
function reference 20
functions 20

intrinsic 20

user written (see DEF statement)

G

GET statement 33

GCOsUB statement 38

coTo as keyword in IF statement 36
GoTO statement 35

H

Hcs function 21

HsN function 21

HTN function 21

hyperbolic cosine function 21
hyperbolic sine’function 21

hyperbolic tangent function 21

identity matrix 62
N function 62-63
IF statement 36
I-format (see integer format)
image specifications (see format specifications)
Image statement 49
implicitly defined arrays (see arrays)
INPUT statement 45
input/output statements 43-55
INT function 21
integer format 15
in Image statement 50-51
integral part function 21
internal constants 17
interruption of execution (see PAUSE and sTOP statements )
intrinsic functions 21
INV function 21
inversion of matrices 61

L

LET statement (see Assignment statement)
LGT function 21

literal data (see character data)

LocG function 21

logarithm function 21

long precision 15

loop (see FOR and NEXT statements)
lower-case letters 13

LTw function 21

M

magnitude of numbers 15

mantissa 15

MAT assignment statement
addition and subtraction 59

110 Index

coN function 63
identity function 62

inversion function 61

multiplication 59

scalar multiplication 60

simple 58

transpose function 62

zER function 63
MAT GET statement 68
MAT INPUT statement 65
MAT PRINT statement 66

with INPUT statement 45

with PAUSE statement 40
MAT PRINT USING statement 67
MAT PUT statement 69
MAT READ statement 64
matrix operations 57-70

multiplication 22

N
naming of variables and arrays 20
natural logarithm 17
NEXT statement 36
null 46
numbers
(seealso arithmetic data)
as characters 13
large and small 17
of lines 11
of statements 11
precision of 15
random 21

numeric characters 13
numeric data (see arithmetic data)

o

one-dimensional arrays (see arrays)
operands 22

operators 21-22

order of execution 11

P

packed PRINT zone
in MAT PRINT statement 66
in PRINT statement 47
PAUSE statement 39
pi 17
pointer, data 43
precision 15
PRINT statement 46
with INPUT statement 45
with PAUSE statement 40
PRINT USING statement 49
print zones 47
priority of operators 22
program 11
PUT statement 52

Q

question mark

in INPUT statement 45

in MAT INPUT statement 65
quotation marks 17

nap function 21
radian function 21
random number function 21



READ statement 44

redimensioning arithmetic arrays

relational expressions 23-24
in IF statement 36

relational operators 23-24
in IF statement 36

REM statement 39

RESET statement 54

RESTORE statement 44

restrictions 71

RETURN statement 38

RND function 21

rounding errors 22

S

sample programs 75

scalar expressions 21

scientific notation 16

sEC function 21

secant function 21

semicolon in PRINT statement 48
SGN function 21

short precision 15

sign of number function 21

siN function 21

sine function 21

special characters 13-14

sQR function 21

square root function 21
standard output formats 46-47
statement line 11

statements

categories 11

definition 27

executable 11

non-executable 11

numbers 11
STEP as keyword in FOR statement 36
STOP statement 40
sub-expression 22
subroutines (see cosuB and RETURN statements )
subscripts of array references 18
subtraction 22

T

TAN function 21

tangent function 21

THEN as keyword in 1F statement 36
two-dimensional arrays (see arrays)

u

unary operators 21
user-written functions (see DEF statement)

v

variables (see arithmetic variables; character variables)
vectors 57

Z
ZER function 63
zero-divide 23

Index
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