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CHAPTER 1
INTRODUCTION

The Motorola M6800 EXORciser based FORTRAN compiler is a compact
computer system designed for the solution of small to medium scale
scientific and business problems. The system consists of the computer
hardware plus software. The minimum configuration is:

EXORciser

16,384 bytes of memory

One EXORdisk drive unit (262,244 bytes)
TTY or RS-232C compatible terminal
M6800 Resident Editor

M6800 Linking Loader

The minimum configuration may be expanded to include up to
65,536 bytes of memory and up to four disk drives for a total of over
a million bytes of disk storage capability. In addition, a variety
of hard copy and CRT terminals may be used.

The FORTRAN language is especially useful in writing programs
for applications that involve mathematical computations and other
manipulation of numerical data. The name FORTRAN is derived from
FORmula TRANslator.

Source programs written in the FORTRAN language consist of a set
of statements constructed by the programmer from the language elements
described in this publication.

In a process called compilation, the program called the FORTRAN
compiler analyzes the source program statements and translates them
into a machine language program called the object program. After
linking the object program with the M6800 Linking Loader, this program
can be executed on the Motorola MC6800 Microprocessor. In addition,
when the FORTRAN compiler detects errors in the source, it produces
the appropriate diagnostic error messages. Note that it is possible
to link FORTRAN and assembly language programs together.

1.1 The Resident FORTRAN Compiler is invoked with the EDOS-II
FORT command. This command and its parameters are defined as follows.

FORMAT :

FORT,1ist,object,source-1,source-2,----source-n
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PURPOSE :

To compile FORTRAN source file(s) with the M6800 FORTRAN
compiler and to produce a listing (optional) and relocatable object
file (optional).

COMMENTS :

list -- Listing file or device (allowable devices:
#LP-1ine printer, #CN-console)
If a 1isting file is selected, then an object
file cannot be specified. If entry is null,
no listing will be produced.
#LP8 or #CN8 causes conditional compilation
records to be compiled. See section 2.2.
#LP3 or #CN3 will prohibit paging of the
source listing.

object -- Relocatable object file
An object file cannot be specified if a listing
file is specified. If entry is null, no object
will be produced.

source -i -- File(s) containing the source program(s)
More than one program or subroutine may be
specified as source input. A source file
may contain a portion of a program or several
programs.

EXAMPLE :
FORT, #LP,0BJ, PROG1

Produces a listing including source, and symbol table on the line
printer and a relocatable object file, "0BJ", for the source program(s)
on file "PROG1".

1.2 Line and Character Delete

During execution of a source program an incorrectly entered
line of data at the ? may be deleted by holding down the CTRL (control)
key then pressing the X key. This will delete the data, give a carriage
return and a line feed, at which you may re-enter input. A character
can be deleted by holding down the CTRL (control) key and pressing the
DEL or rubout key. One character is deleted each time the DEL or
rubout key is pressed.

1.3 The Resident FORTRAN Compiler is invoked with the MDOS FORT
command. This command is defined briefly as follows.
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FORMAT:
FORT,SOURCE-1,SOURCE-2,---,SOURCE-n

PURPOSE ;

To compile source program statements written in M6800 FORTRAN
language and to produce a listing (optional) and relocatable object
file (optional).

COMMENTS:
source-i -- File(s) containing the source program(s).
More than one program or subroutine may be
specified as source input. A source file may
contain a portion of a program or several
programs. The relocatable object file will
have the same name as source-i with a default
suffix of "R0O". If there are more than one
source file, the output will be strung together.

For a full description of the MDOS FORT command, see the
MDOS command manual.
EXAMPLE:
FORT PROG1
This produces a listing including source on the line printer and

a relocatable object file PROG1.RO for the source program(s) on
file PROGI.
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CHAPTER 2
FORTRAN COMPILER

2.1 STATEMENTS

Source programs consist of a set of statements from which the
compiler generates machine instructions, constants, and storage areas.
A given FORTRAN statement effectively performs one of three functions:

1. Causes certain operations to be performed
(e.qg., addition, multiplication, branching).

2. Specifies the nature of the data being handled.

3. Specifies the characteristics of the source
program.

FORTRAN statements usually are composed of certain FORTRAN key
words used in conjunction with the basic elements of the language;
constants, variables, and expressions. The categories of FORTRAN
statements are as follows:

1. Arithmetic Assignment Statements: These
statements cause calculations to be performed
or conditions to be tested. The result re-
places the current value of a designated
variable or subscripted variable.

2. Control Statements: These statements enable
the user to govern the flow of and to terminate
the execution of the object program.

3. Input/OQutput Statements: These statements
enable the user to transfer data between
internal storage and the terminal or disk.

4. FORMAT Statement: This statement is used in
conjunction with input/output statements to
specify the form of a FORTRAN record.

5. DATA Initialization Statement: This statement
is used to assign initial values to variables.

6. Specification Statements: These statements are
used to declare the properties of variables and
arrays.

7. Subprogram Statements: These statements enable
the user to name and define functions and sub-
routines, which can be compiled following the
main program as one source file or as a separate
file not existing with the main program,
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8. OPENF/CLOSEF Statements: These statements are
used in conjunction with the disk I/0 to assign
a FORTRAN file number to a file name and set up
the EDOS pointers.

2.2 CODING FORTRAN STATEMENT

The statements of a FORTRAN source program can be entered on a
terminal with each line representing one 72-column line. If a
statement is too long for one line, it may be continued on successive
lines by placing an & symbol in column 1 of each continuation line.

As many blanks as desired may be written between keywords and
variable names to improve readability. Each keyword must have at
least one blank following it. Blanks that are inserted in Titeral
data are retained and treated as blanks within the data. Variable
names, keywords, and numbers may not contain embedded blanks.

Comments to explain the program may be written in columns 2
through 72 of a line if the letter C is placed in column 1. Comments
may appear between FORTRAN statements; a comment 1ine may not immedi-
ately precede a continuation line. Comments are ignored by the FORTRAN
compiler. Blanks may be inserted where desired to improve readability.

The C indicating a comment record, the character & signifying
statement continuation, and an X for conditional compilation must
start in column one. If an X is in column one, the record is treated
as a comment unless #LP8 or #CN8 is used when invoking the compiler.

In this case, records with an X in column one will be compiled.
Statement numbers ranging from 1-99999 also start in column one and
are followed by at least one blank. A1l other statements may start
anywhere from 2-72.

2.3 ELEMENTS OF THE LANGUAGE

The basic elements of the language are discussed in the following
paragraphs. The actual FORTRAN statements in which these elements are
used are discussed in subsequent chapters. The term program unit
refers to a main program or a subprogram.

The order of a FORTRAN program unit is as follows:

Subprogram statement, if any.

2. COMMON and DIMENSION statements, if any.
They may be intermixed.

3. DATA statements, if any.

Executable statements, at least one of which
must be present.

5. END statement.

FORMAT and DATA statements may appear anywhere before the END
statement. DATA statements, however, must follow any specification
statements that contain the same variable or array names.
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2.4 CONSTANTS

A constant is a fixed, unvarying quantity. There are two classes
of constants -- those that specify numbers (numerical constants), and
those that specify Titeral data (literal constants).

Numerical constants may be integer or real numbers; and literal
constants may be a string of alphameric and/or special characters.
2.4.1 Integer Constants

DEFINITION An Integer Constant is a whole number written with-

out a decimal point. Tt occupies two bytes of memory. The maximum
magnitude is 32,767 (215-1),

An integer constant may be positive, zero, or negative; if un-
signed, it is assumed to be positive. Its magnitude must not be
greater than the maximum and it must not contain embedded commas.

EXAMPLES
Valid Integer Constants
0
91
173
-21474

Invalid Integer Constants

27. (contains a decimal point)
3145903612  (exceeds the allowable range)
5,396 (contains an embedded comma)

2.4.2 Real Constants

DEFINITION A Real Constant has one of three forms: a basic
real constant, a basic real constant followed by a decimal exponent,
or an integer constant followed by a decimal point. A real constant
occupies four bytes of memory.

A basic real constant is a string of up to eight decimal digits with
a decimal point. The basic real constant occupies four storage loca-
tions (bytes).

The magnitude_of the real constant is 0 or 16'65 (approximately
10-78) through 1693 (approximately 1075).

The precision using four bytes is six hexadecimal digits (approx-
imately 7.2 decimal digits).
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A real constant may be positive, zero, or negative (if unsigned,
it is assumed to be positive) and must be of the allowable magnitude.
It may not contain embedded commas. The decimal exponents permit
the expression of a real constant as the product of a basic real con-
stant or integer constant times 10 raised to a desired power.

EXAMPLES
Valid Real Constants

+0
-999,9999 .

7.0E 0 (i.e., 7.0 x 100 = 7.0)
19761.25E 1 (i.e., 19761.25 x 10 = 197612.5)
7.E3

7.0E3 (i.e., 7.0 x 103 = 7000.0)

7E-03 (i.e., 7.0 x 1073 = 0.007)

Invalid Real Constants

1 (Missing a decimal point or a decimal exponent)

3,471.1 (Embedded comma)

1.E (Missing a 1- or 2-digit integer constant
following the E. Note that it is not interpreted
as 1.0 x 100,)

1.2E 113 (E is followed by a 3-digit integer constant)

23.5E 97 (Magnitude og;s1de the allowable range; that
is 23.5 x 107/ >1603)

21.3E-90 (Magnitude outside tgg allowable range; that
is 21.3 x 10-90 <16-69)

2.4.3 Literal Constants

DEFINITION A Literal Constant is a string of alphanumeric and/or
special characters, enclosed in apostrophes.

The string may contain any characters. Each character requires
one byte of storage. The number of characters in the string, including
blanks, may not be greater than 72.

Literals may be used in FORMAT, DATA, and assignment statements.
Literals also may be used as the actual arguments in a CALL statement.
However, literals used in DATA and assignment statements and as
arguments in a CALL statement are limited to two bytes and may be
used only with integers.

EXAMPLES

'DATA'

'X-COORDINATE Y-COORDINATE Z-COORDINATE'
‘3.14'

K= "AB'



2.5 SYMBOLIC NAMES

DEFINITION Symbolic Names are from 1 through 6 alphanumeric
characters (i.e., numerics O through 9 and alphabetic A through Z),
the first of which must be alphabetic. No element, such as GOTO, IF,
FORMAT, etc... may be used as a symbolic name. All elements are
considered reserved words.

DESCRIPTION  Symbolic Names are used in a program unit (i.e.,
a]main program or a subprogram) to identify elements in the following
classes.

An array and the elements of that array (see "ARRAYS")
A variable (see "VARIABLES")

An intrinsic function

A FUNCTION subprogram (see "FUNCTION Subprograms")

A SUBROUTINE subprogram (see "SUBROUTINE Subprograms")

Symbolic names must be unique within a class in a program unit
and can identify elements of only one class with the following exception.

A FUNCTION subprogram name must also be a variable name in the
FUNCTION subprogram,.

Once a symbolic name, or an external procedure name is used in
any unit of an executable program, no other program unit of that ex-
ecutable program can use that name to identify an entity of these
classes in any other way.

2.6 VARIABLES

A FORTRAN variable is a symbolic representation of a quantity
that occupies a storage area. The value specified by the name is
always the current value stored in the area.

For example, in the statement:
A =5,0+B

both A and B are variables. The value of B is determined by some
previous statement and may change from time to time, The value of A
is calculated whenever this statement is executed and changes as the
value of B changes.

2.6.1 Variable Name

Using meaningful variable names can serve as an aid in documenting
a program, That is, someone other than the programmer may look at the
program and understand its function. For example, the equation to
compute the distance a car travels in a given period of time at a given
rate of speed could be written.

X=Y*x7Z
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Where * designates multiplication. However, it would be more meaning-
ful to an individual reading this equation if the programmer had written

DIST = RATE * TIME
EXAMPLES

Valid Variable Names:

B292S

RATE

VAR

Invalid Variable Names:

B292704 (Contains more than six characters)
4ARRAY (First character is not alphabetic)
SI.X (Contains a special character)

2.6.2 Variable Types and Lengths

The type of a variable corresponds to the type of data the variable
represents. Thus, an integer variable represents integer data or literal
data and a real variable represents real data.

For each type of variable, there is a corresponding number of stor-
age locations (bytes) that are reserved for the variable. The following
1ist shows each variable type with its associated length:

Variable Type Length
Integer 2
Real 4

2.6.3 Type Declaration By The Predefined Specification

The predefined specification is a convention used to specify variables
as integers or reals as follows:

1. If the first character of the variable name is I, J, K,
L, M, or N, the variable is integer of length 2.

2. [If the first character of the variable name is any other
alphabetic character, the variable is real of length 4,
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This convention is the traditional FORTRAN method of implicitly
specifying the type of a variable as being either integer or real.
In all examples that follow in this publication it is presumed that
this specification applies.

2.7 ARRAYS

DESCRIPTION A FORTRAN array is a set of variables identified
by a single variable name. A particular variable in the array may
be referred to by its position in the array (e.g., first variable,
third variable, seventh variable, etc.). Consider the array named
NEXT which consists of five variables, each currently representing
the following values: 273, 41, 8976, 59, and 2.

NEXT(1) 1is the location containing 273
NEXT(2) 1is the location containing 41
NEXT(3) 1s the location containing 8976
NEXT(4) dis the Tocation containing 59
NEXT(5) 1is the location containing 2

Each variable (element) in this array consists of the name of
the array (i.e., NEXT) immediately followed by a number enclosed in
parentheses, called a subscript quantity. The variables which the
array comprises are called subscripted variables. Therefore, the
subscripted variable NEXT(1) has the value 273; the subscripted vari-
able NEXT(2) has the value 41, etc.

The subscripted variable NEXT(I) refers to the "Ith" subscripted
variable in the array, where I is an integer variable that may assume
a value of 1, 2, 3, 4, or 5,

To refer to any element in an array, the array name must be sub-
scripted. In particular, array name alone does not represent the first
element.

Consider the following array named LIST described by two subscript
quantities, the first ranging from 1 through 5, the second from 1 through
3:

Column 1 Column 2 Column 3
ROW 1 32 4 7
ROW 2 12 13 14
ROW 3 91 1 31
ROW 4 24 16 10
ROW 5 2 8 2

2-7



Suppose it is desired to refer to the number in row 2, column 3;
this would be:

LIST (2,3)
Thus, LIST (2,3) has the value 14 and LIST (4,1) has the value 24.

Ordinary mathematical notation might use LIST to represent any
element of the array LIST. In FORTRAN, this is written as LIST(I,J)
where I equals 1, 2, 3, 4, or 5 and J equals 1, 2, or 3.

2.7.1 Declaring The Size And Type Gf An Array

The size (number of elements) of an array is specified by the
number of subscript quantities of the array and the maximum value of
each subscript quantity. This information must be given for all arrays
before using them in a FORTRAN program so that an appropriate amount
of storage may be reserved., Declaration of this information is made
by a DIMENSION statement or a COMMON statement. These statements are
discussed in detail in Chapter 7 "SPECIFICATION STATEMENTS." The type
of an array name is determined by the conventions for specifying the
type of a variable name. Each element of an array is of the type speci-
fied for the array name.

2.7.2 Arrangement Of Arrays In Storage
Arrays are stored in ascending storage locations, with the value
of the first of the subscript quantities increasing most rapidly and

the value of the last increasing least rapidly.

For example, the array LIST, whose values are given in the previous
example, is arranged in storage as follows:

821291 24241311687 1431102

The array named A, described by one subscript quantity which varies
from 1 to 5, appears in storage as follows:

A(1) A(2) A(3) A(4) A(5)
The array named B, described by two subscript quantities with the
first subscript quantity varying over the range from 1 to 5, and the

second varying from 1 to 3, appears in ascending storage locations in
the following order:

B(1,1) B(2,1) B(3,1) B(4,1) B(5,1)
B(1,2) B(2,2) B(3,2) B(4,2) B(5,2)
8(1,3) B(2,3) B(3,3) B(4,3) B(5,3)
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Note that B(1,2) and B(1,3) follow in storage B(5,1) and B(5,2),
respectively.

The following list is the order of an array named C, described
by three subscript quantities with the first varying from 1 to 3,
the second varying from 1 to 2, and the third varying from 1 to 3:

c(1,1,1) €(2,1,1) €(3,1,1) ¢(1,2,1) C(2,2,1) C(3,2,1)
c(1,1,2) ¢(2,1,2) €(3,1,2) €(1,2,2) €(2,2,2) C(3,2,2)
€(1,1,3) ¢(2,1,3) €(3,1,3) €(1,2,3) €(2,2,3) C(3,2,3)

Note that C(1,1,2) and C(1,1,3) follow in storage C(3,2,1) and
C(3,2,2), respectively.

2.8 SUBSCRIPTS

DESCRIPTION A subscript is an integer subscript quantity or a
set of integer subscript quantities separated by commas, that is used
to identify a particular element of an array. The number of subscript
quantities in any subscript must be the same as the number of dimensions
of the array with which the subscript is associated. A subscript is
enclosed in parentheses and is written immediately after the array name.
A maximum of three subscript quantities can appear in a subscript. Valid
types are: integer constant, integer variable, or integer variable +
integer constant.

The following restrictions apply to the construction of subscript quantities.

1. Subscript quantities may not contain arithmetic expressions
that use any of the arithmetic operators: *,/,**,

Subscript quantities may not contain function references.
Subscript quantities may not contain subscripted names.

Variable subscripts must be integer only (not real).

o + w [AV]
. . . .

The evaluated result of a subscript quantity should always
be greater than zero and less than or equal to the size of
the corresponding dimension.

A subscript may have one of the following forms:

1. Positive integer constant i.e., 3, 21, 418

2. Integer variable

w

Integer variable plus/minus constant i.e., NOX+3, IX-5
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EXAMPLES
Valid Subscripted Variables:
ARRAY (IHOLD)
NEXT (19)
MATRIX (I-5)

Invalid Subscripted Variables:

ARRAY (-5) (A subscript quantity may not be negative)
LOT (0) (A subscript quantity may never be nor
assume a value of zero)
ALL(X) (A subscript quantity may not be a real
variable)
2.9 EXPRESSIONS

The value of an arithmetic expression is always a number whose
type is integer or real.

2.9.1 Arithmetic Expressions

The simplest arithmetic expression consists of a primary which
may be a single constant, variable, subscripted variable, function
reference, or another expression enclosed in parentheses., The primary
may be either integer or real.

In an expression consisting of a single primary, the type of the
primary is the type of the expression.

EXAMPLES
Primary Type of Primary Type of Expression
3 Integer constant Integer of length 2
A Real variable Real of length 4
3.14E3 Real constant Real of length 4
SIN(X) Real function reference Real of length 4
(A*B+C) Parenthesized real Real of length 4

expression
More complicated arithmetic expressions containing two or more

primaries may be formed by using arithmetic operators that express the
computation(s) to be performed.
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2.9.2

Arithmetic Operators

The arithmetic operators are as follows;

Arithmetic Operator Definition
¥k Exponentiation
* Multiplication
/ Division
+ Addition
- Subtraction
2.9.3 Rules for Constructing Arithmetic Expressions

The following are the rules for constructing arithmetic expressions
that contain arithmetic operators.

1.

A1l desired computations must be specified explicitly.
That is, if more than one primary appears in an
arithmetic expression, they must be separated from
one another by an arithmetic operator. For example,
the two variables A and B will not be multiplied if
written:

AB

If multiplication is desired, the expression must be
written as follows:

A*B or B*A

No two arithmetic operators may appear in sequence in
the same expression.

For example, the following expressions are invalid:
A*/B and A***B
The expression A* -B is an exception and is treated as
A*(-B)
In effect, -B will be evaluated first and then A will be
multiplied with it. (For further uses of parentheses,
see rule 3.)
Order of Computation: Computation is performed from left

to right according to the hierarchy of operations shown
in the following list.
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Operation Hierarchy

Evaluation of functions 1st
Exponentiation (**) 2nd
Multiplication and division (* and /) 3rd
Addition and subtraction (+ and -) 4th

This hierarchy is used to determine which of two consecu-
tive operations is performed first. If the first operator
is higher than or equal to the second, the first operation
is performed. If not, the second operator is compared to
the third, etc. When the end of the expression is en-
countered, all of the remaining operations are performed
in reverse order.

For example, in the expression A*B+C*D**I, the operations
are performed in the following order:

a. A*B Call the result X (multiplication) (X+C*D**I)
b. D**I Call the result Y (exponentiation) (X+C*Y)
c. C*Y Call the result Z (multiplication) (X+Z)
d. X+Z Final operation (addition)
A unary minus has the highest hierarchy. Thus,
A= -B is treated as A=0-B

A= -B*C is treated as A=(-B)*C

A= -B+C is treated as A=(-B)+C

Parentheses may be used in arithmetic expressions, as in
algebra, to specify the order in which the arithmetic
operations are to be computed. Where parentheses are
used, the expression within the parentheses is evaluated
before the result is used. This is equivalent to the
definition above since a parenthesized expression is a
primary.

For example, the following expression:
B+( (A+B)*C)+A**2

is effectively evaluated in the following order:
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a. (A+B) Call the result X B+(X*C)+A**2
b, (X*C) Call the result Y B+Y+A**2

c. B+Y Call the result W W+A**2
d, A**? Call the result Z W+Z
e, W+zZ Final operation

The type and length of the result of an operation depends
upon the type and length of the two operands (primaries)

involved in the operation. Table 2-1 shows the type and

length of the result of the operations +, -, *, and /.

TABLE 2-1. DETERMINING THE TYPE AND LENGTH OF THE RESULTS
OF +, -, *, / OPERATIONS

+ - %/ INTEGER (2) REAL (4)
INTEGER (2) Integer (2) Real (4)
REAL (4) Real (4) ~ Real (4)

NOTE
When division is performed using two integers, the answer
is truncated and an integer answer is given. For example,
if 1=9 and J=2, then the expression (I/J) would yield an
integer answer of 4 after truncation.

Assume that the type of the following variables has been
specified as follows:

Variable Names Type Length Specification
C, D Real Variable 4, 4
I, J, K Integer Variable 2, 2, 2

Then the expression I*J/C**K+D is evaluated as follows:

Subexpression Type and Length
I*J (Call the result M) Integer of length 2
C**K (Call the result Y) Real of length 4
M/Y (Call the result Z) Real of length 4
Z+D Real of length 4



Thus, the final type of the entire expression is real of
length 4, but the type changed at different stages in the
evaluation. Note that, depending on the values of the
variables involved, the result of the expression I*J*C
might be different from I*C*J.

5. The arithmetic operator denoting exponentiation (i.e., **)
may only be used to combine the types of operands shown in
Table 2-2.

TABLE 2-2. VALID COMBINATIONS WITH THE ARITHMETIC OPERATOR **

Base Exponent
Integer *k Integer
Real *% Integer
2.9.4 Logical Expressions

DESCRIPTION A Tlogical expression consists of two arithmetic
expressions, which may be simple variables, connected by one of the
following relational operators:

.EQ. - equal
.NE. - not equal

.GT. - greater than

LT. - 1less than

.GE. - greater than or equal to

.LE. - Tless than or equal to
EXAMPLES

C.EQ.C

C+5.0.NE. 21
(C+D)*E.GT.50
It should be clearly understood here that arithmetic expressions
involved in relational operations are evaluated first before the
relational operation is applied.

Relational operations in turn may be connected by the use of the
logical connectives .AND. and .0R.:

C.EQ.D.OR.E.EQ.F
C.NE.D.AND.E.GT.F.OR.G.EQ.H
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Normally .AND. operations have a higher hierarchy than .OR, operations,
thus C.EQ.D.AND.E.GT.F.OR.G.EQ.H is evaluated as

(C.EQ.D.AND.E.GT.F) .OR.G.EQ.H
However parentheses may be used to change the order or evaluation -
C.EQ.D.AND.(E.GT.F.OR.G.EQ.H)

The meaning of a logical operation may be reversed by the modifier
.NOT..

.NOT.(W.EQ.Y.AND.Z.EQ.V)
means everything but the intersection of W.EQ.Y.AND.Z.EQ.V
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CHAPTER 3
ARITHMETIC ASSIGNMENT STATEMENT

3.1 GENERAL FORM

The general form is

Where: is a subscripted or nonsubscripted variable
1

a
b is an arithmetic expression

This FORTRAN statement closely resembles a conventional algebraic
equation; however, the equal sign specifies replacement rather than
equality. That is, the expression to the right of the equal sign

is evaluated, and the resulting value replaces the current value of
the variable to the left of the equal sign.

Table 3-1 gives the conversion rules used for placing the evaluated
result of arithmetic expression b into variable a.
3.2 ASSIGNMENT STATEMENTS

Assume that the type of the following variables has been specified
as:

Variable Names Type Length Specification
I, J, K Integer Variables 2
A, B, C, D Real variables 4

Then the following examples illustrate valid arithmetic state-
ments using constants, variables, and subscripted variables of different
types:

Statements Description
A=8 The value of A is replaced by the

current value of B.

K=8 The value of B is truncated to an
integer value, and this value replaces
the value of K.

A=1 The value of I is converted to a real
value, and this result replaces the
value of A.

I=1+1 The value of I is replaced by the value
of I + 1.

A =C*D The product of C and D replaces the
value of A.
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TABLE 3-1. CONVERSION RULES FOR THE ARITHMETIC ASSIGNMENT STATEMENT

a=b
Type
of b
Type
of a INTEGER REAL
INTEGER Assign Fix and Assign
REAL Float and Assign
assign

1. Assign means transmit the resulting value, without change. If
the significant digits of the resulting value exceed the specified
length, results are unpredictable.

2, Fix means transform the resulting value to the form of a real
constant and truncate the fractional portion.

3. Float means transform the resulting value to the form of a

REAL number, retaining in the process as much precision of
the value as a REAL number can contain.
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CHAPTER 4
CONTROL STATEMENTS

4.1 INTRODUCTION

Normally, FORTRAN statements are executed sequentially. That
is, after one statement has been executed, the statement immediately
following it is executed. This section discusses the statements

that may be used to alter and control the normal sequence of execu-
tion of statements in the program.

4,2 GO TO STATEMENTS

GO TO statements permit transfer of control to an executable
statement specified by number in the GO TO statement. Control may
be transferred either unconditionally or conditionally. The GO TO
statements are:

1. Unconditional GO TO statement

2. Computed GO TO statement

4,2.1 Unconditional GO TQO Statement

GENERAL FORM

G0 TO XXXX

Where: XXXX is an executable statement number.
The GO TD must be separated by a blank.

This GO TO statement causes control to be transferred to the
statement specified by the statement number. Every subsequent execu-
tion of this GO TO statement results in a transfer to that same
statement. Any executable statement immediately following this
statement must have a statement number; otherwise it can never be
referred to or executed.

EXAMPLE
GO TO 25
10A=8E+C
25 C = E¥**2
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In this example, each time the GO TO statement is executed, control
is transferred to statement 25.

4.2.2 Computed GO TO Statement
GENERAL FORM

GO TO ( 1, 52’ &,...,En), i

Where: Xys XpseeusXp, are executable statement numbers.

i is a nonsubscripted integer variable whose
current value is in the range: 1< i< n,

The GO TO must be separated by a blank.

This statement causes control to be transferred to the statement
numbered X1> vy OF Xy depending on whether the current value
of i is 1,72 ‘5,..., or n, respectively. The index i is checked at
execution time to ensure it is within the range 1 <7 <n. If the
index is less than 1, execution will continue at statement X1. If
the index i is greater than n, execution will continue at statement

Xp No error message will be given.

EXAMPLE
GO TO (25, 10, 7), ITEM

7 C = E**2+A

25L=¢C

10 B + 21.3E02
In this example, if the value of the integer variable ITEM is

1, statement 25 will be executed next. If ITEM is equal to 2, state-
ment 10 is executed next, and so on.
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4.3 ARITHMETIC CONTROL STATEMENTS

4.3.1 Arithmetic IF Statement
GENERAL FORM

IF (a) X1, X2, X3

Where: a is any arithmetic expression.
X1» X2, X3 are any executable statement numbers.

The arithmetic IF statement causes control to be transferred to the
statement numbered X1, X2, or x3 when the value of the arithmetic expression
(a) is less than, equal to, or greater than zero, respectively. The first
executable statement following the arithmetic IF statement must have a
statement number; otherwise, it can never be referred to or executed.

EXAMPLE
IF (A(J,K)**3-B)10, 4, 30

.

.

4D=B+C
30 C = D**2
10 £ = (F*B)/D+1

In this example, if the value of the expression (AfJ,K)**3-B) is
negative, the statement numbered 10 is executed next. If the value of the

expression is zero, the statement number 4 is executed next. If the value
of the expression is positive, the statement numbered 30 is executed next.
4,3,2 Logical IF Statement

GENERAL FORM

IF (a), s
Where: a is any logical expression.

s is any valid executable FORTRAN statement
except IF or DO.
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The statement s is executed if the expression a is true; otherwise, the
next executable statement following the logical IF statement is executed.
The statement following the logical IF will be executed in any case after
the statement s, unless the statement s causes a transfer.

EXAMPLES

IF (FLAG1.0R.FLAG2) GO TO 123
IF (A*B.LT.1.23) CALL RATE
IF (.NOT.(A,LT.6.0.0R.B.GT.5.0) RETURN

If only a variable name is given as a, the variable will be considered
true and the statement s will be executed if the named variable is positive
(greater than or equal to zero). The variable will be considered false and
the statement s will not be executed if the named variable is negative.

IF (MONDAY) GO TO 10
NOTE

It the expression (a) is real, a test for exact zero, or a test with
the logical operator.EQ., may not be meaningful on a binary machine. If
the expression involves any amount of computation, a very small value is
rore likely to result than a zero. When testing to branch equal using .[Q.,
the value may be very close and differ only in the least significant bit.
For this reason, IF statements using real floating-point numbers should not
be programmed to have a zero or ,EQ. value.

4.3.3 DO Statement
GENERAL FORM

End of [0} Initial Test
Range Variable Value Value Increment
bo X i= my Mz m3

Where: x is an executable statement number appearing

after the DO statement.

i is a nonsubscripted integer value and cannot be a

dummy. m3, my, and m3 are either unsigned integer

constants greater than zero or unsigned

nonsubscripted integer variables whose value

is greater than zero. my may not exceed 216-2

in value. m3 is optional; if it is omitted,

its value is assumed to be 1. In this case,

the preceding comma must also be omitted.

The DO and x must each be sepgrated by a blank.

Values ml, m2, or m3 may not be an expression

The DO statement is a command to execute, at least once, the statements

that physically follow the DO statement, up to and including the statement
numbered x. These statements are called the range of the DO. The first
time the statements in the range of the DO are executed, i is initialized
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to the value my; each succeeding time i is increased by the value m3. When,
at the end of the iteration, i is equal to the highest value that does not
exceed mp, control passes to the statement following the statement numbered
x. Thus, the number of times the statements in the range of the DO are
executed is given by the expression:

m2 - m +1
m3

where the brackets represent the largest integral value not exceeding the
value of the expression within the brackets. If mp is less than my, the

statements in the range of the DO are executed once. Upon completion of

the DO, the DO variable is undefined and may not be used until assigned a
value (e.g., in a READ list).

There are several ways in which looping (repetitively executing the
same statements) may be accomplished when using the FORTRAN language. For
example, assume that a manufacturer carries 1000 different machine parts
in stock. Periodically, he may find it necessary to compute the amount of
each different part presently available. This amount may be calculated by
subtracting the number of each item used, OUT (I), from the previous stock
on hand, STOCK (I).

EXAMPLE 1
[=0
10 I=I+1
STOCK(I)=STOCK(I)-0UT(I)
IF(1-1000) 10, 30, 30
30 A=B+C

The first, second, and fourth statements required to control the
previously shown loop could be replaced by a single DO statement, as shown
in Example 2.

EXAMPLE 2

D025 1 = 1, 1000
25 STOCK(I) = STOCK(I) - OUT(I)
A = B4C
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In Example 2, the DO variable, 1 is set to the initial value of 1.
Before the second execution of statement 25, I is increased by the increment,
1, and statement 25 is again executed. After 1000 executions of the DO
loop, I equals 1000. Since I is now equal to the highest value that does
not exceed the test value, 1000, control passes out of the DO loop and the
third statement is executed next. Note that the DO variable I is now un-
defined; its value is not necessarily 1000 or 1007.

EXAMPLE 3
DO 25 1 = 1,10, 2
J=1+K
25 ARRAY(J = BRAY(J)
A=B+C

In Example 3, statement 25 is the end of the range of the DO loop.
The DO variable, I, is set to the initial value of 1. Before the second
execution of the DO loop, I is increased by the increment, 2, and the
second and third statements are executed a second time. After the fifth
execution of the DO loop, I equals 9. Since I is now equal to the high-
est value that does not exceed the test value, 10, control passes out of
the DO Toop and the fourth statement is executed next. Note that the
DO variable I is now undefined; its value is not necessarily 9 or 11,

4.3.4 Programming Considerations in Using a DO Loop

1. The indexing parameters of a DO statement (i, m
My, m3) should not be changed by a statement w1%h1n
fﬁe range of the DO Loop.

2. There may be other DO statements within the range of
DO statement. Al1 statements in the range of an inner
DO must be in the range of the outer DO. A set of DO
statements satisfying this rule is called a nest of DO's.

EXAMPLE 1
DOS0OI =1,4
A(I) = B(I)**2 Range of
DO 500 =1, 5:1 Range of outer DO
50 C(J+1) = A(I) inner DO
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EXAMPLE 2

3.

DO 10 INDEX = L, M
N = INDEX + K Range of
DO 154J =1, 100, 2 Range of outer DO
15 TABLE(J) = SUM(J,N) 1_ Jinner DO
10 B(N) = A(N)

A transfer out of the range of any DO loop is permissible
at any time,

The extended range of a DO is defined as those statements
in the program unit containing the DO statement that are
executed between the transfer out of the innermost DO of
a nest of DO's and the transfer back into the range of this
innermost DO. The following restrictions apply:
- Transfer into the range of a DO is permitted only if
such a transfer is from the extended range of the DO.
- The extended range of a DO statement must not contain
another DO statement that has an extended range if
the second DO is within the same program unit as the
first.
- The indexing parameters (i, m ) cannot be
changed in the extended range of‘%he—ﬁ

Note that a statement that is the end of the range of more than one
DO statement is within the innermost DO. The statement label of such a
terminal statement may not be used in any GO TO or arithmetic IF statement
that occurs anywhere but in the range of the most deeply contained DO with
that terminal statement.

EXAMPLE

DO C
DO — DO
] .
DO
2 ——
— 6

7

In the preceding example, the transfers specified by the numbers 1, 2,
and 3 are permissible, whereas those specified by 4, 5, 6, and 7 are not.

5.

The indexing parameters (i, my, mp, m3) may be changed
by statements outside the range of the DO statement
only if no transfer is made back into the range of the
DO statement that uses those parameters.
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6. The last statement in the range of a DO loop
{statement x) must be an executable statement.
It cannot be a GO TO statement of any form, or a
STOP, RETURN, arithmetic IF statement, or another
DO statement.

7. The use of, and return from, a subprogram from
within any DO Toop in a nest of DO's is permitted.

4.3,5 CONTINUE Statement
GENERAL FORM

CONTINUE

CONTINUE is a dummy statement that may be placed anywhere in the source
program without affecting the sequence of execution. It may be usec as the
last statement in the range of a DO in order to avoid ending the DO loop
with a GO TO, STOP, RETURN, arithemetic IF, or another DO statement.

EXAMPLE 1

D030 I =1, 20
7 IF (A(I)-8(1)) 5, 30, 30
5 A(I) = A(I) + 1.0

B(1) = B(I) - 2.0

GO TO 7 '

30 CONTINUE
C = A(3) + B(7)

In example 1, the CONTINUE statement is used as the last statement in
the range of the DO in order to avoid ending the DO loop with the statement
GO TO 7.

EXAMPLE 2

DO 30 I =
IF (A(I)—
5 A(1) = C(I
GO TO 30
40 A(I) = 0.
30 CONTINUE

20
)) 5, 40, 40

1,
(1
)
0
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In example 2, the CONTINUE statement provides a branch point enabling
the programmer to bypass the execution of statement 40,

4.3.6 STOP Statement
GENERAL FORM

STOP

The STOP statement terminates the execution of the object program.

4.3,7 END Statement
GENERAL FORM

END

The END statement is a nonexecutable statement that defines the end of
a source program or source subprogram for the compiler. Physicaily, it must
be the last statement of each program or subprogram. The END statement also
terminates program execution if it is encountered during execution of the
program.
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CHAPTER 5
INPUT/OUTPUT STATEMENTS

Input/output statements are used to transfer and control the flow of
data between internal storage and an input/output device, such as a
TTY Terminal or disk storage unit.

5.1 INPUT/OUTPUT LIST

Input/output statements in FORTRAN are primarily concerned with the
transfer of data between storage locations defined in a FORTRAN program
and records external to the program. On input, data is taken from a
record and placed into storage locations that are not necessarily
contiguous. On output, data is gathered from diverse storage locations
and placed into a record. An I/0 list is used to specify which storage
locations are used. The I/0 1ist can contain variable names, subscripted
array names, unsubscripted array names, or array names accompanied by
indexing specifications in a form called an implied DO. No function
references or arithmetic expressions are permitted in an I/0 list.

if an unsubscripted array name appears in the list, the entire array
is transmitted in the order in which it is stored. (If the array has more
than one dimension, it is stored in ascending storage locations, with the
value of the first subscript quantity increasing most rapidly and the value
of the last increasing least rapidly. An example is given in Paragraph
2.7.2, "Arrangement of Arrays in Storage.")

if en implied DO appears in the I/0 list, the elements of the array(s)
specified by the implied DO are transmitted. The implied DO specification
is enclosed in parentheses. Within the parentheses there are one or more
subscripted array names, separated by commas with a comma following the
last name, followed by indexing parameters i=mj, mp, m3. The indexing
parameters are as defined for the DO statement. Their range is the list of
the DO-implied 1ist and, for input lists, i, m;, my, and m3 may appear
within that range only in subscripts.

Fer example, assume that A is a variable and that B, C, and D are
1-dimensional arrays each containing 20 elements. Then the statement:

PRINT 998, A, B, (C(I), I=1,4), D(4)

writes the current value of variable A, the entire array B, the first four
elements of the array C, and the fourth element of D.

Implied DO's can be nested if required. For example, the following
would be written to read an element into array B after values are read
into each row of a 10x20 array A:

READ 998, ((A(I,J), J=1,10), B(I), I=1,20)
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The order of the names in the list specifies the order in which the
data is transferred between the record and the storage locations.

Data is transmitted under control of a FORMAT statement controlling
the transmission of the data in the record from a form that can be read by
the programmer to a coded form that satisfies the needs of machine represen-
tation. The transformation for input takes the character codes and constructs
a machine representation of an item. The output transformation takes the
machine representation of an item and constructs character codes suitable
for printing. Most transformations involve numeric representations that
require base conversion. The programmer must include a FORMAT statement
in the program and must give the statement number of the FORMAT statement
in each READ or WRITE statement.

5.2 SEQUENTIAL INPUT/OUTPUT STATEMENTS

There are four sequential input/output statements : READ, WRITE, PRINT,
and REWIND. The READ and WRITE statements initiate the transfer of records
of sequential files or terminal data transfer. The PRINT statement is used
to transfer data to the terminal. The REWIND statement controls the posit-
ioning of the file. In addition to these four statements, the FORMAT state-
ment, although not an input/output statement, is used with the READ, WRITE,
and PRINT statements.

Before data can be read from or written to a disk file the file must
be opened. VWhen file I/0 is complete the file must be closed before the
program is terminated. See Paragraph 5.8, OPENF/CLOSEF Statements for
a discussion of these commands
5.3 READ STATEMENT

GENERAL FORM

Wihere: a is the statement number of the FORMAT
statement describing the record(s) being

b is an unsigned integer constant or an
integer variable that is in the range
14b<255 and represents a file reference

list is an I/0 list of the variables that
will be read in accordance with FORMAT a.
The file number 100 may be used to read
from terminal.

The READ statement may take many forms. The value of a must always
be specified, but under appropriate conditions b can be omitted.

The basic forms of the READ statement are:

5-2



FORM PURPOSE

READ (b,a) list Formatted READ from input device.
[f b =100, formatted READ from a
TTY terminal.

READ a, list Formatted READ from TTY Terminal.

The form READ (b,a) 1ist is used to read data from file number b into
the variables whose names are given in the list. The data is transmitted
from the file to memory according to the specifications in the FORMAT
statement, which is statement number a.

EXAMPLE 1
READ (5,98) A,B,(C(I,K),I1=1,10)
The above statement causes input data to be read from the data file
number 5 into the variables A, B, C(1,K), C(2.X),...,C(10,K) in the format
specified by the FORMAT statement whose statement number is 98.

The form READ a, list is used to read data from the TTY Terminal
according to the specifications of FORMAT statement a.

EXAMPLE 2
READ 98, A,B,(C(I,K),I=1,10)

The above statement causes input data to be read from the TTY Terminal
keyboard into the variables A, B, C(1,K), C(2,K),...,C(10,K) in the format
specified by the FORMAT statement whose statement number is 98.

EXAMPLE 3

READ (100,98) A, B, (C(1,K), I=1,10)

The above statement reads data from the terminal as in the preceding
example.

The following example shows a sample program used to read a disk file.
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I=10

J="Xx'

K=0

CALL OPENF(I,J,K,L)

READ(I,50) II,JJ,KK

PRINT 50, II,JdJ,KK

CALL CLOSEF(I,J,K,L)
50 FORMAT (313)

END

5.4 WRITE STATEMENT
GENERAL FORM

WRITE (b,a) list

Where: a is the statement number of the FORMAT
statement describing the record(s) being
written.

b is an unsigned integer constant or an
integer variable that is in the range
1¢<b¢255 and represents a file reference
number.

The file number 101 may be used to print
data at the terminal. The file number
102 is used to print data at the line
printer.

1ist is optional and is an I/0 list of
variables that will be written to disk
according to the FORMAT a.

The statement WRITE (b,a) 1ist is used to write data into the file
whose reference number is b from the variables whose names are given in the
1ist. The data is transmitted from memory to the file according to the
specifications in the FORMAT statement, whose statement number is a.

EXAMPLE
WRITE (10,75) A,(8B(1,3),I=1,10,2),C

The above statement causes data to be written from the variables A,
B(1,3), B(3,3), B(5,3), B(7,3), B(9,3), and C to file number 10 in the
format specified by the FORMAT statement whose statement number is 75. If
the file number was 101 instead of 10, the data would have been printed at
the terminal, or if it were 102, data would have been printed on the line
printer.

5-4



5.5 PRINT STATEMENT
GENERAL FORM

PRINT a, list

Where: is the statement number of the FORMAT
statement describing the record(s) being
printed.
1ist is optional and is an [/0 list of
variables that will be printed according
to the FORMAT a.

The statement PRINT a, list is used to print data at the TTY Terminal
from the variables whose names are given in the list. The data is transmitted
from memory to the TTY Terminal according to the specifications in the FORMAT
statement, whose statement number is a.

EXAMPLE
PRINT 75, A, (B(I,3),I=1,10,2), C
The above statement causes data to be written from the variables A,
B(1,3), B(3,3), B(5,3), B(7,3), 8(9,3), and C to the TTY Terminal in the
format specified by the FORMAT statement whose statement number is 75.

5.6 REWIND STATEMENT
GENERAL FORM

REWIND b
Where: b is an uns1gned 1nteger constant or integer
variable that is in the range 1<b$255 and
represents a file reference/number.
The REWIND statement causes a subsequent READ or WRITE statement

referring to b to read data from or write data into the first record of
file number b.

5.7 FORMAT STATEMENT
GENERAL FORM

xxxxx FORMAT (cy, €2, ... , Cp)
Where: xxxxx is a statement number (1 through

5 digits.)
€1» Cp» «+. » Cp are format codes.
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The format codes are:

alw Describes integer data fields.

akw.d Describes real data fields.

afw.d Describes real data fields.

aAw Describes alphameric data fields.

‘Literal’ Transmits literal data.

wX Indicates that a field is to be filled
with blanks on output.

a(...) Indicates a group format specification.

Where: a is optional and is an unsigned integer
constant used to denote the number of times
the format code is to be used. If a is
omitted, the code is used only once.
w is an unsigned nonzero integer constant
that specifies the number of characters
in the field.
d is an unsigned integer constant specifying
the number of decimal places to the right of
the decimal point; i.e., the fractional
portion.
(...) is a group format specification.
Within the parentheses are format codes
separated by commas or slashes. Group
format specifications can be nested to a level
of two. The a preceding this form is called
a group repeat count. Note: Both commas and
slashes can be used as separators between format
codes (see Paragraph 5.7.1, "Various Forms of a
FORMAT Statement."

The FORMAT statement is used in conjunction with the I/0 1ist in the
READ, PRINT, and WRITE statements to specify the structure of FORTRAN
records and the form of the data fields within the records. In the FORMAT
statement, the data fields are described with format codes, and the order in
which these format codes are specified gives the structure of the FORTRAN
records. The I/0 list gives the names of the data items to make up the
record. The length of the list in conjunction with the FORMAT statement
specifies the length of the record (see Paragraph 5.7.1). Throughout this
paragraph, the examples show TTY Terminal input and printed 1ine output.

The concepts apply to all input/output media.
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The following 1list gives general rules for using the FORMAT
statement:

1. FORMAT statements are not executed; their function is
to supply information to the object program. They may
be placed anywhere in the source program after specifi-
cation statements.

2. When defining a FORTRAN record by a FORMAT statement,
it is important to consider the maximum size record
allowed on the input/output medium. For example, if
a FORTRAN record is to be printed, the record should
not be Tonger than 72 characters.

3. If the I/0 Tist is omitted from the READ, WRITE, or
PRINT statement, a record is skipped on input, or a
blank record is inserted on output.

4. Types I and A are valid only with integer variables.
Types E and F are valid only with real.

5.7.1 Various Forms of a FORMAT Statement

A1l of the format codes in a FORMAT statement are enclosed
in a pair of parentheses. Within these parentheses, the format
codes are delimited by the separators: comma and slash.

Execution of a READ, WRITE or PRINT statement initiates format
control. Each action of format control depends on information provided
jointly by the I/0 T1ist--if one exists--and the format specification.
There is no 1/0 list item corresponding to the format descriptors X
and literals enclosed in apostrophes. These output information
directly to the record.

Whenever an I, E, F, or A, code is encountered, format control
determines whether or not there is a corresponding element in the
I/0 1ist. If there is such an element, appropriately converted
information is transmitted. If there is no corresponding element,
the format control terminates.

If, however, format control reaches the last outer right
parenthesis of the format specification and another element is specified
in the I/0 1list, control is transferred to the group repeat count of
the group format specification terminated by the last right parenthesis
that precedes the right parenthesis ending the FORMAT statement.

The question of whether or not there are further elements in the
[/0 1ist is asked only when an I, E, F, or A, or the final right
parenthesis of the format specification is encountered. Before this
is done, X, literals enclosed in apostrophes, and slashes are processed.
If there are fewer elements in the I/0 list than there are format
codes, the remaining format codes are ignored.
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5.7.1.1  COMMA. The simplest form of a FORMAT statement is the one shown

at the beginning of Paragraph 5.7 with the format codes, separated by

commas, enclosed in a pair of parentheses. One FORTRAN record is defined

by the beginning of the FORMAT statement (left parenthesis) to the end of the
FORMAT statement (right parenthesis). For an example, see Paragraph 5.7.4.

5.7.1.2 SLASH., A slash is used to indicate the end of a FORTRAN record
format. For example, the statement:

25  FORMAT (13,F6.2/E10.3,F6.2)

describes two FORTRAN record formats. The first, third, etc., records are
transmitted according to the format I3, F6.2, and the second, fourth, etc.,
records are transmitted according to the format E10.3, F6.2.

Consecutive slashes can be used to introduce blank output lines. If
there are n consecutive slashes at the beginning or end of a FORMAT
statement, n blank lines are inserted between output records. If n
consecutive slashes appear anywhere else in a FORMAT statement, the number
of blank lines inserted is n-1. For example, the statement:

25  FORMAT (1X,1015//1X,8E14.5)

describes three FORTRAN record formats. On output, it causes double
spacing between the line written with format 1X,10I5 and the line written
with the format 1X,8E14.5.

5.7.2 I Format Code

The I format code is used in transmitting integer data. For example,
if a PRINT statement refers to a FORMAT statement containing I format codes,
the input data is assumed to be stored in internal storage in integer format.

INPUT Leading, embedded, and trailing blanks in a field
of the input card are ignored.

OUTPUT If the number of significant digits and sign
required to represent the quantity in the storage
Tocation is less than w, the leftmost print
positions are filled with blanks. If it is
greater than w, the number is truncated.

5.7.3 E and F Format Codes

The E and F format codes are used in transmitting real data. The
data must not exceed the maximum magnitude for a real constant.
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INPUT Input must be a real number which, optionally,
may have an exponent. The decimal point may
be omitted. If it is present, its position
overrides the position indicated by the d
portion of the format field descriptor, and
the number of positions specified by w must
include a place for it. Each data item must
be right justified in its field, Leading,
trailing, and embedded blanks are ignored.
These two format codes are interchangeable
for input. It makes no difference, for
example, whether E, or F is used to describe
a field containing 12.42E08.

OUTPUT For data written under a E format code, output
consists of an optional sign (required for
negative values), a decimal point, the number
of significant digits specified by d, and an
E exponent requiring four positions. The w
specification must provide for all these
positions, including the one for a sign when
the output value is negative. If additional
space is available, a leading zero may be
written before the decimal point.

For data written under an F format code, w
must provide sufficient spaces for an integer
segment, if it is other than zero, a fractional
segment containing d digits, a decimal point,
and, if the output value is negative, a sign.
If insufficient positions are provided, the
number is shifted and truncated. If excess
positions are provided, the number is preceded
by blanks.

For £ and F format codes, fractional digits in excess of the number
specified by d are dropped.

5.7.4 Examples of Numeric Format Codes

The following examples illustrate the use of the format codes I, F,
and E,

EXAMPLE 1
75 FORMAT (I3,F5.2,E10.3,E10.3)
PRINT 75, N,A,B,C
1. Four fields are described in the FORMAT statement and four variables

are in the I/0 list. Therefore, each time the PRINT statement is executed,
one line is printed on the TTY Terminal.



2. When a line is printed, the number in integer format in location N
is printed in the first field of the line (three columns) The number in
the second field of the line (five columns) is printed in real format, with
no decimal exponent, and comes from location A, etc.

3. If there were one more variable in the 1/0 Tist, say M, another
line would be printed and the information in the first three columns of
that line would be printed in integer format and obtained from location M.
The rest of the data on the line would be blank.

4. If there were one fewer variable in the 1ist (say C is omitted),
no number would be printed according to the format E10.3.

5. This format statement defines only one record format. Paragraph 5.7.1
"Various Forms of a FORMAT Statement" explains how to define more than one
record format in a FORMAT statement.

EXAMPLE 2

Assume that the following statements are given:

76 FORMAT (F6.2,E12.3,15)
PRINT 76, A,B,N

and that the variables A, B, and N have the following values:

A B !
034.40 123.380E+02 031

031.10 1156, 10E+02 130
0 834.621E-03 428
01.132 83.121E+06 000

Then, the following lines are printed:

34.40 0.123E+05 31
31.10 0.116c+06 133
0.00 0.835E+00 428
1.13 0.831E+08 0

5.7.5 A Format Code

The A format code is used in transmitting data that is stored
internally in character format. The number of characters transmitted
under A format code is Timited to two characters per integer variable. The
A format code may not be used with real variables. Each alphabetic or
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special character is given a unique internal code. Numeric data is converted
digit by digit into internal format, rather than the entire numeric field
being converted into a single binary number, Thus, the A format code can
be used for numeric fields, but not for numeric fields requiring arithmetic.
EXAMPLE 1
9900 FORMAT (A2,Al)
READ 9900,I,K
Assume the following is entered at the ? when the program is executed:
?ABC
The AB will be stored in I and B will be left justified and stored in K.
Assume the above is now printed with a different FORMAT:
9910 FORMAT (2A1)
PRINT 9910, I,K

The following will be printed at the console:

AC
EXAMPLE 2

DIMENSION 1(4)
I(1)
122)
1(3)

1(4)

PRINT 9900, I
9900 FORMAT (4A2)

nononon
"
o

MOTOROLA will be printed at the console.
LITERAL DATA

Literal data can appear in a FORMAT statement as a string enclosed in
apostrophes.

25 FORMAT (' 1975 INVENTORY REPORT')
No item in the I/0 1list corresponds to the literal data. The data is
written directly from the FORMAT statement. (The FORMAT statement can
cortain other types of format codes with corresponding variables in the
I/0 1ist.) For example, the following statements:

8 FORMAT ('MEAN AVERAGE:', F9.4)

PRINT 8, AVRGE
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would cause the following record to be written if the value of AVRGE were
12.3456:

MEAN AVERAGE: 12.3456

5.7.6 X Format Code

The X format code specifies a field of w characters to be skipped on
input or filled with blanks on output. For example, the following statements:

5 FORMAT (110,10X,4110)
READ  (5,5) I,J,K,L,M

cause the first ten characters of the input record to be read into variable
I, the next ten characters to be skipped over without transmission, and the
next four fields of ten characters each to be read into the variables J, K,
L, and M.

5.7.7 Group Format Specification

The group format specification is used to repeat a set of format codes
and to control the order in which the format codes are used.

The group repeat count a is the same as the repeat indicator a, which
can be placed in front of other format codes. For example, the following
statements are equivalent:

10 FORMAT (13,2(14,15),16)
10 FORMAT (13,14,15,14,15,16)

Group repeat specifications control the order in which format codes
are used since control returns to the last group repeat specification when
there are more items in the I/0 list than there are format codes in the
FORMAT statement (see Paragraph 5.7.1, "Various Forms of a FORMAT Statement").
Thus, in the previous example, if there were more than six items in the I/0
list, control would return to the group repeat count 2 which precedes the
specification (14,15).

The format codes within the group repeat specification can be separated
by commas and slashes. For example, the following statement is valid:

40 FORMAT (213/(3F6.2,F6.3/E10.3,3E10.2))

The first record is transmitted according to the specification 213,
the second, fourth, etc., records are transmitted according to the specifica-
tion 3F6.2,F6,3, and the third, fifth, etc., records are transmitted
according to the specification E10.3,3E10.2, until the I/0 list is ex-
hausted.
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5.7.8 Free Format Input

Data may be read from the TTY Terminal in free field, comma-separated
input by specifying an empty format. For example,

998 FORMAT ( )
Data read in this manner will be converted tc integer or real, depending
upon the mode of the receiving variable, The values to be typed for the
variables must be in the proper format for a real or integer constant,
and are separated by commas.
EXAMPLE
READ 998, I,Jd,X
998 FORMAT ( )
The values may be input in the following form:
3,5,3.3
-3,6,5.8
etc.
Alphanumeric data may be input into integer variables according to

the Al or A2 format codes. These are the only format codes that may be
used for literal inputs,
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5.8 OPENF/CLOSEF STATEMENTS

The OPENF and CLOSEF statements give the FORTRAN programmer
control of disk file handling. Under the EDOS operating system,
only one input file and one output file may be opened at a given
time. With the MDOS operating system, a total of four (4) disk
- files can be open at a given time.

5.8.1 OPENF/CLOSEF Statement Arguments for EDOS
GENERAL FORM

CALL OPENF(IUNIT,IFILE,IMODE,IDRV)
CALL CLOSEF(IUNIT,IFILE,IMODE,IDRV)

Where: IUNIT is an uns1gned integer constant or an

integer variable in the range 14 IUNIT4 255
and represent a file reference number (FORTRAN
unit number)
IFILE is a one to three element 1nteger array
containing the file name as a one to six literal
ASCII character string or a single integer variable
containing the file name as a one to two literal
ASCII character string.
If less than six characters are specified, the
file name is padded with spaces. Although six
characters may be specified, only the first five
are considered significant by the present operating
system; therefore, the first five must be unique.
If less than five characters are specified, the
last characters must be followed by blanks if IFILE
is an array name.
IMODE is an unsigned integer constant or an 1nteger
variable specifying the mode with which the file is
to be opened or closed.

0 = input (read)

1 = output (write)
IDRV is an unsigned integer constant or an unsigned
variable specifying the disk drive unit number.

No defaults are assumed for any of the arguments, therefore, all
arguments must be specified. Additional information about the arguments
is in Paragraph 8.7, "Arguments in a Function or Subroutine Subprogram".

5.8.2 OPENF/CLOSEF Programming Considerations

The statement CALL OPENF(IUNIT,IFILE,IMODE,IDRV) is used to open
a disk file for input(read) or output (write). To open a file for
input, the file name must already exist in the directory. The directory
will be searched for the file name and a fatal error condition will occur
if the file is not found. To open a file for output the file name must
not be in the directory. If the directory search finds the named file, a
fatal error condition occurs. See Appendix C, Execution Time Error Messages.
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The statement CALL CLOSEF (IUNIT,IFILE,IMODE,IDRV) is used to close
a disk file after input from or output to a file is complete. Since
only one input file and one output file may be opened at a given time
it is necessary to close an old file before another can be opened.
Failure to do so will result in a fatal error condition. In any case,
all files should be closed before exiting from the FORTRAN program.

5.8.3 * OPENF/CLOSEF Examples (EDOS only)

The following examples illustrate several OPENF/CLOSEF calls., A1l
examples assume that I,K, and L have been assigned valid values in pre-
vious assignments or data statements.

EXAMPLE 1

CALL OPENF(I,'FN',K,L)
CALL CLOSEF(I,'FN',K,L)

EXAMPLE 2
J = 'FN'
CALL OPENF(I,J,K,L)
CALL CLOSEF(I,J,K,L)
EXAMPLE 3

CALL OPENF(I,'FLNAME',K,L)
CALL CLOSEF(I,'FLNAME',K,L)

This form is valid and will not cause an error; however, only the
first two characters, i.e., "FL" are passed and used as the file name.

EXAMPLE 4
DIMENSION J(3)
DATA J/'FL','NA','ME'/

CALL OPENF(I,J,K,L)
CALL CLOSEF(I,J,K,L)

EXAMPLE 5
DIMENSION J(3)
J(1) = 'FL’
J(2) = 'NA'
= 'ME'

J(3)

CALL OPENF(I,J,K,L)
CALL CLOSEF(I,J,K,L)
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5.8.4 OPENF/CLOSEF Statement Arguments for MDOS
GENERAL FORM

CALL OPENF(IUNIT, IFILE, IMODE)
CALL CLOSEF(IUNIT)

Where: IUNIT is an unsigned integer constant or an integer variable
in the range 1<IUNIT<255, and represents a file reference
number (FORTRAN unit number).

IFILE is a 1-7 element integer array containing the file
name (in standard MDOS format) as a 1-13 T1literal ASCII
character string or a single integer variable containing
the file name as a 1-2 1literal ASCII character string.
The file name in standard MDOS format is as follows:

FILENAME.SX:N

Where "FILENAME" is a 1-8 character name, the period (".")
is the suffix delimiter "SX" is a 1-2 character suffix,
the colon (":") is the logical drive delimeter, and "N" is
the logical drive number.

IMODE is an unsigned integer constant or an integer variable
specifying the mode with which the file is to be opened.

0 = illegal mode
1 = input mode

2 = output mode
3 = update mode

No defaults are assumed for any of the arguments; therefore, all arguments
must be specified. Note that three (3) arguments are required for OPENF,
while only one (1) is required for CLOSEF. While no defaults are assumed
for any arguments, the suffix and/or logical drive number portion(s) of
IFILE will default to "SA" and "0", respectively, if omitted.

Additional information about the arguments is in Paragraph 8.7, "Arguments
in a Function or Subroutine Subprogram".

5.8.5 OPENF/CLOSEF Programming Considerations for MDOS

The statement CALL OPENF (IUNIT, IFILE, IMODE) is used to open
a file for input (read), output (write), or update. To open a file for
input, the file name must already exist in the directory. If the file
is not found in the directory, an appropriate MDOS error is returned.
To open a file for output, the file name must not be in the directory.
If the file name already exists, or if there is no more room in the disk
directory or the disk file area, an appropriate MDOS error is returned.
When opening a file for update, an open input is performed if the file
is found in the directory; otherwise, an open output is performed.
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The statement CALL CLOSEF (IUNIT) is used to close a disk file
after input from or output to a file is complete. If the file was
opened for input, a flag will be set to indicate the file is no longer
open. If opened for output, an end-of-file record is written, the
directory is updated, and a flag is set to indicate the file is no longer
open. All files should be closed before exiting from the FORTRAN program.

5.8.6 OPENF/CLOSEF Examples for MDOS

The following examples illustrate several OPENF/CLOSEF CALLS.
The examples assume that I, K, and L have been assigned valid values
in previous assignment or data statements.

EXAMPLE 1:
CALL OPENF (I, 'FN', K)
CALL CLOSEF (I)

EXAMPLE 2:

J="FN’
CALL OPENF (I,J,K)
CALL CLOSEF (I)

EXAMPLE 3:

DIMENSION J(3)
DATA J/'FL', 'NA', 'ME'/

CALL OPENF (I,J,K)
CALL CLOSEF (I)

EXAMPLE 4:

DIMENSION J(4)
J(1)="FI"
J(2)="LE"
J(3)="NA"
J(4)="ME"

CALL OPENF (I,J,K)
CALL CLOSEF(I)

In the four examples above, the OPENF call will result in the
default suffix (SA) and the default logical .drive number (0) being used.

EXAMPLE 5:
DIMENSION J(4)
DATA J/'F1', 'LE', '.F', 'T'/
CALL OPENF (I,J,K)
CALL CLOSEF (I)
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EXAMPLE 6:

DIMENSION J(S)
J(1)="F1"
J(2)="LN'
J(3)="AM"
J(4)="E."
3(5)="FT'

CALL OPENF (I,J,K)
CALL OPENF (I)

In the two examples above, the OPENF call will result in the
default logical drive number being used.

EXAMPLE 7:

DIMENSION J(4)
J(1)="F1'
J(2)="LE"
J(3)="NA"
J(8)=":1"

CALL OPENF (I,J,K)
CALL CLOSEF (I)
EXAMPLE 8:

DIMENSION J(3)
DATA J/'F1', 'L:', '1'/

CALL OPENF (I,J,K)
CALL CLOSEF (I)

In the two examples above, the OPENF call will result in the
default suffix (SA) being used.

EXAMPLE 9:

DIMENSION J(5)
J(1)="FL"

CALL OPENF (I,J,K)
CALL CLOSEF (I)
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EXAMPLE 10:

DIMENSION J(7)
DATA J/'F1', 'LE', 'NA', 'ME', '.S', 'A:', '0'/

CALL OPENF (I,J,K)
CALL CLOSEF (I)
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CHAPTER 6
DATA INITIALIZATION STATEMENT

GENERAL FORM
DATA El/il’ﬁz/—d-z,.'.'."&n/g-n

Where: Each k is a variable or array name.
Dummy arguments may not appear in the
list.

Each d is a Tist of constants
(integer, real, or literal).
Literal data must be enclosed in
apostrophes.

A DATA initialization statement is used to define initial values of
variables, and arrays. There must be a one-to-one correspondence between
the total number of elements specified or implied by the 1list k and the
total number of constants specified by the corresponding Tist d.

This statement cannot precede any other specification statement
that refers to the same variables or arrays. Otherwise, a DATA state-
ment can appear anywhere in the program but must not include variables
declared to be in COMMON.

EXAMPLE
DIMENSION X(3)
DATA 1/5/,d/-3/,X/8.0,-3.6,12.3/
The DATA statement indicates that the variables I, and J are to be
initialized to the values 5, and -3 respectively. In addition, the state-

ment specifies that the three variables in the array X are to be initialized
to the values 8.0, -3.6, and 12.3.



CHAPTER 7
SPECIFICATION STATEMENTS

7.1 DEFINITION

The specification statements provide the compiler with information about
the nature of the data used in the source program. In addition, they supply
the information required to allocate locations in memory for this data.

Specification statements must precede statement function definitions,
which must precede the program part containing at least one executable
statement. Within the specification statements, any statement describing
data must precede references to that data.

7.2 DIMENSION STATEMENT

GENERAL FORM

DIMENSION aj(kj),an(kp),a3(k3),.....,a5(kn)
Where: a7, 82, 835 veues dn are array names.

k1, k2, k3, ..... ky are each composed of one
through fﬁree unsigned integer constants,

separated by commas, representing the
maximum value of each subscript in the array.

The information necessary to allocate storage for arrays used in the
source program may be provided by the DIMENSION statement. The following
example illustrates how this information may be declared.

EXAMPLE

DIMENSION A (10), ARRAY (5,5,5), LIST (10,100)

DIMENSION B (25,50), TABLE (5,8,4)

7.3 COMMON STATEMENT
GENERAL FORM

COMMON a(kq),b(k2),..... c(k3),d(k )y.nn..

Where: a,b,..... 3Cads..ne. are variable names or
array names that cannot be dummy arguments.
5%,k seenns k3:K ...t are required only if
the variable represents an array name and

are each composed of one through three un-
signed integer constants, separated by
commas, representing the maximum value of
each subscript in the array.
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The COMMON statement is used to define a storage area that can be
referred to by a calling program and one or more subprograms, and to specify
the names of variables and arrays to be placed in this area. Therefore,
variables or arrays that appear in a calling program or subprogram can be
made to share the same storage locations with variables or arrays in other
subprograms. Also, a COMMON area can be used to implicitly transfer
arguments between a calling program and a subprogram. Arguments passed in
COMMON are subject to the same rules with regard to type, length, etc., as
arguments passed in an argument 1ist (see Chapter 8, "SUBPROGRAMS").

If more than one COMMON statement appears in a calling program or
subprogram, the entires in the statements are cumulative. Redundant entries
are not permitted.

Since the entries in a COMMON area share storage locations, the order
in which they are entered is significant. Consider the following example:

EXAMPLE

Calling Program Subprogram
SUBROUTINE MAPMY (...)

COMMON A, B, C, K(100) .
. COMMON X, Y, Z, J(100)
CALL MAPMY (...)

In the calling program, the statement COMMON A, B, C, K(100) would
cause 212 storage locations to be reserved in the following order:

Beginning A B C Layout of
of common 4 Tocations 4 locations 4 locations storage
area
K(1) - K(100)
2 locations ces 2 locations

The statement COMMON X, Y, Z, J(100) would then cause the variables
X, Y, Z, and J(1)...J(100) to share the same storage space as A, B, C, and
K(1)...K(100), respectively. Note that values for X, Y, Z, and J(1)...J(100),
because they occupy the same storage locations as A, B, C, and K(1)...K(100),
do not have to be transmitted in the argument 1ist of a CALL statement.



CHAPTER 8
SUBPROGRAMS

8.1 GENERAL

It is sometimes desirable to write a program which, at various points,
requires the same computation to be performed with different data for each
calculation. It would simplify the writing of that program if the state-
ments required to perform the desired computation could be written only
once and then could be referred to freely, with each subsequent reference
having the same effect as though these instructions were written at the point
in the program where the reference was made.

For example, to take the cube root of a number, a program must be
written with this object in mind. If a general program were written to
take the cube root of any number, it would be desirable to be able to combine
that program (or subprogram) with other programs where cube root calculations
are required.

The FORTRAN language provides for the above situation through the use
of subprograms. There are two classes of subprograms: FUNCTION subprograms
and SUBROUTINE subprograms. In addition, there is a group of FORTRAN-supplied
functions. Functions differ from SUBROUTINE subprograms in that they return
at least one value to the calling program, whereas SUBROUTINE subprograms
need not return any.

8.2 NAMING SUBPROGRAMS

A subprogram name consists of from one through six alphameric characters,
the first of which must be alphabetic. A current EDOS limitation is five
characters and must be considered if the source file is to have the same
name as the subprogram contained therein. A subprogram name may not contain
special characters (see Appendix A). The type of a function name determines
the type of the result that can be returned from it.

The type of a FUNCTION is determined by the predefined convention for
variable names.

The type of a SUBROUTINE subprogram cannot be defined because the results
that are returned to the calling program are dependent only on the type of
the variable names appearing in the argument 1ist of the calling program
and/or the implicit arguments in COMMON.
8.3 FUNCTIONS

A function is a statement of the relationship between a number of
variables. To use a function in FORTRAN, it is necessary to:

1. Define the function (i.e., specify which calculations are to be
performed).

2. Refer to the function by name where required in the program.
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8.3.1 Function Definition
There are three steps in the definition of a function in FORTRAN:

1. The function must be assigned a unique name by which it may be
called (see Paragraph 8.2).

2. The dummy arguments of the function must be stated.

3. The procedure for evaluating the function must be stated.

8.3.2 Function Reference

When the name of a function, followed by a 1ist of its arguments,
appears in any FORTRAN expression, it references the function and causes the
computations to be performed as indicated by the function definition. The
resulting quantity replaces the function reference in the expression, and
assumes the type of the function. The type of the name used for the
reference must agree with the type of the name used in the definitiion.

&.4 FUNCTION SUBPROGRAMS

The FUNCTION subprogram is a FORTRAN subprogram consisting of a FUNCTION
statement followed by other statements, including at least one RETURN
statement. It is an independently written program that is executed wherever
its name is referenced in another program.

GENERAL FORM

FUNCTION name (a},a2,a3,...3p)

Where: name is the name of the FUNCTION.
21,32,33, ... ap are dummy arguments. They
must be nonsubscripted variable, array, or
dummy names of SUBROUTINE or other FUNCTION
subprograms. (There must be at least one
argument in the argument list.)

Since the FUNCTION is a separate subprogram, the variables and statement
numbers within it do not relate to any other program,

The FUNCTION statement must be the first statement in the sub-
program. The FUNCTION subprogram may contain any FORTRAN statement
except a SUBROUTINE statement or another FUNCTION statement.

The name of the function must be assigned a value at least once
in the subprogram—either as the variable name to the left of the equal
sign in an assignment statement, as an argument of a CALL statement, or
in an input 1ist (READ statement) within the subprogram.
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The dummy arguments of the FUNCTION subprogram (i.e., aj, a2, 83s «-»
an) may be considered to be dummy variable names. These are replaced at
?ﬂe time of execution by the actual arguments supplied in the function
reference in the calling program. Additional information about arguments
is in Paragraph 8.7, "Arguments in a FUNCTION or SUBROUTINE Subprogram,"

The relationship between variable names used as arguments in the
calling program and the dummy variables used as arguments in the FUNCTION
subprogram is illustrated in the following example:

EXAMPLES

Calling Program FUNCTION Subprogram
FUNCTION CALC (A,B,J)

: [ = J*2
ANS = ROOTI*CALC(X,Y,I)
. CALC = A**1/B
RETURN
END

In this example, the values of X, Y, and I are used in the FUNCTION
subprogram as the values of A, B, and J, respectively. The value of CALC
is computed, and this value is returned to the calling program, where the
value of ANS is computed. The variable I in the argument 1ist of CALC in

the calling program is not the same as the variable I appearing in the
subprogram,

Calling Program FUNCTION Subprogram
FUNCTION KALC(I,J,K)

ANS = ROOT1*KALC(L,M,I)

KALC = I+J+K¥**2

RETURN
END

The FUNCTION subprogram KALC is considered an INTEGER of length 2.

8.5 RETURN STATEMENT IN A FUNCTION SUBPROGRAM
A11 FUNCTION subprograms must contain at least one RETURN statement.
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The RETURN statement signifies a logical conclusion of the computation and
returns the computed value and control to the calling program. There may
be more than one RETURN statement in a FORTRAN subprogram.

EXAMPLE
FUNCTION DAV (D,E,F)

IF (D-E) 10, 20, 30
10 A = D+2.0*E

5 A = F+2,0%E

20 DAV = A+B**2

RETURN
30 DAV = B**2

RETURN

8.6 SUBROUTINE SUBPROGRAMS
INTRODUCTION

The SUBROUTINE subprogram is similar to the FUNCTION subprogram in
many respects. They both require an END and RETURN statement, and they
both contain the same sort of dummy arguments. Like the FUNCTION sub-
program, the SUBROUTINE program is a set of commonly used computations,

but it need not return any results to the calling program, as does the
FUNCTION subprogram.

The SUBROUTINE subprogram is referenced by the CALL statement,
which consists of the word CALL followed by the name of the subprogram
and its parenthesized arguments. .

GENERAL FORM

SUBROUTINE name (21,232,233 «..+»3p)

Where: name is the SUBROUTINE name (see Paragraph 8.2,
"Naming Subprograms").
a7, 89, 335 ... @, are dummy input and/or
o&%pﬁ% aFguments".'n (There need not be any.)
Each argument used must be a nonsubscripted
variable or array name.

Since the SUBROUTINE is a separate program, the variables and
statement numbers within it do not relate to any other program.
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The SUBROUTINE statement must be the first statement in the sub-
program. The SUBROUTINE subprogram may contain any FORTRAN statement
except a FUNCTION statement or another SUBROUTINE statement.

The SUBROUTINE subprogram may use one or more of its arguments to
return values to the calling program. Any arguments so used must appear
to the left of an arithmetic statement, in an input list within the sub-
program, as arguments of a CALL statement, or as arguments in a function
reference. The SUBROUTINE name must not appear in any other statement
in the SUBROUTINE subprogram.

The dummy arguments ( ...s 2,) May be considered dummy
variable names that are rep}ac_ﬁ at the time of execution by the actual
arguments supplied in the CALL statement. Additional information about
dummy arguments is in the Paragraph 8.7, "Arguments in a FUNCTION or
SUBROUTINE Subprogram,"

EXAMPLE

The relationship between variable names used as arguments in the
calling program and the dummy variable used as arguments in the SUBROUTINE
subprogram is illustrated in the following example. The object of the
subprogram is to "copy" one array directly into another.

CALLING PROGRAM SUBROUTINE SUBPROGRAM
DIMENSION X(100),Y(100)

SUBROUTINE COPY (A,B,N)
DIMENSION A (100), B(]OO)

= 100 0O10 I =1, N
CALL COPY (X,Y,K) 10 B(I) = A(I)
. RETURN
. END

8.6.1 CALL Statement
The CALL statement is used to call a SUBROUTINE subprogram.
GENERAL FORM

CALL name (Ei’éz’és'-"’ﬁn)

Where: name is the name of a SUBROUTINE subprogram.
s ene are the actual arguments
Fhat Bre Being subplied to the SUBROUTINE
subprogram,

EXAMPLE

CALL OuUT
CALL MATMPY (X,5,40,Y,7,2)
CALL QORTIC (X,Y,Z,RO0T1,R00T2)

The CALL statement transfers control to the SUBROUTINE program, and
replaces the dummy variables with the value of the actual arguments that
appear in the CALL statement.



%*

8.6.2 RETURN Statement in a SUBROUTINE Subprogram
GENERAL FORM

RETURN

The normal sequence of execution following the RETURN statement
of a SUBROUTINE subprogram is to the next statement following the CALL
in the calling program.

8.7 ARGUMENTS IN A FUNCTION OR SUBROUTINE SUBPROGRAM

The dummy arguments of a subprogram appear after the FUNCTION or
SUBROUTINE name and are enclosed in parentheses. They are replaced at
the time of execution by the actual arguments supplied in the CALL
statement or function reference in the calling program. The dummy
arguments must correspond in number, order, type, and length to the
actual arguments. For example, if an actual argument is an integer
constant, then the corresponding dummy argument must be an integer.

If a dummy argument is an array, the corresponding actual argument
must be (1) an array, or (2) an array element. In the first instance,
the size of the dummy array must not exceed the size of the actual
array. In the second, the size of the dummy array must not exceed the
size of that portion of the actual array which follows and includes
the designated element.

*The actual arguments can be:

- Any type of constant
- Any type of subscripted or nonsubscripted variable
- An array name

If a Titeral constant is passed as an argument, the actual argument
passed is the literal as defined, without delimiting apostrophes. A
maximum of two characters can be passed as a literal.

When the dummy argument is an array name, an appropriate DIMENSION
statement must appear in the subprogram. None of the dummy arguments
may appear in a COMMON statement.

If a dummy argument is assigned a value in the subprogram, the
corresponding actual argument must be a subscripted or unsubscripted
variable name, or an array name. A constant should not be specified
as an actual argument unless the programmer is certain that the cor-
responding dummy argument is not assigned a value in the subprogram.

A referenced subprogram cannot define dummy arguments such that the
subprogram reference causes those arguments to be associated with other
dummy arguments within the subprogram or with variables in COMMON. For
example, if the function DERIV is defined as

FUNCTION DERIV (X,Y,Z)
COMMON W

See note Appendix D, page D-1
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and if the following statements are included in the calling program

COMMON B

C = DERIV (A,B,A)

then X, Y, Z, and W cannot be defined (e.g., cannot appear to the left
of an equal sign in an arithmetic statement) in the function DERIV.
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APPENDIX A
SOURCE PROGRAM CHARACTERS

Alphabetic Characters Numeric Characters
A N 0 5
B 0 1 6
C P 2 7
D Q 3 8
E R 4 9
F S
G T Special Characters
H U (blank) *
I v + )
J W - (
K X / " {apostrophe)
L Y = &
M Z . $

The forty-nine characters listed above constitute the set of characters
acceptable by FORTRAN, except in literal data, where any valid card code is
acceptable.

A-1



APPENDIX B
COMPILER ERROR MESSAGES

When errors are detected by the compiler, the message:
***ERROR code column
is printed at the TTY terminal where "code" represents one of the
following coded errors. "Column" represents the contents of the
remainder of the line at the point that the error was detected. For
example:
0250 IF(J-3 10,20,30
****ERROR 05 10,20,30
00 illegal character
01 syntax error

02 program contains too many variable names, symbol
table overflow

03 statement is too complex for compiler
04 string is too long

05 syntax error

10 duplicate statement label

11 name already defined

12 array dimension too large

13 COMMON variables cannot be initiated in DATA statements
20 too many statement labels

21 function/subroutine name already used
22 dummy argument name already used

30 too many operands in this statement

31 number of subscripts does not agree with number of
dimensions

50 toc many nested DO's
51 one of the DO arguments is not an integer
52 index cannot be a dummy name

FO illegal action
B-1



APPENDIX C
EXECUTION TIME ERROR MESSAGES

If a fatal error is detected during execution, the message

BKPT ERROR
P-xxxx X=XXxX A-xx B-xx S=-xXxXxX

will be printed, where xxxx refers to the hexadecimal register contents.

The contents of the A register will contain one of the following
error codes:

33

34
36
37

38
3C
3D

40
42

43

44
BO

attempt to open a file for output (write) that
is already open

disk not ready
duplicate file name

attempt to open a file for input (read) that
does not exist

output file not open
no more disk space or directory space

OPENF/CLOSEF arguments must be integer
(cannot be real)

too many repeats in the format statement

one input file already open The EXORciser
floppy disk allows only one input file open
at a time.

one output file already open The EXORciser
floppy disk allows only one output file open
at a time.

attempt to rewind file that is not open

subscript exceeds allowed range



APPENDIX D
MOTOROLA SUPPLIED FUNCTIONS

TYPE OF NUMBER OF

NAME ARGUMENT FUNCTION ARGUMENTS - DESCRIPTION
SQRT(X) Real Real 1 square root of X
EXP(X) Real Real 1 e**X
SIN(X) Real Real 1 sin of X
COS(X) Peal Real 1 cosine of X
ATAN(X) Real Real 1 arctangent of X
ALOG(X) Real Real 1 natural logarithm of X
ABS(X) Real Real 1 absolute value of X
POWER(X,Y) Real Real 2 computes X**Y
MOD(I,J) Integer Integer 2 computes I modulus J

NOTE: Arguments must be a single variable or constant. Expressions are

not allowed. )
Due to the method of using temporary storage when ga]cu]at1ng
values of functions, operations on two functions will not return

the correct value.

For example:
A=SIN(X) + COS(Y)
will not return correct value to A. But:

A=SIN(X) + 0.0 + COS(Y)

does return correct value.
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In addition there are several functions intended for real time
use. These are:

logical AND of I and J
logical OR of I and J

IAND(I,Jd) Integer Integer
IO0R(I,J) Integer Integer

IEOR(I,J) Integer Integer logical EOR of I and J

(A I N T A T A

ISHFT(I,J) Integer Integer shift 1 left or right

J position; negative
J-shift right; positive
J-shift left

Library error messages from the above functions are defined as
follows:
LIB ERR #1
Power function cannot be called with a -X.
LIB ERR #2
Cannot take log of a negative number
LIB ERR #3
Cannot take SIN or COS of a negative number
LIB ERR #4
Cannot take square root of a negative number

The type of arguments are important because improper types may
return incorrect values from the function.
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APPENDIX E
EXAMPLES OF FORTRAN
This appendix illustrates features of the M6300 Resident Fortran
Compiler. It will show how to build and correct a source file using
the Resident Editor and then how to compile, link, and execute the
program using the EDOS or MDOS system.
Steps for the complete procedure are:
a. Build source with editor or copy from tape to disk.
b. Compile with FORT command.
¢. Link edit with RLOAD command.

d. Load module created in step ¢ with LOAD command and
execute in MAID by starting at 20;G.

The following 1ist of EDOS commands are used in these examples.
If you have an MDOS system, simply substitute the equivalent MDOS
command as shown in this list.

EQUIVALENT

EDOS COMMAND MDOS COMMAND
EDIT, ,SORT EDIT SORT
FORT,#CN3,SORTO,SORT FORT SORT;-PL=#CN,0=SORTO
PURGE ,SORTO DEL SORTO.RO
EDIT,SORT,SORTY EDIT SORT
RLOAD RLOAD
LOAD,SORTM LOAD SORTM;VG

205G

RASM, #LP ,ASM10,ASM1 RASM ASM1;L0=ASM1
MERGE,MYLIB,FORLB,PORT MERGE FORLB,PORT,MYLIB
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PEDITy» ¥ENT

MESOD PEZIDEMT EDITOFR 1.3 —— ENTER SOURCE
COFYRIGHT MOTOROLA 137E PROGRAM WITH EDITOR

I COMMOM IARRKAY (100
200 FORMAT C“ENTER TEM IMTEGERZ AT 7.0
=0 FORMAT O
Q920 FORMAT ¢ ZDRTED ARRAY IZ7 <0101
1D RFRIMT 23200

FEAD 3310 « ITARRAY

IFLIARRRY JED, 0 =0 T 293323

CALL EORT

FRIMT =2320s 1AREAY

=0 7O 100

Q3an LTOR
TUBROUTIMHE =0T
cOrMm0oM THE L 0
100 k=2
ng zoonl=1.4
IFCIARR CIYLE.IARR YOI+ 30 TO 200
k=1
ET=1RARFPRAR I

TAR (T =TAR CT+1 0
IAR tI+1=ET
T CORRECTION MADE WITH

SO0 7T TTOCL G0 2008 « KE CONTROL H KEY
200 RFETLREH

EMD
TE

;B;;;‘_*‘**““‘_-"_"‘“‘“*--____~__ﬁ__h~“-~
ESC KEY PRESSED TWICE

! TERMINATES INSERT

SAVE FILE

FOR MORE INFORMATION ON THE EDITOR, SEE THE CORFSIDENT EDITOR
REFERENCE MANUAL, M68CRED).

FIGURE E-1.
CREATING SOURCE WITH RESIDENT EDITOR

E-2



YFORT: #CH2 2ORTOL=0RT

COMPILE PROGRAM WITH
PRINTOUT TO CONSOLE,

MESON RESIDENT FORTRAM 1.7 NO PAGING

COFYRIGHT EBY MOTOROLA 1975

SO000 000t COMMON IARFAY 100

SOO0N0 Q002 2200 FORMART <“EMTER TEM IMTERERE AT ¥ -1
SI020 O0ons 210 FORMAT O
0025 00004 220 FORMAT O ZORTED RAREAY IE5 <2 s 101770

000 0oans 100 FREIMT =900
003 D00 FREARD 231 0s IAREFEATY

SO0OSS 000ny IF CIARRAY.ER.O0x 30 TO 293933
¢+ERFEOR N0O021

<0055 noons CALL Z0RT

SO0SE n0n0na FRIMT 9320« IARRERY

007 00010 a0 7O 100

sO0EC ool 9399k ZTOF

SONEF OnnLe EHD

DEFIHED =ZYHMEOLE
IARERY 0000 ZORT OvFF

onooe EFEREE

000D nonts SUEROUTIHE =0OFRT
000 Donid CcOoMMor IRFRC1 0O
«O00Z onois 1on KE=2&

SO00E 0001e I0 200I=1«3

e001S 0001V IFCIARYIY JLEDIARCI+12 30 TO 00
0040 00013 Ek=1

+104E D001 ET=IRR 1

SO0S0 0Nn0Sn IAR I =TRRCT+12
S007F oozl IARCI+10=KT

s34 O0ozg Sno COMTIMLUE

0030 Goozs SO TOCIODZ00 s KE
«OOEBER QQoQas2g 200 FETLFEM

«J0BE O0QNES EMND

DEFIMED =%MEOLE
kK O0nE =0RT oo I nole IAR oo ET nniE

anonn EREDORE

TRFURGE S Z0RTO
ZORTO FURSED
PACEIME DIZE
"DELETE OBJECT FILE
EDIT.ZORT . ZORTY
MeZ0D REZIDENMT EDITW\ GO TO EDITOR TO CORRECT

COFYRIGHT MOTOFOLA 1976 ERRORS
PREE
FIGURE E-2.
COMPILING SOURCE
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FEAIZNEOLTES
220 FORMAT C"ZORTED AREAY IS -3« 10172

AT By BOLTEE
2320 FORMAT ¢ SORTED ARRAY I1S7-+1017.)

AFILTEF
IFCIARPAY.ER. 0 O TO 39999
POVEY L2 EOLTEE
IF CIARFAY (12 JEG. 0 50 TO 29399
SAVE CORRECTED FILE
YEEFE
$FORT<CHZ ZORTO ZORTY RECOMPILE

Mz200 REZIDENMT FORTRAM 1.8
COFYRIGHT EY MOTOROLA 13765

e[O00 Qoony COMMOM IRRERAY <100

0000 ooz 2300 FORMAT C"ENTER TEN IMTEGERS AT 77
0020 0anos 310 FORMRT O

0025 00004 2220 FORMAT ¢ "Z0ORTED ARERY 1% -2 10172
0045 0000S 100 FPRIMT =200

«O04E DONDE RERD =31 0s IARRAY
«00SD 00007 IF CIARRAY €12 JEQ. 0x 50 TO 29939
«007S 00003 CALL ZORT

SOOTE 00003 PRIMT 290 IARRAY

S00S7T 00010 50 TO 100

SOOSC 00011 29999 STOP

S002F 00012 ENHD

DEFIMED =Z¥MEOLE
IRRRERY Q000 =0RT OvEE

anoon ERRORE

0000 noni1s ZUEBFROUTINE =0RT

SO0 Noold COMMOMN IAR C1 103

SOD0Z 0001s 100 K=

S000E OO01E 0 200I=1+9

e0ld QOOLT IFCIRRCIy LE.IRRCI+1x > 30 TO 200
0040 QO01sS k=1

+O04E QO01R ET=IRR (I

SO0E0 QO0Zn IRR SIs=IARCI+1>

SOOFF 0ozl IRRCI+12=KT

0034 00022 20 COMTIMLUE

0030 0Oo02s GO TOC100«3200% s KK

«00ER Don2d4 200 FETIUEM

SO0DEE 0025 END

IEFIHMED SYMEOLE

EK QONE =0RT aoan I aniz IAR nanz KT
nooon ERRORE FIGURE E-3.

CORRECTING AND RECOMPILING SOURCE
E-4
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- USE LINKING LOADER TO CREATE
*RLOAD LOAD MODULE.

MeZ00 LIMMING LORDER REY 1.1H

COPYRIGHT Ev MOTOROLA 1376 REFER TO M6800 LINKING LOADER
TroAneeORID MANUAL FOR MORE INFORMATION

ER it e e ON THE LINKING LOADER.

YLORD==0FTOs LIE=FOFLE

THMAFF LIB FORLB CONTAINS RUNTIME I/0

gl LEFTHED SYHEOLS ROUTINES, MATH PACKAGE, AND OPENF/
oy CLOSEF RELOCATABLE PROGRAMS AND
G oonia 0nce noms MUST BE USED TO COMPLETE THE
E 0ooo aooan FFFF Ooan LINKING.
CoNDig a0zA oo4n ooig
o 0162 0O04E O1ES 0000
F 1432FE O01E& 1SF0 0000
MODULE MAME E=SCT DECT FPECT
MATH 0000 0O4E 01EE MAIN PROGRAM
Z0FRT D000 ooEc ned4s —m™m/ SUBROUTINE SURT
R oo O0RE 0303 _____,_.—————RUNTIME I/0 ROUTINES LOADED

x4 10 OOO0 0ADl 0BRSS FROM FORLB LIBRARY,
DEFINED =YMEOLE

MAME = STR MAME = STR MAME = STR MAME = 3TR MAME = TR
RN F 0327 MAIN P 0LES SORT P 0292 EMDFRM F 111& 101 F OEDD
102 FoOCccE 10s F 10EB4 LFUSZED D 01A1 ®FOOS P 0303 MHIFCL P OBCE
wPRT Foozos =zTF Foozoz BUF I 0104 WFDATR F OECE <REYT P OECE
“RERD P OBDA “WDISK P OEDL XWRTL P OEDY4 XWRTZ P OEDT
TERIT

EXIT LOADER
' LORADs =ORTH
LOAD THE LOAD MODULE
E<B: 1.1 MRID ENTER MAID
sl ALWAYS START EXECUTION AT 20;G

EMTER TEMN IMTEGERE RT ¥

BRI IR PR e Y AT PR TR E |

ZORTED ARRAY IE

1 c ] 4 S ) v = 3 10
EMTER TEN IMTERER:S AT 7
1)
TTOF
Mezon EDO=E WER 2.6 RETURN TO EDOS YHEN EXECUTION

IS COMPLETED

FIGURE E-4.

LOADING AND EXECUTING THE PROGRAM
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The following example defines and explains relative addressing.

'FORTs #CHZy TEZTOS TEST

Mez00 RESIDEMT FORTRAM 1.2
COFYRIGHT EBY MOTOROLA 1578

000N
0000
«00an
0013
00132
«0037
+ 0030

+ 0052

noaonl
nooos
nonos
noong
nonos
onones
nooov
anone

DEFINED =YME

H
E

nooan

0000
«000A
»00O0A
010
* I 02E
*02F

noon
000H

ERRORS

nooo9
nnnio
noonil
ooo12
oon13
nonl4g

200

100

aL=
E

200

DEFIMED EYMBOLS

AEC

aoao

gononn ERRORE

The first four digits following the * sign in column 1 indicate the
relative address at which the statement on that line is compiled. Three

KE

COMMOM ROS2 s IsF
DIMEHIION K OS50 25 (50
FORMAT ¢SF10. 2515
DO 100I=1+5
AiIar=1

CAHLL REC RS

PRIMNT 2300sAsk

EHI

nole HEL 0vyCF

SUEROUTINE REC (KK
DIMEMEION KE <52

Do 200I=1+5
KK (Ix=1

RETURN

EMD

ooz I ouoac

FIGURE E-5,

(%)
o

DO1E

oni4

possible relative addresses exist: Common SeCTion (CSCT), Data SeCTion (DSCT),

and the Program SeCTion (PSCT). A1l variables in COMMON are in CSCT. An

array in COMMON has ten information bytes in DSCT of which the first two bytes

point to the address of the array in CSCT. All other variables and all
constants are in DSCT. The rest of the program is in PSCT. The following
table shows the variables and their relative offsets to some setion.
(Refer to the symbols defined in Figure E-5,)
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YRLOAD

MESOD LIMKIMG

VARTABLE

NOTE:

OFFSET
0000
0016
001E
0014
000A

SECTION

CSCT
CSCT
DSCT
CSCT
DSCT

in 000A through 0013. Data for array K will be stored,
starting at 0014.

K starts at 000A in DSCT. Bytes 0 through 9 are information
bytes for A. Variable K also has ten bytes of information

Refer to the following load map to calculate the absolute location
of these variables using a load map.

COFYRIGHT EY

MOTOROLA 1376
TCURFP=-F1 00§ LORD=TE=TOIL IE=FOFLE
TEO=TEZTMIAREZF
TCURP=-F1005 LORD=TE=TOSLIE=FORLE

THMAFF
HO UHDEFINED ZYMEOL=
MAF
= ZIZE  ETR EHD COMH
A oa0ld4 a02e 00z
B Ooo0QQ QOO0 FFFF Qooan
COO0IA OQD2A O0sS3 0D01R
D 0124 0S4 Q107 o000
F o1s0o0 0200 17FFF oo
MODLULE H™AME ESCT DECT
MAIH aono o0sg
REL noon oER
LM QoD oonn
FHI0O aoog NoF3
UEFIMNED =Y¥MEOLE
HAME = E=TR HAME =
RN F 0424 MAIN F
10z F 0NDFR 103 F
“PRT F 040z =ETP F
“RERD F QD12 XWDISK F
TESRIT

FPECT
nzaon
nznn
ngnn
anoan

LORDEF FEY 1.1R

ZTR HMAME =
usan ARG P
11EC LFPUSED D
400 BUF I
anoe XWMRT1 R

FIGURE E-6.
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TR
nz0n
mcs
a1z6
onoc

MAME
ENMDFRL
#*FDO=
“PIATH
XURTE

F
F‘
P
P

TR
124E

04 0% “HEPCL

nnonz
ODOF

MAME
a1

HREYT

F
F
F

=TE
nms
onge
pTaon



NOTE:

CSCT is 1Aj1p bytes long and goes from 3A;g to 5314. Therefore,
A starts at 3A16, while B is at 3A gt16= 0 DSCT for MAIN
(which is really TEST) starts at 5 . The ?1rst ten bytes

are information for A and K starts a 54 16=5E The
main program (TEST) starts execution at bg %ause that
is where PSCT begins. The statement CALL ABC{Q) can be

found at 20094+3716=23716, while the DO statement starts at
200 +134 % he return statement in ABC can be found
§8016+9E16 %gEls
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APPENDIX F

LINKING FORTRAN AND ASSEMBLY
LANGUAGE PROGRAMS

This appendix illustrates the method of linking an assembly
language program to a FORTRAN program. Note that after assembly, the
assembly Tanguage programs are object files by themselves, but would
work as well if they were in a library.

Example 1 Tinks a main FORTRAN program and assembly language
subprogram together using the data section.

Example 2 Tinks a main FORTRAN program and assembly language
program together using COMMON.

NOTE: To the FORTRAN runtime routines (RXIO and RUN) odd
addresses in DSCT (data section) and CSCT (common section)
have a unique meaning. Therefore, you must always have
an even number of bytes reserved for both DSCT and CSCT,
or you must load assembly language routines after all
FORTRAN programs are loaded.
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'FORT»#LP3:EX10s

Bl T T T TE T8 TR T
HEAY A
TR T T o B T8 T T B
A G AR
HREAG LS GHAELA

[\ o]

C
("
L
N
I
[
SEEE

LEF IHEL =YMEILS

HSML  A7FF

wiaus ERFEURS

C

w1

EXAMPLE 1

THIS 1= AN EAAMPLE UF LIMKHAGE BETHEEMW HM
MeEZEd HSSEMELY LANGUAGE PROGRAM ARD AM MEEad
FROGERAM
ARGUMENTS, THE 2 CORSTAMTS: HWD STOoRE  VHEM
ARGUMENTS. THE 2 WHRLABLES. ¥ HHD

THE RA=seEMELY PROGRAN MICL

CHLL HSMLe S, 29, &, ko G
FPRIMI

FIORMAT -

ERD

kel S P
SR B PR W T

FIGURE F-1.
COMPILE FORTRAN PROGRAM
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EXAMPLE 1 (CONTD)

TRAZMa #LPs ASM10s AZML

FHGE  owd AsML

BEIENSL NFit FSHL

AN oF T REL

HDEF  ASHL DEF INE  LHTERNAL SRl
“EEF RUM e FERMAL  =YFEOL - RLUN-

O Y
-
XL
(v
)
-
i

(o)

Pl g o
LT U PO

—
o]

THE FOLLIGIRG WYARIHEBLES MUST BE PUT LN THE
DATH SECTIOM. AMND MmOt BE & BYTES LUOHG (HEY
MILL HOLD ADDRESS OF EACH ARGUMENT INM THE

ot OO X
AP O A OO O

DO O T
I I

T
|"‘
k!

(&}
A
(%]
(S
5P
S T R CHLL MHICH MILL BE SET WP HT JSK RUN+LS
AL A
LY EEDE DSCT
EIENAL 20 BAENa Bt H oL HiME =
[ S T b T ™ ¥ Tt oy HEEs HOAM e @
L LY e gz H oL FHE: =
Bl Sl Eane HEEZ H Lo EME =
R b #*
(IS5 i #  STHRET THE PROGREAM SECFLOM HERE
S5 TR U #
S TE S T o & TU TR PaCY
B 1D #  THIS 1= THE EMTEY RPOLHT FROM YHE
Al #*  FUORTEHN FPROGEAR
HE 2 ey B @ H A=ML JSR RUR+1S SeE UP LIMEAGE BT THLS
B K (5] Ly FDE 1 ACDRE=S K &UHTIME PHOEHGE
(BISTY] 15 b %] [ FDE HH TO ADDRE=S= 1M CALLLNG PR

)

FLE L THERE MUST BE AN FDE HERe
[ FE A FOR EVERY ARGOMENT 1M CHUL
Fli & EML LIST mitH ZERC

W 1

LLDRF 3.

LDAE LA

(e L
STRE 6
STHE  de s
L0 FIFY
LDHH
LORE  do &
LD Ol
STHA B R
STHE 1. X
LD FIF
LDHA 2.
LOFAE 3
Lo Ce
STAAR 2.
STHE 3. %
) RTE

END

-
Pyl

[y
l‘P

ST O oG OO o Ol A o)
A

(o
.
[ vyl

N T TTLTTTTTTTTITTYTTTTTTT
o
X8
EREEREEPE BT
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I
a
A YR U AN O I W R ot U ot W o O I YR KOs
ITCTITIITICOTITSIICOLICT

-
o

Do)
)

U X
£

-1
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%
B
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m
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TOTAL ERRORS @@EEE
FIGURE F-2.

ASSEMBLE THE ASSEMBLY LANGUAGE PROGRAM
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EXAMPLE 1 (CONTD)

!RLOAD

Mez0n LINKING LORDER REY 1.1H
CORPYRIGHT BY MOTOROLA 137&
YLOARD=EX10+A=M105LIE=FORLE
TEO=EX1M{HEZF
TLORD=EX10:R=M10sLIE=FOFRLE
TERIT

!LORD:EXIM

EXEL5 1.1 MAID

o203

k= 200 o= Z0.0

ETOR

MezZn EDOS VER 2.1n

FIGURE F-3.

LINK BOTH PROGRAMS AND EXECUTE
THE LOAD MODULE
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FIGURE F-4.
COMPILE FORTRAN PROGRAM
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The following example shows the method used to call a
FORTRAN subroutine from assembly language.

XREF SUBP

JSR SUBP GO TO SUBROUTINE

FCB NN

FDB AAAA ADDRESS OF ARGUMENT

NN AAAA

00 Integer constant address

80 Floating point constant address

90 Floating point common variable address
91 Floating point common variable array
81 Dimensional floating point variable

11 Integer common variable array

01 Integer dimensional variable

00 Integer variable

80 Floating point variable

Cl Dummy dimensional floating point variable
41 Dummy dimensional integer variable

40 Dummy integer variable

Co Dummy floating point variable

NOTE: AAAA always points to the address of the argument. NN
and AAAA must be present for each argument required by
the subroutine being called.

EXAMPLE :

Suppose you wanted to call a FORTRAN subroutine to print the
value of XX. You must place the value in XX before the JSR.

XREF  PRNT
XX RME 4
JSR PRNT
FCB  $80
FDB XX
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APPENDIX G
CREATING A LIBRARY ON THE EDOS SYSTEM
A library is created with the MERGE command. Consider how
programs call one another before merging. For instance, if program A
calls program B, program A must be merged first. Otherwise, the
library must be searched twice. See the M6800 Linking Loader manual
for more details.

For example, suppose you want to put a subroutine called PORT
in FORLB.

!MERGE ,MYLIB,FORLB,PORT

Program PORT now follows all of the FORTRAN library in a
library called MYLIB.

G=1



APPENDIX H
CHANGING RUNTIME I/0 ADDRESSES
It is sometimes desirable to execute FORTRAN programs on
a non-resident system. In order to do this, the EXBUG I/0 addresses

must be changed to those of the system where the program will be
executed, Following is an example of how to change these addresses.

H-1



SETALRD

REL

XREYT, xFPOSTH, KWDTSE
XWRT1, XWRTZ, XREAD
XETF, AFRT, XFOE
RUN, XHZFCL

SETAOD

OO0
OOy
f0G0E
GO0
0
A0 L
Caoay /)
e

NAM
OFT

XREF
XREF
XREF
XREF
X[IEF

THESE ADDREZS OFZETS ARE VAL ID FOR REZTODENT
FORTRAM RELEATZE 1. 2.

i
NI S
RIS |
‘‘‘‘‘ SHIOWS HOW 710 OVERLAY THE EXBELIG

IMN THE RUNTIME FORCEAGE WITH
WHEN THEY UOITFFER FROM EXBLG
THE FIORTRAM ZIDIRCE

I DONE IN THE FORTRAMN

THIZ ROTINE

1710 ADDRESSES

THE LIZERS ADDREZSES

CALL THIS ROUTINE FROM

FROGRAM BEFORE ANY 1./0

FROGRAM NS FOLLOWE:
CALL SETADD

Fowok % ok ok o ok ok

(IR e

-
0~
#

T

THE RUMTIME ROUTIMNGD ARRIVES AT ONY O THE
# AUDRESSES THE TNDEX REGLISTER CONTOIME THE

# MEMORY ADOREZES OF THE DATH 1o BE HANDLED

% ONM OINPUT THE ADODRESS 1% WHERE THE DATA WL
# STORELL O ITRUT WHERE THE DATA IS STORED
% ACCUMOLATOR & CONTATHNES THE CHARACTER FOR
#OOUTRUT TO CONSOLE AT FOLE. IF IT I & =TRTRG

¥ OOF DOMTA, &% WHEN GOING TO FOE4, THE STRIMG EMDZD
# WITH 04,

# WHEN

BE

# TO WRITE YUOLR OWN 10 ROUTIMES OESERVE THE
# FOLLOWING RUHCES:

#OEIZTUMULATLR & ARG B SHOULLD BE SRVED

o THE USER SHOULD PROVIDE HIZ RN TR0,

# AND RESTURIMG THE RUNTIME =100

BT AAV R

QRGO F oSETALD Erd ¥ ENMTRY FGINT FROM FORTRAN

QOO0 ZE DOOO0 © L e YR SValE POINTER
QOO FE o QDoo & STX XETE FERan-EZL18m00 S5To0E FOINTER

VIRIR LORSOLE CR/LF
FORA-CONEDLE CRLE
FOZA4 AGEAINM

SORES
EIARIEN BR

IR AY
SOOMADRF OOO0w
GEROATR Qo0

LLLs
=1
=TX

80
XFRT+1
XEDAT A+

(A ISIRT I
STRT0 0 NS
(S1816% T Y

R T g o
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Do v
sV SR
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GO R
RIS P R o
i B
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0Nl
e
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00z
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Do
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0001
OO0
E1SInh]
(00
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Q00
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DOl
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0001

LA
=TX
L
5TX
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ZTX
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=ZTX
Lo
=R
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STX
RT=
END

HEO
AFLDE+1
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ARBEYT+1
HEOQ
AHSFCL+1
HEOQ
KWL=+ 1
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XKWRTI1+1
E13: A8
AWRTZ+1
HEQ
XREAD+1

FIGURE H-1.
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RETURN T YIOUIR D=
ESOO-EI0S RETLURN

YOILR THFPUT CHAR FROM DISK
ESOe—INFUT CHAR FRIOM DTSR
QUTHFUT LINE CRALF TO PRINT
EnDo—- INE, CRALF, FRIMTER
[y DUTFUT CHAR
ESOr—DISE Tt
CRALKF

FOE1-LCR7LE

FRIMNT CON=ZOLE DHAR
FO1E8~-PRINT CONZDOLE CHAR
INFIT CHAR FROM CONSOLE
CONSOILE INFUT CHOR-FOLS

CHAR

EXAMPLE FOR RESIDENT FORTRAN RELEASE 1.2
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0000

2222 DPDDITD

EXAMPLE
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= ok R

EE I S I

&

C ok ok ok ok A %

L

*
¥
*

NRM SETADD
oF REL

THESE ADDRESS OFSETS ARE VALTL FOR REZTNENT
FORTRAN RELEMAZES MAFTER 1. 2

THIS ROUTIME SHOWS HOW TO OVERLAY THE EX[HIG
170 ADCREZSES IM THE RUNTIME FACKAGE WITH

THE UEERS ADDRESSES WHEN THEY DIFFER FROM EXiIG
al.l 170 BDDRESSES HAVE RBEEN FLUT IN A NAFED
COMMON SREA TO FRESERVE RAMARIDMN DIUCHOTOMY AR
STILL GLLOW THE USER TO MODIFY THE ADDREZZES
FREFARE A TARLE AZ THIS EXAMFLE SHOWZ 10
CHONGE THEM TO YOUIR TN

PMOTE##%s 1T IS5 IMPORTAMT THIZS ASEEMELY FROGROAM
EE LONDED AFTER THE FORTRAN LIBRARY [3 LOADEL
S0 THESE ADDRESZSES WILL OVERLAY THE ADDREZZEDS
LIOADED FROM THE LIERARY NUT OF ROUTINE “RUNT

WHEN THE RUNTIME ROUTIME ARRIVES AT ANY OF THE
AMDRESSES THE INDEX REGTSTER CONTAINS THE
MEMORY ANDRESS OF THE DATA T BE HANDLEL

N INFLT THE ADDRESS 1S WHERE THE DATA WILL [
STORED.  OM OUTEUT WHERE THE DATA 15 STORED
ACCUMOLATOR & CONTAINS THE CHARMCTER FOR

OUTFUT T CONSOLE o7 Fols.  IF IT IS @ STRING
OF DATA, AS WHEN GOING T FOZ4, THE STRING ENLE
WITH 04,

TO WRITE YOUR QWK 10 ROUTINES ORSERVE THE
FOLLOWING RULES:

ACCUMULATOR A AND B SHOULD RE ZAVED

THE LIZER SHOULD FROVIDE HIS OWN O STACE, SAVING
ANDO REZTORIMNG THE RLINTIME STACK

TOOLUESE THIS TAELE YO SIMPLY REFLACE

EACH $0 WITH YOUR 1/00 ADDRESEZ, FOR IMZTAMCE, T4
CHANGE PRINT CONSOLE CHAR, FO1E, TO ANUREZ:S
ZFFF CHANGE THE €0 AT XWRTZ T $ZFFF

. ADDR DOMM FSCT CADDR TE KRAME OF  COMMON

*

AND MUST BE CALLED . ADDR

XETF FLE= %0 FFEA—-EXEUG STAZK FOINTER
XREYT JIMF %0 ES07~INFUT CHAR FROM OIS0

XFOATA JMF S0
XHEFCL JMF &0

FOZ4—-CONSOLE CR/ZLF ADDRES=
EADS-LINE, CRALF T FRIMIE™

XWOISE JmF S0 ESOC-DISC QUTFUT CHAR
XWRT1 .JIMF %0 FOZ1-CR/LF

XWRTZ  JMF S0
XRERARD JMF £0

FO12-FRINT CONSOLE CHAR
FO1o5—CONSOLE INFUT CHRR

XFDosz  JIMF 0 ESO0-EDE RETURN

END

FIGURE H-2.

FOR RESIDENT FORTRAN AFTER RELEASE 1.2
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when used with MDOS.

-ADDR

The same technique described in the two previous EDOS examples
also applies to MDOS. Listed below is a jump table that must be modified

NOTE:

BUFFER IN RXIO

XREF BUF
COMM  PSCT
JMP $0
JMP $0
JMP $0
JMP $0
JMP $0
JMP $0
JMP $0
JIMP $0
END

.ADDR MUST BE USED
CONSOLE INPUT
CONSOLE OUTPUT
LINE PRINTER

DISK INPUT

DISK OUTPUT

REWIND FILE

RETURN TO MDOS
ERROR ROUTINE

On input, the data must be put into the external reference
BUF (a buffer in the RXIO). The data must be ASCII and
must be terminated with a 4.

On output, the data will be in the external reference
buffer (BUF) in ASCII, terminated with a 4.
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