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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 Tanguage 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 Tanguage 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 link-
ing the object program with the M6800 Linking Loader this program can
be executed on the Motorola MC6300 Microprocessor. In addition, when
the FORTRAN compiler detects errors in the source, it produces the
appropriate diagnostic error messages.

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

FORMAT :

FORT,11ist,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 Tisting (optional) and relocatable object
file (optional).

COMMENTS :
list -- Listing file or device (allowable devices:
#LP-1ine printer, #CN-console)
If a listing file is selected, then an object
file cannot be specified. If entry is null
no 1isting will be produced.

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,PROG]T

Produces a Tisting including source, and symbol table on the line
printer and a relocatable object file, "OBJ", 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:

1y

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

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

Specifies the nature of the data being handled.

Specifies the characteristics of the source
program.

statements are as follows:

T x

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.

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

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

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

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

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

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,

a5l
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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.

Q2 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 Tine. Comments are ignored by the FORTRAN
compiler. Blanks may be inserted where desired to improve readability.

The C indicating a comment record and the character & signifying
statement continuation must be in column one. Statement numbers
ranging from 1-99999 also start in column 1 and are followed by at
least one blank. A1l other statements may start any where from 2-72,

243 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:
1. Subprogram statement, if any.

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

3. DATA statements, if any.

4. Executable statements, at Teast 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 1iteral 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. {t ?ccupies two bytes of memory. The maximum
magnitude is 32,767 (216-1),

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 magnitudg of the real constant is 0 or 16702 (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)
19761.256+1  (i.e., 19761.25 x 10 = 197612.5)
7.E3

7.0E3 (i.e., 7.0 x 103 = 7000.0)
7.0E+03

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)

I=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 08§s1de the allowable range; that
is 23.5 x 107/ >16063)

21.3E-90 (Magn1tude outs1de thg allowable range; that
is 21.3 x 10-90 <16769)

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'
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2.5 SYMBOLIC NAMES

DEFINITION Symbolic Names are from 1 through 6 alphanumeric
characters (i.e., numerics 0 through 9 and alphabetic A through Z),
the first of which must be alphabetic.

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*Z
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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
Tist 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.

2ad 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) 1is the location containing 8976
NEXT(4) 1is the location containing 59
NEXT(5) 1is the Tocation 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
2%

Column 1 Column 2 Column 3
ROW 1 82 4 7
ROW 2 12 13 14
ROW 3 91 1 31
ROW 4 24 16 10
ROW 5 2 8 2



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 Of 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.

2732 Arrangement Cf 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)

B(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 1ist 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:
¢(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) C€(3,153) €(1:2,3) €(2,2,3) €(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.

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: *,/,**,

2. Subscript quantities may not contain function references.

3. Subscript quantities may not contain subscripted names.

4, Variable subscripts must be integer only (not real).

5. 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

3. 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.

29,1 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 Tength 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
** 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

2. 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
Ax(-B)

In effect, -B will be evaluated first and then A will be
multiplied with it. (For further uses of parentheses,
see rule 3.)

3. Order of Computation: Computation is performed from left
to right according to the hierarchy of operations shown
in the following Tist.
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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 WH+A**2
d. A**2 Call the result Z W+Z
e, W+Z Final operation

The type and Tength of the result of an operation depends
upon the type and Tength 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

ey 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 I=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, Jd, K Integer Variable 2y Ly 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., *k )
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 *% Integer
Real ik Integer
2.9.4 Logical Expressions

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

LEQ. - equal

.NE. - not equal

.GT. - greater than

.LT. - Tless than

.GE. - greater than or equal to

LE. - 1less 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 .OR.:

C.EQ.D.OR.E.EQ.F
C.NE.D.AND.E.GT.F.OR.G.EQ.H

2-14



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

g=h
a is a subscripted or nonsubscripted variable
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=8B 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.

3=1



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 TO Statement

GENERAL FORM

GO TO XXXX

Where: XXXX is an executable statement number,
The GO TO 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=B+C
25 G = BXFp



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' (37 Rou Kgwsweai)s 1

Where: Xj, Xs....X,, 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 X1s X925 X3seeus OF Xp depending on whether the current value
of 1 is 1,72, 3,..., or n, respectively. The index i is checked at
execution time to ensure it is within the range 1 <1 < n. If the
index is less than 1, execution will continue at statement x;. If
the index i is greater than n, execution will continue at statement
X No error message will be given.

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

7 € = E¥*2+A

25 L =L

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) X35 X2, X3

Where: a is any arithmetic expression.
X1s Xos X3 are any executable statement numbers.

The arithmetic IF statement causes control to be transferred to the
statement numbered xj, X7, 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)**3-8)10, 4, 30

4D=8+C
30 C = D**2
10 € = (F*B)/D+1

In this example, if the value of the expression (A{J,K)**E-B) is
negative, the statement numbered 10 is execuged 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,O0R.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 Togical operator.EQ., may not be meaningful on a binary machine. If
the expression involves any amount of computation, a very small value is
rore 1ikely to result than a zero. When testing to branch equal using .EQ.,
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 DO Initial Test
Range Variable Value Value Increment
Do X i= my mg» m3

Where: x is an executable statement number appearing
after the DO statement.
i is a nonsubscripted integer value and cannot be a
dumrmy . mp, mp, and m3 are either unsigned integer
constants greater than zero or unsigned
nonsubscripted integer variables whose value
is greater than zero. mp 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 separated by a blank.

The DO statement is a command to execute, at Teast 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:

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

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

EXAMPLE 2

DO 25 1 = 1, 1000
25 STOCK(I) = STOCK(I) - OUT(I)
A = BAC



In Example 2, the DO variable, I 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 Toop and the
third statement is executed next. Note that the DO variable I is now un-
defined; its value is not necessarily 1000 or 1001.

EXAMPLE 3

02 1, 10, 2

ol | RO L

5
= ]
RRAY

B

25

I
+
(J) = BRAY(J)
+

C

= N )

In Example 3, statement 25 is the end of the range of the DO Toop.
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, my,
Mo, @3) should not be changed by a statement within
iﬁe range of the DO Loop.

2. There may be other DO statements within the range of
DO statement. A1l 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
DO5S0 I =1,4
A(I) = B(I)**2 Range of
DO50J =1, 5_—| Range of outer DO
50 C(J+1) = A(I) inner DO




EXAMPLE 2

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

g

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

4. 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, mys Mo, M ) cannot be
changed in the extended range of the_ﬁo.

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 D0
DO —— DO
L——*Pl e
DO
2 —=~ 5
Ay

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, mi, Mo, @3) 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 Toop
(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 loop in a nest of DO's is permitted.
4.3.3 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(1)-B(I)) 5, 30, 30
5 A(I) = A(I) + 1.0
B(1) = B(I) - 2.0
G0 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

D030I=1, 20

IF (A(I)-B(I)) 5, 40, 40
5 A(I) = C(I)

GO TO 30
40 A(I) = 0.0

30 CONTINUE
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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. Physically, 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/QUTPUT 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/QUTPUT 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 1ist 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 Tist.

If an unsubscripted array name appears in the 1list, 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;, mo, m3. The indexing
parameters are as defined for the DO statement. Their range is the 1list of
the DO-implied 1ist and, for input Tists, i, mj, mp, and m3 may appear
within that range only in subscripts.

For 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 Tist 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.

&.7 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. Vhen file 1/0 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

B3 READ STATEMENT
GENERAL FORM

READ a, list
READ (b,a) Tist

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

b is an unsigned integer constant or an
integer variable that is in the range
1¢4b<255 and represents a file reference
number.

list is an I/0 1ist 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:
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FORM PURPOSE

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

READ a, list Formatted READ from TTY Terminal.

The form READ (b,a) list 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),I=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,K),...,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,Jd,KK

PRINT 50, II,dJ,KK

CALL CLOSEF(I,J,K,L)
50 FORMAT (3I3)

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 1ist of
variables that will be written to disk
according to the FORMAT a.

The statement WRITE (b,a) list is used to write data into the file
whose reference number is b from the variables whose names are given in the
list. 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,(B(I1,3),1=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. 1If
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.
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5.5 PRINT STATEMENT
GENERAL FORM

PRINT a, list

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

The statement PRINT a, 1ist 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), B(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 unsigned integer 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.

BT FORMAT STATEMENT

GENERAL FORM

xxxxx FORMAT (c1, ¢2, ... 5 Cp)
Where: xxxxx is a statement number (1 through

5 digits.)
C1s Cos ... 5 Cn 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. i

(-4 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 Tist 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 line output.

The concepts apply to all input/output media.
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The following list 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.

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 longer than 72 characters.

3. If the I/0 1ist is omitted from the READ, WRITE, or
PRINT statement, a record is skipped on input, or a
blank record is inserted on output.

57 | 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 1ist—if one exists—and the format specification. There is no
I/0 Tist 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 there is a corresponding element in the I/0 list. 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
list, 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 there are further elements in the I/0 1list 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 1ist than there are format codes, the remaining format
codes are ignored.



LSy ) 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 Tines 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.

e 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 I[f the number of significant digits and sign
required to represent the quantity in the storage
location is less than w, the Teftmost 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 ,42E+08.

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

9.7:4 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 Tist. Therefore, each time the PRINT statement is executed,
one line is printed on the TTY Terminal.



2. When a Tine 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 I/0 1ist, say M, another
lTine 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,!

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

A B N
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 0.116E+06 139
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 1imited 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,A1)
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

ICN I(4)

IMOI

ITOI

IRO{

ILAI

PRINT 9900, I
9900 FORMAT (4A2)

n u n nw

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 Tist corresponds to the literal data. The data is
written directly from the FORMAT statement. (The FORMAT statement can
contain 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,Jd,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 1ist 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 (I4,15).

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 1ist 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,J,X
998 FORMAT ( )
The values may be input in the following form:
3,5,8.3
-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 Tliteral inputs.



5.8 OPENF/CLOSEF STATEMENTS

The OPENF and CLOSEF statements give the FORTRAN programmer control
of disk file handling. Under the present operating system (EDOS) only
one input file and one output file may be opened at a given time.

5.8.1 OPENF/CLOSEF Statement Arguments
GENERAL FORM

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

Where: IUNIT is an unsigned integer constant or an
integer variable in the range 1 IUNIT 255
and represent a file reference number (FORTRAN
unit number),
IFILE is a one to three element integer 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 Tess 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.
IMODE is an unsigned integer constant or an integer
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

The following examples illustrate several OPENF/CLOSEF calls. All
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,d,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)
J1)= R
J(2) = 'NA’
J(3) = 'ME*

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

GENERAL FORM
DATA El/il ’EZXQZ, ----- ,En/gn

Where: Each k is a variable or array name.
Dummy arguments may not appear in the
Tist.
Each d is a list 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 1ist 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/,d4/-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.
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CHAPTER 7
SPECIFICATION STATEMENTS

bl 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(kq).ap(kp),az(k3),..... »an(kn)

Where: aj, as, 84, «ev.s ap are array names.
K1, ko, ES, ..... kpn are each composed of one
through Eﬁree 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)

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

7.3 COMMON STATEMENT
GENERAL FORM

COMMON a(kg),b(k2)s....c(k3)sd(k )sunnnn

Where: a,b,..... sColyiviaa are variable names or
array names that cannot be dummy arguments.
Ryskoss aois K3,k ooan are required only if
%%e 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 list (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 Tocations to be reserved in the following order:

Beginning A B C Layout of
of common 4 locations 4 locations 4 Tocations storage
area
K(1) - K(100)
2 locations S 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.
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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 Teast 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 Timitation 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 SUBRQUTINE 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 Tist 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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3.3.1 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 Tist 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.

6.4 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 (a1,22,33,...3n)

Where: name is the name of the FUNCTION.
21,a82,33, ... an 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 Teast once
in the subprogram—either as the variable name to the Teft of the equal
sign in an assignment statement, as an argument of a CALL statement, or
in an input list (READ statement) within the subprogram.
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The dummy arguments of the FUNCTION subprogram (i.e., @15 325 335 e
ap) may be considered to be dummy variable names. These are replaced at
fﬂe 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**I/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 list 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)

. = gkz

ANS = ROOTT*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 Teast 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 (21,325335 «+«s2p)

Where: name is the SUBROUTINE name (see Paragraph 8.2,
"Naming Subprograms").
ays @835 ... 3y are dummy input and/or
outp_% arguments (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 Teft 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 (a;, a,, 333 eues gn) may be considered dummy
variable names that are rep*acéﬁ 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(100)

K = 100 DO10I=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 (a;,3p,335..-53,)

Where: name is the name of a SUBROUTINE subprogram.
315 455 825 ... @, are the actual arguments
t%at_gre eing SUBp11ed to the SUBROUTINE
subprogram.

EXAMPLE

CALL OuUT
CALL MATMPY (X,5,40,Y,7,2)
CALL QDRTIC (X,Y,Z,R00T1,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.



§: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 literal 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
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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 il Special Characters
H U (blank) %*
I v + s
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.
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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 Tong

05 syntax error

10 duplicate statement label

14 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 manyloperands in this statement

31 number of subscripts does not agree with number of
dimensions

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

FO illegal action
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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=XXXX

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
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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) Real 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,Jd) Integer Integer 2 computer I module J



In addition there are several functions intended for real time
use. These are:

IAND(I,Jd) Integer Integer 2 logical AND of I and J
IOR(I,J) Integer Integer 2 lTogical OR of I and J
IEOR(I,J) Integer Integer 2 logical EOR of I and J

ISHFT(I,d) Integer Integer 2 shift I 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.



APPENDIX E
EXAMPLES OF FORTRAN
This appendix illustrates features of the M6800 Resident FORTRAN
Compiler. It will show how to build and correct a source file using
the Resident Editor and then how to compile, 1ink, and execute the
program.

Steps for the complete procedure are:

a. Build source with editor or copy
from tape to disk.

b. Compile with FORT command
c. Link edit with RLOAD command
d. Load module created in step ¢ with LOAD

command and execute in MAID by starting
at 20;G6
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'EDITa s FiGHM __ﬁ*_____q“‘—-‘-___

Me200 PETZIDENT EDITOR 1.3
COFYRIGHT MOTOROLA 1976
#I COMMOM IARKAY (100

—— ENTER SOURCE
PROGRAM WITH EDITOR

2200 FORMAT CENTER TEN INTESERS AT #<-0

D310 FORMAT ¢
IHE0 FORMAT ¢ SORTED ARFAY
Lnn  FRIMT =300

FEAD 2310 » IARFAY

IFCIARRAY.DED. O 30 TO 32339

TALL EORT
FRIMT 23320 1RAFEAY
=0 TO 100
23333 LTOF
EMD
ZUBFOUTIMHE =0RT
comMmOoM IAF C1 0
100 EE=2
ng sonl=1.%
IFCIAR CIs . LE. IAR CI+1 0
EE=1

2 s LOIT#D

=0 7O =00

ET=IHARRREARR (I
IAR (T «=TAF (1+11
IAR CI+10=KT
S COMTIMUE CORRECTION MADE WIT

=0 7T TTOCL 00 2000 Kk
00 FETLREH
EMD

CONTROL H KEY

TE
ﬂE;;;“““h““hh“hﬁﬁ‘ﬁ"““‘*--______ﬁﬁ_““hﬁ-ﬁ-
ESC KEY PRESSED TWICE

]
.

TERMINATES INSERT

SAVE FILE

FOR MORE INFORMATION ON THE EDITOR SEE THE RESIDENT SOFTWARE
SUPPLEMENT M6800 EXORciser USER's GUIDE,

FIGURE E-1,

CREATING SOURCE WITH RESIDENT EDITOR
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COMPILE PROGRAM WITH

//PRINTOUT TO CONSOLE
TFORT s #CH Z0RTO PGH

0000 o000t ZOmMMOM IARERY ©1 00

#0000 Q0002 3200 FORMAT «"EMTER TEM IMTEGERZ AT 773
#0020 0000z 2210 FORMAT o

0025 0o0ond 23920 FORMAT Y SORTED ARRAY IS -3 10I7-0

++EREOR 0O0O0O0S

0030 OO00S 100 FEINT 22010

0042 N000& FEADT 2210 s IAREARY

+004C nonny IFCIARRAY..ER. DD G0 T ?Qqqq
++ERFOF DD0Z1

+ 0055 00nn= CALL =0OFRT

0055 oo FRIMT 2920« IRRRAY

+O0SE Oonooln =0 7O 100

+008C 0011 39939 =TOF

«MN=F Nonta EMT

DEFIMED =YMEOLE
IARFAY o0nn ZOFT I

nonng ERRORE

#0000 0001 TZURPFOUTIME =0RT
SON0E no0oig COoMHON TARC1 0
0002 onn1s 100 KE=2

0002 oools 0Dg gnnl=1s2
0014 oon1y IFCIARCIY LLE.IARCI+12 30 TO 200
+0040 nnols kk=1

0040 00019 KET=IRRCI2

<055 00020 IARFR I =IAFCI+12
1074 nnnzi IAR CI+10=KT
+00=3 NO0EE 200 COMTIHLE

#0024 0023 GO0 TOC1 00200 1 KE
0030 0002 =00 FETLIFM

+0EE 00025 EMD

DEFIMED =YMEOLE
(A nooE Z0ORET noon I nnis IAF

nooon ERFORE

FIGURE E-2.
COMPILING SOURCE
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'PURGEs 20FTO

ZORTO FURGED DELETE OBJECT FILE

FACEIME DITE

TEDT T FiEMa PEMY

Meoon FESIDEMT EDITOR 1.3 EDIT SOURCE TO
COFYRIGHT MOTORDLA 197F CORRECT ERRORS

FHATE

PEASZOEOLTEE
a0 FORMAT (SORTED ARRAY TZ7«0 107

Cak CRENLTEE
=

5
222h FORMAT (“SORTED ARFRAY 1%7. 210170

FEALTEE
IEYIRRPAY.ER. O G0 TO 93992

IOV EY VL EOLTER
IFeTARRERY C1y JED, 0y 30 TO aqEad

AEERE

LEOR T #0Hy ZORTO FEHE

000 B0nng COoMeAOrN TRERFRY 100 RECOMPILE
ety OnORZ 2FAE00 EORMAT ¢ “EMTER TEH THTEGERE AT ¥
eI 0 Onnnz: =310 FORMAT

eNNES Oonnd =FIE0 CORMAT «“SORTED RREFAY 1777 L 10IF D
eundS Onnos 1o FRIMT ==20r

NG E NN FERD =310 « IARFRY

eSS4 00007 IEVIRRFAY (12 JER. Oy 30 TO 9399
+1107S oo CRLL ZORT

SNNFS nonns ERIMT @S0 TARRAY

«OFE nnoto =0 TO 100

eNnn=C nnnil a3 TTOF

$NOEF ool EMD

TEFIMED =Z¥MEOLE

IARFAY TN ~TOrRT =

nonnig ERFORZ

eI Do1E TURROUTIMHE ZORT

0T Onola Ccgeeror TAR G100

SONN2 Nnn1s tnn EE=2

NON= NN0le ng snni=1+43

001 QO01Y IFSIRR (T LE.IAR CI+12 2 30 TO =00
000 onn1E Kre=1

0040 oot ET=IRR ]2

#0055 Onogzn IAR i Ia=TARCT+17

+0NFE NNzt IARCT+10=KT

SO0ET N0z 200 COMTIMUE

024 onnz: 0 TOCL 00 3000« KK

0030 0004 =on FETLIEM

+00OEBE 00025 EMHD

DEFIMED =%MEOLE

EE NOnE Z0rRT oo 1 Ntz IAF onns

annnn EFFORS FIGURE E-3 CORRECTING AND RECOMPILING SOURCE
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I
'RLOAD PR

LOADER REY 1.1
MOTOROLA 1397%

FEE0n LIMKING
COFYRIGHT EBY
FLORD=Z0ORTO
TLIE=FOFLE:1
TREO=:0FRTH
YHEEZF
TLOAD=Z0FTO
FLIE=FORLE:1

TMAFF

MO UHDEFIMED ZYMEOLE
MAF

= WIZE  ZTR EMD COMH
A 0old o020 nnz:

A o0ld o020 n03s

B ooooo ooon FFFF ooon
Tonold 0ooz2d4 ongdF oonild
O oosn 003 008yT aono
FOISCTY OnR=S 185E 0000

USE LINKING LOADER
TO CREATE LOAD MODULE

SEE M6800 LINKING LOADER
MANUAL FOR MORE INFORMATION
ON THE LOADER

LIB FORLB CONTAINS RUNTIME
I/0 ROUTINES, MATH PACKAGE,
AND OPENF, CLOSEF RELOCATABLE
PROGRAMS AND MUST BE USED TO
COMPLETE THE LINKING.

AODULE HMAME B2CT DECT PECT
MAIM oonn oog4s 00R:s MAIN PROGRAM
ZORT nonog onss 01=H SUBROUTINE SORT
=TI nono oogs 01Fs ________________—-—-—— RUNTIME I/0 ROUTINES
FI10 nong OnAS OATDE LOADED FROM FORLB LIBRARY
DEFIMED =%MEOLE
HEME % TR MAME = TR HAME - TTFE HAME = =TR MHAME = =TE
=1 Foogzc MAIN F noRs =0RT F 012ZA EMDFRM F 114AR I01 F OEDZ
10e F onivd I0= F 10F7 LFUZED P OBBE TRYED F 0OF1IF HAZPCL F ORDS
ELIF F OBz
TERIT EXIT LOADER
'LOADs Z0RTH LOAD OBJECT MODULE
ExEBIR 1.2 MAID ENTER MAID
*Z05 15 ALWAYS START
EMHTEF TEH IMTERERE AT ¥ EXECUTION AT 20
Pl S Fate Sads Ta
ZORTED ARRAY 1%
! & 3 4 K g v = E 11

EMTEFR TEM INTEGERZ AT

T
ZTOF
MESON EDOs

VER 3.8

FIGURE E-4

ﬂ#/”’#’#”’#

RETURN TO EDOS WHEN
EXECUTION IS DONE

LOADING AND EXECUTING THE PROGRAM
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APPENDIX F
LINKING FORTRAN AND ASSEMBLY
LANGUAGE PROGRAMS

This appendix shows how to 1ink an assembly language program to
a FORTRAN program. Note that the assembly language program is an object
file by itself but would work as well if it were in a library.
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'FORTs#CHsMAIMOSMATIH

#0000
0000
0000
+ L0000
0000
e 0aan
«000n
«00nn
00000
«0N01E

«0ZE

DEFIMED =Z%MEOLE

HE M

nonnt
nnons
nonng
onons
nonny
oonns
oontn
nootl

0vFF

ERRORZ

o

{ B B o N

L]

i

THES Ix
AM Me=00 AZZEMELY

AN EXAMFLE OF LIMKAGE EETHEEN

AM Mezon FORTREAN Z0OURCE

WMILL TREE THE
THE LAET TWOs

CHLL REMOL
FRIMT Sk
FORMAT ¢ k=1
EMD

15 nnonz

FIRET TWO
YARIHRELES

s 1. 2aE D2
[

- -~ -~
s I

FIGURE F-1

o=1,21

LAMGUAGE FROGEAM AMD
THE ARZZEMELY FROGEAM

FEOGREAM.,
REGLIMEMTZ AMD
E RMD

“pE14. 53

Do

SAMPLE FORTRAN PROGRAM
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oonng HAM HEM
Oonnz OFT FEL
noonz
nonng
aooons

EMTREY FDIMT MUST BE AT ZEFRO
FELATIWE TO THE FPROGEAM ZECTION AMD
MUZT EBE DECLARED AZ EXTERMAL DEFINITION

LA K R A

noony
D0ans “TOEF H=M
ool
oot
aonte
ooni1s “REEF R

EXTERMAL FEFERENCE RUM IS IM THE RUMTIME
FACKRAGE

* + 4+ 4

nnni4a +*

nooi1s + THE FOLLOWIMEG “ARIAELES MUET EE FUT IM THE
aanie ¢ DRTA ZECTIOMs AMD MUET BE & EYTES LOMSG. THEY
nonty ¢+ WILL HOLD ARIDDREZE: OF EACH ARGLMEMT IM THE CALL
nonts + WHICH WILL BE ZET LIFP AT THE JZF TO RUM+1S
oonis +

oooEnm o annon ODECT

oonsin aonn nong A I FME c

goossh ooz anog H HHAH FME c

Oonsz2n onng nonz AL EME e

oOnNzs4n 000 onns A/ OCo FME z

nonss 4

annge + EMTEY FOIMT MUET EE AT ZERO RELATIVE TO F=CT
Onnzy * FECT=FROZEAM ZECTIOM.

ooz +*

oonE=F oonn FECT

A=k FLUM+15 SET UF LIMEASE AT THIZ
OO0Z1F anns aong 0 FLE I AODFE=E IM RUMTIME FRCEAGE
OONZ2F Onns oons i FIE HH TO ARODDORE== IM CALLIMGE FROG
OO0z=F 0007 e i FLE L THEFE MIIZT EBEE HAM FDE HERE
I
f
I

I
[
T ¢

QOOZ20F Doon ED oonfF =

OO0zE4F 000 ange I FLE I FOR EVEREY HEGLIMEMT IM CALL
OOESF O00E noon A FILE EMDN LIET WITH ZERO.

OONZEF 000D FE 0000 O LI

OO0ZVF 0010 A 00 H LIRA R
oozzF on1g Ee 01 H LIHE 1+

OO0=3F Ont4 FE noongd O LI =
nOndnP a017 A7 oan ETHA sl
oood1F o012 EV 01 ZTHE 12k
noongdzF O01E FE 0002 LI HHA
nond4zF 001E Ae 00 LIDAA R
nnogarF onEn s 0l LIARE 14
OOo4SF 0022 FE Nnons LI [ B
DOO4EP Q025 A7 00 =THA (s
aoo47F 002y ET 01 ZTHE 15
OO04SF 00232 FE Q002 LI HA
LIFA SR

nood4aFE 002 fe 08

i o R S e o Js o T e e R i B e i 0 0

OOOSOF N02F EE 02 LIAE R
ON0S1PF 00z0 FE o0ns LD =
OoanNsgpP 0022 AV 02 =ZTHA C
DOOS3IF 0035 ET 032 ZTHE T
DONS4F anzy 23 RTE

Oonss EHII
TOTHRL ERFDEZ 00000
FIGURE F-2
SAMPLE ASSEMBLY LANGUAGE PROGRAM
THE OBJECT FILE IS CALLED ASMO.
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!RLOAD

Meson LIMEIMG LOARDER REY 1.1
COPYRIGHT EY MOTORDLA 1276
FLOARD=MATIHOs AZMO

FLIEB=FORLE: 1

FEO=MATIMHM

THBEF

FLOAD=MAIMO AZMD
TLIE=FORLE: 1

TESIT

PLOADs MATHMM

E<EUS 1.2 MAID

20513

k=1 1 Z=1.21 LA1Feea3sE+0]L
=ZTOF

JES00 EDOs WER RLE

FIGURE F-3
LOADING BOTH PROGRAMS AND EXECUTING THE LOAD MODULE
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