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CHAPTER 1 

INTRODUCTION 

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

EXORciser 
16,384 bytes of memory 
One EXORdisk drive unit (262,244 bytes) 
TTY or RS-232C compatible terminal 
M6800 Resident Editor 
M6800 Linking Loader 

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

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

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

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

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

FORMAT: 

FORT,list,object,source-l,source-2,----source-n 
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PURPOSE: 
To compile FORTRAN source file(s) with the M6800 FORTRAN 

compiler and to produce a listing (optional) and relocatable object 
file (optional}. 

COMMENTS: 

EXAMPLE: 

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

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

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

FORT,#LP,OBJ,PROGl 

Produces a listing including source, and symbol table on the line 
printer and a relocatable object file, "OBJ", for the source program(s) 
on file 11 PROGl 11 • 

1.2 Line and Character Delete 

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

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

PURPOSE: 
To compile source program statements written in M6800 FORTRAN 

language and to produce a listing (optional) and relocatable object 
file (optional). 

COMMENTS: 
source-i File(s) containing the source program(s). 

More than one program or subroutine may be 
specified as source input. A source file may 
contain a portion of a program or several 
programs. The relocatable object file will 
have the same name as source-i with a default 
suffix of 11 R0 11 • If there are more than one 
source file, the output will be strung together. 

For a full description of the MOOS FORT command, see the 
MOOS command manual. 

EXAMPLE: 
FORT PROGl 

This produces a listing including source on the line printer and 
a relocatable object file PROGl.RO for the source program(s) on 
fi 1 e PROGL 
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2.1 STATEMENTS 

CHAPTER 2 

FORTRAN COMPILER 

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: 

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

2. Specifies the nature of the data being handled. 

3. Specifies the characteristics of the source 
program. 

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

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

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

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

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

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

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

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

2.2 CODING FORTRAN STATEMENT 

These statements are 
the disk 1/0 to assign 
a file name and set up 

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 literal 
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 line may not immedi­
ately precede a continuation line. Comments are ignored by the FORTRAN 
compiler. Blanks may be inserted where desired to improve readability. 

The C indicating a comment record, the character & signifying 
statement continuation, and an X for conditional compilation must 
start in column one. If an X is in column one, the record is treated 
as a comment unless #LP8 or #CN8 is used when invoking the compiler. 
In this case, records with an X in column one will be compiled. 
Statement numbers ranging from 1-99999 also start in column one and 
are followed by at least one blank. All other statements may start 
anywhere from 2-72. 

2.3 ELEMENTS OF THE LANGUAGE 

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

The order of a FORTRAN program unit is as follows: 

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 least one of which 
must be present. 

5. END statement. 

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

A constant is a fixed, unvarying quantity. There are two classes 
of constants -- those that specify numbers {numerical constants), and 
those that specify literal 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.l Integer Constants 

DEFINITION An Integer Constant is a whole number written with-
out a decimal point. It occupies two bytes of memory. The maximum 
magnitude is 32,767 (215-1). 

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

EXAMPLES 

Valid Integer Constants 

0 
91 
173 
-21474 

Invalid Integer Constants 

27. 
3145903612 
5,396 

(contains a decimal point) 
(exceeds the allowable range) 
(contains an embedded comma) 

2.4.2 Real Constants 

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

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

The magnitude of the real constant is 0 or 16-65 (approximately 
10-78) through 1663 (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 

+O 
-999.9999 
7.0E 0 
l9761.25E l 
7.E3 
7.0E3 

7E-03 

( i . e • , 7 • o x 1 o0 = 7. o) 
(i.e., 19761.25 x 10 = 197612.5} 

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

(i.e., 7.0 x lo- 3 = 0.007) 

Invalid Real Constants 

1 
3 ,471. l 
1. E 

l .2E 113 
23.SE 97 

21.3E-90 

{Missing a decimal point or a decimal exponent) 
(Embedded comma) 
(Missing a 1- or 2-digit integer constant 
following the E. Note that it is not interpreted 
as 1. 0 x 100. ) 
(E is followed by a 3-digit integer constant} 
(Magnitude outside the allowable range; that 
is 23.5 x 10~:1?>1663) 
(Magnitude outside the allowable range; that 
is 21.3 x 10-90 <16-60) 

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' 
IX-COORDINATE 
1 3.14 1 

K = 1 AB 1 

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. No element, such as GOTO, IF, 
FORMAT, etc ... may be used as a symbolic name. All elements are 
considered reserved words. 

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

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

A variable (see "VARIABLES") 

An intrinsic function 

A FUNCTION subprogram (see "FUNCTION Subprograms") 

A SUBROUTINE subprogram (see "SUBROUTINE Subprograms") 

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

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

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

2.6 VARIABLES 

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

For example, in the statement: 

A = 5.0+B 

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

2.6.l 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: 

6292704 

4ARRAY 

SI.X 

(Contains more than six characters) 

{First character is not alphabetic) 

(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 
list shows each variable type with its associated length: 

Variable Type 

Integer 

Real 

Length 

2 

4 

2.6.3 Type Declaration By The Predefined Specification 

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

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

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

2.7 ARRAYS 

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

NEXT(l) is the location containing 273 

NEXT(2) is the location containing 41 

NEXT(3) is the location containing 8976 

NEXT(4) is the location containing 59 

NEXT(5) is the location containing 2 

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

The subscripted variable NEXT(!) refers to the 11 Ith 11 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 l through 5, the second from 1 through 
3: 

Column l Column 2 Column 3 

ROW l 82 4 7 

ROW 2 12 13 14 

ROW 3 91 l 31 

ROW 4 24 16 10 

ROW 5 2 8 2 
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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. 

2.7.2 Arrangement Of Arrays In Storage 

Arrays are stored in ascending storage locations, with the value 
of the first of the subscript quantities increasing most rapidly and 
the value of the last increasing least rapidly. 

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

82 12 91 24 2 4 13 l 16 8 7 14 31 10 2 

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

A(l) A(2} A(3) A(4) A(S) 

The array named 8, described by two subscript quantities with the 
first subscript quantity varying over the range from 1 to 5, and the 
second varying from l to 3, appears in ascending storage locations in 
the following order: 

8(1,1) 8(2,1) 8(3,l) 8(4,l) 8(5,1) 

8(1,2) B(2,2) 8(3,2) 8(4,2) B(5,2) 

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

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

C(l,1,1) C(2,l,l) C{3,l,1} C(l,2,1) C(2,2,l) C(3,2,l) 

C(l,1,2) C(2,l,2) C(3,l,2) C{l,2,2) C{2,2,2) C{3,2,2) 

C(l ,1,3) C(2,l ,3) C(3,l ,3) C(l,2,3) C(2,2,3) C(3,2,3) 

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

2.8 SUBSCRIPTS 

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

l. 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 (!HOLD) 

NEXT (19) 

MATRIX (I-5) 

Invalid Subscripted Variables: 

ARRAY (-5) 

LOT (0) 

ALL(X) 

2.9 EXPRESSIONS 

(A subscript quantity may not be negative) 

(A subscript quantity may never be nor 
assume a value of zero) 

(A subscript quantity may not be a real 
variable) 

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

2.9.l 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 T~pe of Expression 

3 Integer constant Integer of length 

A Real variable Real of length 4 

3. 14E3 Real constant Real of length 4 

SIN(X) Real function reference Real of length 4 

(A*B+C) Parenthesized real Real of length 4 
expression 

More complicated arithmetic expressions containing two or more 
primaries may be formed by using arithmetic operators that express the 
computation(s) to be performed. 
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2.9.2 Arithmetic Operators 

The arithmetic operators are as follows; 

Arithmetic Operator 

** 

* 
I 

+ 

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. All 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 

A*(-B) 

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

3. Order of Computation: Computation is performed from left 
to right according to the hierarchy of operations shown 
in the following list. 
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Operation 

Evaluation of functions 

Exponentiation (**) 

Multiplication and division (*and /) 

Addition and subtraction (+ and -) 

Hierarchy 

1st 

2nd 

3rd 

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 Ca 11 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=O-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: 

2-12 



a. (A+B} 

b. {X*C) 

c. B+Y 

d. A**2 

e. W+Z 

Call the result X 

Call the result Y 

Call the result W 

Call the result Z 

Final operation 

B+(X*C)+A**2 

B+Y+A**2 

W+A**2 

W+Z 

4. The type and length of the result of an operation depends 
upon the type and length of the two operands (primaries) 
involved in the operation. Table 2-1 shows the type and 
length of the result of the operations+, -, *, and/. 

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

+ - * I INTEGER (21 REAL _i4l 

INTEGER (2) Integer (2} Rea 1 ( 4) 

REAL (4) Rea 1 ( 4) Real 141 
NOTE 

When division is performed using two integers, the answer 
is truncated and an integer answer is given. For example, 
if !=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 

C, D Real Variable 

Length Specification 

4' 4 

I, J, K Integer Variable 2. 2' 2 

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

Subexpression TyQe and Length 

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

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

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

Base 

Integer 

Real 

2.9.4 Logical Expressions 

** 

** 

Exponent 

Integer 

Integer 

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

.EQ, - equal 

. NE. - not equal 

.GT. - greater than 

.LT. - less than 

. GE. - greater than or equal to 

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

{C.EQ.D.AND.E.GT.F) .OR.G.EQ.H 

However parentheses may be used to change the order or evaluation -

C.EQ.D.AND.(E.GT.F.OR.G.EQ.H) 

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

. NOT.(W.EQ.Y.AND.Z.EQ.V) 

means everything but the intersection of W.EQ.Y.AND.Z.EQ.V 
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CHAPTER 3 

ARITHMETIC ASSIGNMENT STATEMENT 

3.1 GENERAL FORM 

The general form is 

a = b 

Where: a is a subscripted or nonsubscripted variable 
b is an arithmetic expression 

This FORTRAN statement closely resembles a conventional algebraic 
equation; however, the equal si~n 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.!?._ into variable a. 

3.2 ASSIGNMENT STATEMENTS 

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

Vari ab 1 e Names 

I, J, K 

A, B, C, D 

Integer Variables 

Real variables 

Length Specification 

2 

4 

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

Statements 

A = B 

K = B 

A = I 

I = I + l 

A = C*D 

Description 

The value of A is replaced by the 
current value of B. 

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

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

The value of I is replaced by the value 
of I + l . 

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

Type 
of b -Type 

of a INTEGER REAL 

INTEGER Assign Fix and Assign 

REAL Float and Assign 
assign 

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

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

3. Float means transform the resulting value to the form of a 
REAL number, retaining in the process as much precision of 
the value as a REAL number can contain. 
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4.1 INTRODUCTION 

CHAPTER 4 

CONTROL STATEMENTS 

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.l Unconditional GO TO Statement 

GENE~AL FORM 

GO TO XXXX 

Where: XXXX is an executable statement number. 
The GO T!JiliUst 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 

10 A = B + C 

25 C = E**2 
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In this example, each time the GO TO statement is executed, control 
is transferred to statement 25. 

4.2.2 Computed GO TO Statement 

GENERAL FORM 

GO TO (~1 , ~, ~, ••. ,~) , i 

Where: ~l' ~·····~·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 ~l' ~·~····•or~' depending on whether the current value 
of i is 1, 2, 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 ~1 • If 
the index i is greater than n, execution will continue at statement 
~· No error message will be given. 

EXAMPLE 

GO TO (25, 10, 7), ITEM 

7 C = E**2+A 

25 L = C 

10 B + 21.3E02 

In this example, if the value of the integer variable ITEM is 
1, statement 25 will be executed next. If ITEM is equal to 2, state­
ment 10 is executed next, and so on. 
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4.3 ARITHMETIC CONTROL STATEMENTS 

4.3.1 Arithmetic IF Statement 

GENERAL FORM 

IF (~) ~, ~, !) 

Where: a is any arithmetic expression. 
~1 , ~' ~ are any executable statement numbers. 

The arithmetic IF statement causes control to be transferred to the 
statement numbered ~1, l.2, or !3 when the value of the arithmetic expression 
(a) is less than, equal to, or greater than zero, respectively. The first 
executable statement following the arithmetic IF statement must have a 
statement number; otherwise, it can never be referred to or executed. 

EXAMPLE 

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

4 D = B + C 

30 c = 0**2 

• 
10 E = (F*B)/D+l 

In this example, if the value of the expression (A(J,K)**3-B) is 
negative, the statement numbered 10 is executed next. ff t~e 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 {~)' ~ 

Where: a is any logical expression. 
sis 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 ~' unless the statement s causes a transfer. 

EXJ!.MPLES 

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

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

IF (MONDAY) GO TO 10 

NOTE 

It the expression (a) is real, a test for exact zero, or a test with 
tne logical operator.EQ~ may not be meaningful on a binary machine. If 
the expression involves any amount of computation, a very small value is 
Fore likely to result than a zero. When testing to branch equal using .rQ., 
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 

DO Statement 

GENERAL FORM 

End of DO Initial Test 
Range Variable Value Value Increment 

x i = !!!.1 • !!!2' !!1_J 

Where: x is an executable statement number appearing 
after the DO statement. 
i is a nonsubscripted integer value and cannot be a 
<rummy. !!ll• !!!.2• and !!!3 are either unsigned integer 
constants greater than zero or unsigned 
nonsubscripted integer variables whose value 
is greater than zero. !!!.2 may not exceed 216_2 
in value. !!.13 is opt i ona 1 ; 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. 
Values ml, m2. or m3 may not be an express1on 

The DO statement is a command to execute, at least once, the statements 
that physically follow the DO statement, up to and including the statement 
numbered x. These statements are called the range of the DO. The first 
time the statements in the range of the DO are executed, j_ is initialized 
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to the value mJ_; each succeeding time i is increased by the value !!!.3· When, 
at the end of the iteration, i is equal to the highest value that does not 
exceed !!!2• control passes to the statement following the statement numbered 
~· Thus, the number of times the statements in the range of the DO are 
executed is given by the expression: 

+ 1 

where the brackets represent the largest integral value not exceeding the 
value of the expression within the brackets. If !!!.2 is less than m1, 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 carrieslOOO 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 

I=O 
10 I=I+l 

STOCK(I)=STOCK(I)-OUT(I) 
IF(I-1000) 10, 30, 30 

30 A=B+C 

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

EXAMPLE 2 

. 
DO 25 I = 1, 1000 

25 STOCK(!) = STOCK(I) - OUT(I) 
A = B+C 
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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 tne increment, 
1, and statement 25 is again executed. After 1000 executions of the DO 
loop, I equals 1000. Since I is now equal to the highest value that does 
not exceed the test value, 1000, control passes out of the DO loop and the 
third statement is executed next. Note that the DO variable I is now un­
defined; its value is not necessarily 1000 or 1001. 

EXAMPLE 3 

DO 2 5 I = 1 , 1 0 , 2 
J = I + K 

25 ARRAY{J) = BRAY{J) 
A = B + C 

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

1. 

2. 

Programming Considerations in Using a DO Loop 

The indexing parameters of a DO statement (i, m1 , 
!!!2' !!!J) should not be changed by a statement wTthin 
tne range of the DO Loop. 

There may be other DO statements within the range of 
DO statement. All 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 

DO 50 I = 1 , 4 --------., 
A( I) • B(I )**2 
DO 50 J = l , 5--, Range of 

50 C(J+l) = A(I)---1 inner DO 
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EXAMPLE 2 

DO 10 INDEX= L, M----------
N = INDEX + K Range of 
DO 15 J = 1, 100, 2 --i Range of outer DO 

15 TABLE(J) = SUM(J,N)-~inner DO 
10 B(N) = A(N)----------

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, !!lJ.' !!!2' !!!J) cannot be 
changed in the extended range of the DO. 

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 

~1 

--.. 2 

---3 

i-J)O 
l"""f-DO 

--.. 

DO 

.. 
.... .. 

4 

5 

6 

7 

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

5. The indexing parameters (.:!._, !TIJ., ffi2, fil3) may be changed 
by statements outside the range of the DO statement 
only if no transfer is made back into the range of the 
DO statement that uses those parameters. 
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6. The last statement in the range of a DO loop 
{statement x) must be an executable statement. 
It cannot be a GO TO statement of any form, or a 
STOP, RETURN, arithmetic IF statement, or another 
DO statement. 

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

4.3.5 CONTINUE Statement 

GENERAL FORM 

CONTINUE 

CONTINUE is a dummy statement that may be placed anywhere in the source 
program without affecting the sequence of execution. It may be use~ 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 

. 
DO 30 I = 1, 20 

7 IF (A(I)-B(I)) 5, 30, 30 
5 A(I) = A(I) + 1.0 

B(I) = B(I) - 2.0 

GO TO 7 
30 CONTINUE 

C = A(3) + B(7) 

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

EXAMPLE 2 

• 
DO 30 I = 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/OUTPUT STATEMENTS 

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

5.1 INPUT/OUTPUT LIST 

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

If an unsubscripted array name appears in the list, the entire array 
is transmitted in the order in which it is stored. (If the array has more 
than one dimension, it is stored in ascending storage locations, with the 
value of the first subscript quantity increasing most rapidly and the value 
of the last increasing least rapidly. An example is given in Paragraph 
2.7.2, 11Arrangement of Arrays in Storage.") 

If tn i~plied 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 j_=!!IJ, ~· ~- The indexing 
parameters are as defined for the DO statement. Their range is the list of 
the DO-implied list and, for input lists, j_, !!!.l' ~'and !!!3 may appear 
within that range only in subscripts. 

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

PRINT 998, A, B, (C(I), I=l,4), 0(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=l,10), B(I), I=l,20) 
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The order of the names in the list specifies the order in which the 
data is transferred between the record and the storage locations. 

Data is transmitted under control of a FORMAT statement controlling 
the transmission of the data in the record from a form that can be read by 
the programmer to a coded form that satisfies the needs of machine represen­
tation. The transformation for input takes the character codes and constructs 
a machine representation of an item. The output transformation takes the 
machine representation of an item and constructs character codes suitable 
for printing. Most transformations involve numeric representations that 
require base conversion. The prograll1Tler must include a FORMAT statement 
in the program and must give the statement number of the FORMAT statement 
in each READ or WRITE statement. 

5.2 SEQUENTIAL INPUT/OUTPUT STATEMENTS 

There are four sequential input/output statements READ, WRITE, PRINT, 
and REWIND. The READ and WRITE statements initiate the transfer of records 
of sequential files or terminal data transfer. The PRINT statement is used 
to transfer data to the terminal. The RHIIND 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. When file I/O is complete the file must be closed before the 
program is terminated. See Paragraph 5. 8, OPEN17C[OSEF Statements for 
a discussion of these comnands 

5.3 READ STATEMENT 

GENERAL FORM 

READ a, 1 is t 
READ fb, a) 1 is t 

Where: a is the statement number of the FORMAT 
statement describing the record(s) being 
read. 
b is an unsigned integer constant or an 
Tnteger variable that is in the range 
l~bS255 and represents a file reference 
number. 
list is an I/0 list of the variables that 
will be rearl 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 omTtted. 

The basic forms of the READ statement are: 
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FORM 

READ (Q..~) list 

PURPOSE 

Formatted READ from input device. 
If b = 100, formatted READ from a 
TTY-termi na 1 . 

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=l,10) 

The above statement causes input data to be read from the data file 
number 5 into the variables A, B, C(l,K}, C(2.K), ...• C(l0,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= l , l 0) 

The above statement causes input data to be read from the TTY Terminal 
keyboard into the variables A, B, C(l,K), C{2,K), .•. ,C(l0,K) in the format 
specified by the FORMAT statement whose statement number is 98. 

EXAMPLE 3 

READ ( l 00, 98) A, B, ( C ( I, K) , I= l , l 0) 

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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5.4 

50 

1=10 
J= 1 XX 1 

K=O 
CALL OPENF(I,J,K,L) 
READ(I,50) II,JJ,KK 
PRINT 50, 11,JJ,KK 
CALL CLOSEF(J,J,K,L) 
FORMAT ( 3 I 3 ) 
END 

WRITE STATEMENT 

GENERAL FORM 

\~RITE (.12_,~) 1 i st 

Where: a is the statement number of the FORMAT 
statement describing the record(s) being 
written. 
b is an unsigned integer constant or an 
Tnteger variable that is in the range 
l~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. 
list is optional and is an I/0 list of 
variables that will be \'lritten to disk 
according to the FORMAT a~ 

The statement WRITE (b,a) list is used to write data into the file 
\·those 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 

l~RITE (10,75) A,(B(I,3),I=l,10,2),C 

The above statement causes data to be written from the variables A, 
B(l,3), B(3,3), 8(5,3), 8(7,3), 8(9,3), and C to file number 10 in the 
format specified by the FORMAT statement whose statement number is 75. If 
the file number was 101 instead of 10, the data would have been printed at 
the terminal, or if it 1·1ere 102, data would have been printed on the line 
printer. 
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5.5 PRINT STATEMENT 

GENERAL FORM 

PRINT ~' list 

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

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

EXAMPLE 

PRINT 75, A, (B(I,3),I=l,10,2), C 

The above statement causes data to be written from the variables A, 
B(l,3), B{3,3}, 8(5,3), 8(7,3), 8(9,3), and C to the TTY Terminal in the 
format specified by the FORMAT statement whose statement number is 75. 

5.6 REWIND STATEMENT 

GENERAL FORM 

REWIND b 

Where: b is an unsigned integer constant or integer 
variable that is in the range lib~255 and 
represents a fi 1 e reference/ number. 

The REWIND statement causes a subsequent READ or WRITE statement 
referring to b to read data from or write data into the first record of 
file number b-:-

5.7 FORMAT STATEMENT 

GENERAL FORM 

xxxxx FORMAT ( c1, c2, . . . , cn) 

Where: xxxxx is a statement number (1 through 
5 digits.) 
.£1• f2• ... , En are format codes. 
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The format codes are: 

alw 

aEw.d 

aFw.d 

a Aw 

Describes integer data fields. 

Describes real data fields. 

Describes real data fields. 

•Literal 1 

Describes alphameric data fields. 

Transmits literal data. 

wX 

!( ... ) 

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

Indicates a group format specification. 

Where: ! 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-:-
~ 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 co1T111as and 
slashes can be used as separators between format 
codes (see Paragraph 5. 7. l, 11 Various Fonns of a 
FORMAT Statement. 11 

The FORMAT statement is used in conjunction with the 1/0 list 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 1/0 list gives the names of the data items to make up the 
record. The length of the list in conjunction with the FORMAT statement 
specifies the length of the record (see Paragraph 5.7.1). Throughout this 
paragraph, the examples show TTY Terminal input and printed 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 after specifi­
cation statements. 

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

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

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

5.7.1 Various Forms of a FORMAT Statement 

All 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 list--if one exists--and the format specification. 
There is no 1/0 list item corresponding to the format descriptors X 
and literals enclosed in apostrophes. These output information 
directly to the record. 

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

If, however, format control reaches the last outer right 
parenthesis of the format specification and another element is specified 
in the 1/0 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 or not there are further elements in the 
I/0 list is asked only when an I, E, F, or A, or the final right 
parenthesis of the fonnat specification is encountered. Before this 
is done, X, literals enclosed in apostrophes, and slashes are processed. 
If there are fewer elements in the I/0 list than there are format 
codes, the remaining format codes are ignored. 
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5. 7. l. l 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/El0.3,F6.2) 

describes two FORTRAN record formats. The first, third, etc., records are 
transmitted according to the format 13, F6.2, and the second, fourth, etc., 
records are transmitted according to the format El0.3, 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 any~1here else in a FORMAT statement, the number 
of blank lines inserted is n-1. For example, the statement: 

25 FORMAT (1X,10I5//1X,8El4.5) 

describes three FORTRAN record fonnats. On output, it causes double 
spacing between the line written with fonnat lX,1015 and the line written 
with the fonnat 1X,8El4.5. 

5.7.2 I Format Code 

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

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

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

5.7.3 E and F Fonnat 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 

OUTPUT 

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. rt makes no difference, for 
example, whether E, or F is used to describe 
a field containing 12.42E08. 

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 Q_ are dropped. 

5.7.4 Examples of Numeric Format Codes 

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

EXAMPLE 1 

75 FORMAT (I3,F5.2,E10.3,El0.3) 

PRINT 75, N,A,B,C 

1. Four fields are described in the FORMAT statement and four variables 
are in the I/0 list. Therefore, each time the PRINT statement is executed, 
one line is printed on the TTY Terminal. 
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2. When a line is printed, the number in integer format in location N 
is printed in the first field of the line (three columns). The number in -
the second field of the line (five columns) is printed in real format, with 
no decimal exponent, and comes from location 8_, etc. 

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

4. If there were one fewer variable 1n the list (say C is omitted), 
no number would be printed according to the format El0.3. 

5. This format statement defines only one record format. Paragraph 5.7.1 
11 Various Forms of a FORMAT Statement 11 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,I5) 

PRINT 76, A,B,N 

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

A 
034~40 

031.10 

0 

01.132 

B 
123.3BOE+02 

1156.10E+02 

834.621E-03 

83.121E+06 

N 
o!l 

130 

428 

000 

Then, the following lines are printed: 

34.40 

31.10 

0.00 

1.13 

0.123E+05 

0.116;:+06 

0.835E+OO 

0.831E+08 

5.7.5 A Format Code 

31 

138 

428 

0 

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 limited to two characters per integer variable. The 
A format code may not be used with real variables. Each alphabetic or 
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special character is given a unique internal code. Numeric data is converted 
digit by digit into internal format, rather than the entire numeric field 
being converted into a single binary number. Thus, the A format code can 
be used for numeric fields, but not for numeric fields requiring arithmetic. 

EXAMPLE 1 

9900 FORMAT {A2,Al) 

READ 9900,I,K 

Assume the following is entered at the ? when the program is executed: 

?ABC 

The AB will be stored in I and B will be left justified and stored in K. 

Assume the above is now printed with a different FORMAT: 

9910 FORMAT {2Al) 

PRINT 9910, I,K 

The following will be printed at the console: 

AC 

EXAMPLE 2 

DIMENSION I { 4) 
I (1) = 'MO I 

I ( 2) = I TO I 
I (3) = I RO I 

1(4) = 1 LA 1 

PRINT 9900, I 
9900 FORMAT (4A2) 

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 ( 1 1975 INVENTORY REPORT') 

No item in the I/0 list corresponds to the literal data. The data is 
written directly from the FORMAT statement. {The FORMAT statement can 
cor.tain other types of format codes with corresponding variables in the 
1/0 list.) For example, the following statements: 

8 FORMAT (I MEAN AVERAGE: I ' 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 (IlO,lOX,4!10) 

READ (5,5) I,J,K,L,M 

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

5.7.7 Group Format Specification 

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

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

10 FORMAT 

10 FORMAT 

(I3,2(I4,I5),I6) 

(I3,I4,I5,I4,I5,I6) 

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/O list than there are format codes in the 
FORMAT statement (see Paragraph 5.7.1, "Various Forms of a FORMAT Statement 11 ). 

Thus, in the previous example, if there were more than six items in the I/O 
list, control would return to the group repeat count 2 which precedes the 
specification (I4,I5). 

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

40 FORMAT (2I3/(3F6.2,F6.3/E10.3,3El0.2)) 

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 El0.3,3El0.2, until the I/O list is ex­
hausted. 
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5.7.8 Free Format Input 

Data may be read fron1 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 to 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: 

3,5,3.3 

-3,6,5.8 

etc. 

Alphanumeric data may be input into integer variables according to 
the Al or A2 format codes. These are the only format codes that may be 
used for literal inputs. 
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5.8 OPENF/CLOSEF STATEMENTS 

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

5.8.1 OPENF/CLOSEF Statement Arguments for EDOS 

GENERAL FORM 

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

Where: !UNIT is an unsigned integer constant or an 
integer variable in the range l~IUNIT~255 
and represent a file reference number (FORTRAN 
unit number). 
!FILE 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 less than six characters are specified, the 
file name is padded with spaces. Although six 
characters may be specified, only the first five 
are considered significant by the present operating 
system; therefore, the first five must be unique. 
If less than five characters are specified, the 
last characters must be followed by blanks if IFILE 
is an array name. 
IMODE is an unsigned integer constant or an 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 11 • 

5.8.2 OPENF/CLOSE~ 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 (EDDS only) 

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(l, 1 FN 1 ,K,L) 
CALL CLOSEF(I,'FN' ,K,L) 

EXAMPLE 2 

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

EXAMPLE 3 

CALL OPENF(I, 1 FLNAME 1 ,K,L) 
CALL CLOSEF(I, 1 FLNAME 1 ,K,l) 

This form is valid and will not cause an error; however, only the 
first two characters, i.e., 11 FL 11 are passed and used as the file name. 

EXAMPLE 4 

DIMENSION J ( 3) 
DATA J/ 1 FL 1 , 1 NA 1 ,'ME'/ 

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

EXAMPLE 5 

DIMENSION J (3) 
J ( 1) = I FL I 

J(2) = 'NA' 
J (3) = I ME I 

. 
CALL OPENF(I,J,K,L) 
CALL CLOSEF{I,J,K,L) 
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5.8.4 OPENF/CLOSEF Statement Arguments for MOOS 

GENERAL FORM 

CALL OPENF{IUNIT, !FILE, !MODE) 
CALL CLOSEF{IUNIT) 

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

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

FILENAME.SX:N 

Where 11 FILENAME 11 is a 1-8 character name, the period ( 11 • 11 ) 

is the suffix delimiter 11 SX 11 is a 1-2 character suffix, 
the colon (11 : 11 ) is the logical drive delimeter, and 11 N11 is 
the logical drive number. 

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

0 = illegal mode 
1 = input mode 
2 = output mode 
3 = update mode 

No defaults are assumed for any of the arguments; therefore, all arguments 
must be specified. Note that three (3) arguments are required for OPENF, 
while only one (1) is required for CLOSEF. While no defaults are assumed 
for any arguments, the suffix and/or logical drive number portion(s) of 
IF ILE wil 1 default to 11 SA 11 and 11 011 , respectively, if omitted. 

Additional information about the arguments is in Paragraph 8.7, "Arguments 
in a Function or Subroutine Subprogram 11 • 

5.8.5 OPENF/CLOSEF Programming Considerations for MOOS 

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

5.8.6 OPENF/CLOSEF Examples for MOOS 

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

EXAMPLE 1: 

EXAMPLE 2: 

EXAMPLE 3: 

EXAMPLE 4: 

CALL OPENF {I, IFNI ' K) 
CALL CLOSEF {I) 

J='FN' 
CALL OPENF {I,J,K) 
CALL CLOSEF {I) 

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

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

DIMENSION J(4) 
J{l)='FI' 
J(2)='LE' 
J(3)='NA' 
J(4)='ME' 

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

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

EXAMPLE 5:. 
DIMENSION J ( 4) 
DATA J/'Fl', 'LE', '.F', 'T'/ 
CALL OPENF (l,J,K) 
CALL CLOSEF (I) 
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EXAMPLE 6: 
DIMENSION J(S) 
J(l)= 1 F1 1 

J(2)= 1 LN 1 

J(3)= 1 AM 1 

J(4)='E. I 

J(5)= 1 FT 1 

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

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

EXAMPLE 7: 

EXAMPLE 8: 

DIMENSION J(4) 
J(l)= I Fl I 
J(2)= 1 LE 1 

J(3)= 1 NA 1 

J(4)=':1' 

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

DIMENSION J(3) 
DATA J/ I Fl I , IL: I ' I l 1 I 

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

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

EXAMPLE 9: 

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

J(2)= 1 NA 1 

J(3)= 1 ME 1 

J(4)= 1 .F 1 

J(5)=':1 1 

. 
CALL OPENF (I,J,K) 
CALL CLOSEF (I) 
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EXAMPLE 10: 
DIMENSION J ( 7) 
DATA J/'Fl', 'LE', 1 NA', 1ME', 1 .s•, 1A:', 101 / 

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

5-19 



CHAPTER 6 

DATA INITIALIZATION STATEMENT 

GENERAL FORM 

DATA !_1/s!.1,~/~, •.... ,~/.S!.n 

Where: Each k is a variable or array name. 
Dummy-arguments may not appear in the 
list. 
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 list!_ and the 
total number of constants specified by the corresponding list 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 I/5/,J/-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 

7.1 DEFINITION 

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

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

7.2 DIMENSION STATEMENT 

GENERAL FORM 

DIMENSION ~ (~1) .~ (~) ,~ (Js3), .•.•. ,~ (b,) 

Where: ~' ~· ~· ..... ~are array names. 
Ju, 12· Js3, ..... Js, are each composed of one 
through three unsigned integer constants, 
separatec by commas, representing the 
maximum value of each subscript in the array. 

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

EXAMPLE 

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

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

7.3 COMMON STATEMENT 

GENERAL FORM 

COMMON ~(Ju) .~(!2), ..... £(Js3) ,~(~ ) , •.•.• 

Where: a,b, ..... ,c,d, ..... are variable names or 
array names that cannot be dummy arguments. 
~.!s,z •.•... Ji3,!5_ •••.• are required only if 
tne 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, 11 SUBPROGRAMS 11 ). 

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(lOO) . 

COMMON X, Y, Z, J(lOO) 

. 
CALL MAPMY ( ... ) 

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

Beginning 
of common 

area 

A 
4 locations 

K(l) 
2 locations 

B 
4 locations 

c 
4 locations 

K(lOO) 
2 locations 

Layout of 
storage 

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

CHAPTER 8 

SUBPROGRAMS 

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

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

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

8.2 NAMING SUBPROGRAMS 

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

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

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

8.3 FUNCTIONS 

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

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

2. Refer to the function by name where required in the program. 
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8.3.1 Function Definition 

There are three steps in the definition of a function in FORTRAN: 

1. The function must be assigned a unique name by which it may be 
ca11ed (see Paragraph 8.2). 

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

3. The procedure for eva1uating the function must be stated. 

8.3.2 Function Reference 

When the name of a function, fo1lowed by a list 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 
resu1ting 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. 

8.4 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 (.!l,,~,~3, .•. ~) 

Where: name is the name of the FUNCTION. 
~'~'~' ... ~are dummy arguments. They 
must be nonsubscrioted variable, array, or 
dummy names of SUBROUTINE or other FUNCTION 
subprograms. (There must be at 1east 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 1east once 
in the subprogram~either as the variab1e name to the left of the equal 
sign in an assignment statement, as an argument of a CALL statement, or 
in an input 1ist (READ statement) within the subprogram. 
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The dummy arguments of the FUNCTION subprogram (i.e., .!l' !2' ~' ... 
~) may be considered to be dummy variable names. These are replaced at 
the 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. 11 

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 

• 
ANS= ROOTl*CALC(X,Y,I) 

FUNCTION Subprogram 
FUNCTION CALC (A,B,J) 

I = J*2 

. 
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 

. 
ANS = ROOTl*KALC{L,M,I) 

FUNCTION Subprogram 
FUNCTION KALC(I,J,K) 

I = J*2 

. ' 
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 

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

EXAMPLE 

FUNCTION DAV (D,E,F) 
IF (D-E) 10, 20, 30 

10 A = D+2.0*E 

• 
5 A = F+2.0*E 

. 
20 DAV = A+B**2 

RETURN 
30 DAV = B**2 

RETURN 

8.6 SUBROUTINE SUBPROGRAMS 

INTRODUCTION 

The SUBROUTINE subprogram is similar to the FUNCTION subprogram in 
many respects. They both require an END and RETURN statement, and they 
both contain the same sort of dummy arguments. Like the FUNCTION sub­
program, the SUBROUTINE program is a set of commonly used computations, 
but it need not return any results to the calling program, as does the 
FUNCTION subprogram. 

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

GENERAL FORM 

SUBROUTINE name (~l·!2·~, •.• ,~) 

Where: name is the SUBROUTINE name (see Paragraph 8.2, 
11 Naming Subprograms"). 
~1' !2• ~· ... ~are dummy input and/or 
output 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 left of an arithmetic statement, in an input list within the sub­
program, as arguments of a CALL statement, or as arguments in a function 
reference. The SUBROUTINE name must not appear in any other statement 
in the SUBROUTINE subprogram. 

The dummy arguments (~1 , ~' ~~' •.• ,~)may be considered dummy 
variable names that are repTacea 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. 11 

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 11 copy 11 one array directly into another. 

CALLING PROGRAM 
DIMENSION X(lOO),Y(lOO) 

SUBROUTINE SUBPROGRAM 

SUBROUTINE COPY {A,B,N) 
DIMENSION A (100),8(100} 
DO 10 I = 1, N K = 100 

CALL COPY (X,Y,K) 10 B(I) = A(I) 
RETURN 
END 

8.6. l CALL Statement 

The CALL statement is used to call a SUBROUTINE subprogram. 

GENERAL FORM 

CALL name (~1 ,!2 ,~3 , .•. ,~} 
' 

Where: name is the name of a SUBROUTINE subprogram. 

EXAMPLE 

~1 , ~' ~' •.• ~are the actual arguments 
tnat ~re oeing supplied to the SUBROUTINE 
subprogram. 

CALL OUT 
CALL MATMPY {X,5,40,Y,7,2) 
CALL QDRTIC (X,Y,Z,ROOT1,ROOT2) 

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. 
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8.6.2 RETURN Statement in a SUBROUTINE Subprogram 

GENERAL FORM 

RETURN 

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

8.7 ARGUMENTS IN A FUNCTION OR SUBROUTINE SUBPROGRAM 

The dummy arguments of a subprogram appear after the FUNCTION or 
SUBROUTINE name and are enclosed in parentheses. They are replaced at 
the time of execution by the actual arguments supplied in the CALL 
statement or function reference in the calling program. The dummy 
arguments must correspond in number, order, type, and length to the 
actual arguments. For example, if an actual argument is an integer 
constant, then the corresponding dummy argument must be an integer. 
If a dummy argument is an array, the corresponding actual argument 
must be (1) an array, or (2) an array element. In the first instance, 
the size of the dummy array must not exceed the size of the actual 
array. In the second, the size of the dummy array must not exceed the 
size of that portion of the actual array which follows and includes 
the designated element. 

*The actual arguments can be: 

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

If a 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 ~onstant should not be specified 
as an actual argument unless the programmer is certain that the cor­
responding du11111Y argument is not assigned a value in the subprogram. 

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

FUNCTION DERIV (X,Y,Z) 
COMMON W 

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

COMMON B 

. 
C = DERIV (A,B,A) 

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

SOURCE PROGRAM CHARACTERS 

AlEhabetic Characters Numeric Characters 

A N 0 5 

B 0 1 6 

c p 2 7 

D Q 3 8 

E R 4 9 

F s 
G T SEecial Characters 

H u (blank) * 

I v + 

J l4 

K x I 1 (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 11 code 11 represents one of the 
fo 11 owing coded errors. "Co 1umn 11 represents the contents of the 
remainder of the line at the point that the error was detected. For 
example: 

0250 IF(J-3 10,20,30 

****ERROR 05 10,20,30 

00 illegal character 

01 syntax error 

02 program contains too many variable names, symbol 
table overflow 

03 statement is too complex for compiler 

04 string is too long 

05 syntax error 

10 duplicate statement label 

11 name already defined 

12 array dimension too large 

13 COMMON variables cannot be initiated in DATA statements 

20 too many statement labels 

21 function/subroutine name already used 

22 dummy argument name already used 

30 too many operands in this statement 

31 number of subscripts does not agree with number of 
dimensions 

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

34 disk not ready 

36 duplicate file name 

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

38 output file not open 

3C no more disk space or directory space 

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

40 too many repeats in the format statement 

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

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

44 attempt to rewind file that is not open 

BO 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) P.eal Real 1 cosine of X 

ATAN(X) Real Real 1 arctangent of X 

ALOG(X) Real Real 1 natural logarithm of X 

ABS(X) Real Real 1 absolute value of X 

POWER(X, Y) Real Real 2 computes X**Y 

MOD (I ,J) Integer Integer 2 computes I modulus 

NOTE: Arguments must be a single variable or constant. Expressions are 
not a 11 owed. 
Due to the method of using temporary storage when calculating 
values of functions, operations on two functions will not return 
the correct value. 

For example: 
A=SIN(X) + COS(Y) 

will not return correct value to A. But: 

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

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

IAND(I,J) Integer Integer 2 logical AND of I and J 

IOR(I,J) Integer Integer 2 logical OR of I and J 

IEOR(I,J) Integer Integer 2 logical EOR of I and J 

ISHFT(I,J) 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. 
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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, link, and execute the 
program using the EDOS or MDOS system. 

Steps for the complete procedure are: 

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

b. Compile with FORT command. 

c. Link edit with RLOAD command. 

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

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

EDDS COMMAND 

EDIT ,,SORT 

FORT,#CN3,SORTO,SORT 

PURGE,SORTO 

EDIT,SORT,SORTY 

RLOAD 

LOAD,SORTM 
20;G 

RASM,#LP,ASMlO,ASMl 

MERGE,MYLIB,FORLB,PORT 

EQUIVALENT 
MOOS COMMAND 

EDIT SORT 

FORT SORT;-PL=#CN,O=SORTO 

DEL SORTO.RO 

EDIT SORT 

RLOAD 

LOAD SORTM;VG 

RASM ASMl;LO=ASMl 

MERGE FORLB ,PORT ,MYLIB 
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! ED IT, • 1fS.T~=-=-~=-------------
M6:3 0 0 PES: I DEtH EII I TOJ;• 1 • :;: ENTER SOURCE 
CDP'r'f'' I GHT MOTDPDLA 1 ·;..7;:. PROGRAM WITH EDITOR 
@I COMMON IAPRAY(10) 
9900 FDPMAT<'ENTEP TEN INTEGERS AT ?'/) 

'391 0 FOPMAT { r 
9920 FORMATC,SOPTED ARRAY IS'/)~10!7/) 

1 0 0 PP HH 9•;:,. 0 0 
READ 9910 ~ !ARRAY 
IF(IAPRAV.EQ.0) GO TO 99999 
•:·.=tLL ·s:OPT 
PRINT '920,lAPRAY 
GD TO 100 

9·;.i99·;.. STOP 
E'tHI 
5:UBPDUTHiE -S.Oh:'T 
COMMOt·~ I A~' i'. 1 en 

1 00 t<K=2 
flD 200I=1 • ·~ 
IF i::IAP (I°:i. LE. IAi:;:· l'.'I+l ., :1 GD TO 200 
KK=1 
KT=IAAP~·AP (!) 

I AJ;.· ( I ) =I AP (I + l r 
IAP •:I+l :•=KT 

200 CONTINUE CORRECTION MADE WITH 
GD T TTD q oo, ~:OOJ • ~:::t<. CONTROL H KEY 

·;:oo RETUPn 
END $$---------

- ESC KEY PRESSED TWICE 
TERMINATES INSERT 

SAVE FILE 

FOR MORE INFORMATION ON THE EDITOR, SEE THE CORFSIDENT EDITOR 
REFERENCE MAMUAL, M68CRf(D). 

FIGURE E-1. 

CREATING SOURCE WITH RESIDENT EDITOR 
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! FDPT' ~~CtB' S:ORTD' SDPT ------------ COMP I LE PROGRAM WITH 
PRINTOUT TO CONSOLE, 

M6800 PESIDENT FOPTRAN 1.2 
COPYRIGHT BY MOTOROLA 1976 

NO PAGING 

•0000 00001 
•0000 00002 9900 
•0020 00003 9910 
•0025 00004 9920 

+•EPF"'OP 0 0 0 05 
•00:3D 00005 100 
•0046 00006 
•0055 00007 

++ERPDP 00o:;:1 
• 0 055 0 0 (11):3 

•005:;: 00009 

COMMON IARRAY<10) 
FOPMAT<~ENTEP TEN INTEGERS AT?'') 
FORMAT 0 
FORMAT<'SDRTED ARRAY IS'/),1017/l 

PRitH '3900 
READ '3'31 o, IAPPA'1' 
IF<IAPRAY.EQ.0) GO TD 99999 

CALL SORT 
PRINT 9920,IARRAY 
GO TD 100 +OOE.7 00010 

+oo.:.c 00011 
+006F 00012 

9·3·3•39 S:TOP 
END 

I•EF I NEit S:~·'M'.E:OL:S: 

IARPAY ooon SORT 07FF 

00002 ERRORS 

•0000 0001:3 
•0003 00014 
• 0 (I 03 00015 100 
•OOOE 00016 
•0014 00017 
•0040 00018 
•004B 00019 
•0060 On Oc'. 0 
+ 0 07F 00021 
•00"34 00022 200 
+009D 0002:::: 
•OOE:A 00024 ::::oo 
•OOBE: 00025 

DEF I t·iEil SYME:OLS: 

SUBPDUT I ME :S:OPT 
COMMON I AR c 1 0) 

n~:=2 

DD 200I=1, 9 
IFCIAPCI).LE.IAR<I+l)) GO TD 200 
n<=t 
KT=IAP(I) 
HW (I) =TAP (!+1) 
I AP <I+ D =l<T 

cmnrr-~uE 

GO TOC100·300),KK 
RETUPN 

Er-m 

KK OOOE SORT 0000 I 0012 IAR 

00000 EPRDRS: 
!PUPGE,SORTO 
SORTO PUf'·GED 
PACKH~G DI:S:V 

0002 KT 

·DELETE OBJECT FILE 
! EDIT, SORT' SDRTV -::-:-:----------
M6800 RE:S:IDEt"ff EDITOR 1.3 - GO TO EDITOR TO CORRECT 
COPYRIGHT MOTOROLA 1976 ERRORS 
:i•A$'I: 

FIGURE E-2. 
COMPILING SOURCE 
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;)IS992 0$ OL T$$ 
9920 FDRMATC'SDRTED ARRAY IS'/),10I7/) 

:i!O , $, $ OL T$$ 
9920 FORMATC'SORTED ARRAY IS'/,10I7/) 

:i':3L T$$ 
IFCIARRAY.EQ.0) GD TO 99999 

;~1Cf'$Y ( 1) $ OL T$$ 

IF<IARRAY<l>.E0.0) GO TD 99999 
;~•BE$$-----------------SAVE CORRECTED FILE 

! FOP.T' ~~Cti:3' S:ORTD' :S:ORTY----------- RE COMP I LE 

M6800 RESIDENT FOP.TRAN 1.2 
COPYRIGHT BY MOTOROLA 1976 

•0000 00001 
•0000 00002 
•0020 00003 
•0025 00004 
•0045 00005 
•004E 00006 
•005D 00007 
•0075 0000::: 
•0078 00009 
•0087 00010 
•008C 00011 
•008F 00012 

COMMON IARRAY<10) 
9900 FORMATC'ENTER TEN INTEGERS AT ?'/) 

9'31 0 FOP.MAT O 
9920 FORMATC'SDRTED ARRAY IS'/,10I7/) 
100 PRINT 9900 

READ 9910,IARRAY 
IFCIARRAYCl).EQ.0) GO TO 99999 
Ct=!LL SORT 
PRINT 9920,IARPAY 
GO TD 100 

9'3999 S:TOP 
END 

DEF I NED S:VMBOLS: 
!ARRAY 0000 SORT 076E 

00000 ERF<'DRS 

•0000 00013 S"UE:ROUT I NE SORT 
•0003 00014 COMMON IAP. 0 0) 
•0003 00015 100 l<K=2 
•OOOE 00016 DD 200I=1,·~ 

•0014 00017 IFCIAR<I>.LE.IAR<I+l)) 1::;0 TD 200 
•0040 00018 KK=l 
•004B 00019 KT=IAP <D 
•0060 00020 !AR <D =IAR (!+1) 
+(11)7F 00021 IAR 0+1) =KT 
•0094 00022 200 C:DtHINUE 
•00'3!1 000;::'.:3 GD TD <1 oo, :300"> 'l<K 
•OOE:A 00024 3 (I (I i;~ETURN 
•OOE:E: 00025 END 

DEF I t~ED S\'MBOLS 
KK OOOE SORT 0000 I 0012 IAR 

00000 EPPORS: FIGURE E-3. 
CORRECTING AND RECOMPILING SOURCE 
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- ------------ USE LINKING LOADER TO CREATE 
! F.'LOAD LOAD MODULE. 

M6800 LIN~ING LOADER REY 1.lA 
COPYRIGHT BY MOTOROLA 1976 
?LOAD=S:DRTO 

REFER TO M6800 LINKING LOADER 
MANUAL FOR MORE INFORMATION 
ON THE LINKING LOADER. ?LIB=FORLB 

?BO=:S:ORTM; ABSP 
?LOAD=SORTD;LIB=FDRLB 
?MAPF 

ND UNDEFINED SYMBOLS 
MAP 

--· ·-' :s: I ZE STR E~m COMN 
A 0014 0026 oci::::9 
B 0000 0000 FFFF 0000 ,-. 
-· 0014 oo:3A 004D 0014 
[I 0168 004E 01B5 0000 
p 143B 01B6 15FO 0000 

MODULE NAME BS:CT DS:CT 
MA It~ 0000 004E 
SORT 0000 008C 
F.'.UN 0000 OOAE 
R>~ID 0000 OODl 

DEFINED s:~·'MBOL:s: 

P:S:CT 
01 E:6 
0248 

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

----- MAIN PROGRAM 
----- SUBROUTINE SORT 

o::::o:J 
OBC:::: 

----- RUNTIME I/O ROUTINES LOADED 
FROM FORLB LIBRARY. 

~iAME s S:TR MAME ~- :S:TR ~ ~iAME s: STR NAME s S:TR t·~At·1E 
--· 

:s:n·: ._, 
RUN p 1):327 MAIN p 
102 p OCC2 ID:3 p 
::<PP.T p 0305 :x::s:TP p 
::·::i;;·EAD p OBr1A ::•: 1 .•. 1 D I SK p 
·7-E>:: IT 

01B6 
1 OB4 
(1:~:03 

OBD1 

SORT P 
LPUS:ED D 
BUF D 
>~l.1.IRTl P 

0248 
01A1 
0104 
OBD4 

EXIT 

E~iDFRl.oJ p 1116 
:>::FI•OS: p o::::o::: 
>~PDATA p OE:CB 
:x:1 .• JRT2 p OBD7 

LOADER 
! LOAD, SDRTM ------------ LOAD THE LOAD MODULE 
E>rnUG 1.1 MAII1----------- ENTER MAID 

IDl 
>~HS:PCL 
XRB~·'T 

•;::o; G --------------ALWAYS START EXECUTION AT 20;G 
ENTER TEN INTEGEPS AT ? 

S:OF.'TED AR RAV IS: 
1 2 3 

ENTER TEN INTEGERS AT 7 

? I) 

S-TOF· 

4 C' 

·-· 6 7 ·=-·-· 

1'16E:oo EDDS VER 2.6 ---------RETURN TO EDDS WHEN EXECUTION 
IS COMPLETED 

FIGURE E-4. 

LOADING AND EXECUTING THE PROGRAM 

p OE:I1D 
p OBCE 
p OBC::::: 
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The following example defines and explains relative addressing. 

! FOF.'T, ;~nt3, TES TO, TEST 

M6800 RESIDENT FORTRAN 1.2 
COPYRIGHT BY MOTOROLA 1976 

•0000 00001 
•0000 00002 
•0000 I) 0 0 03 '39 0 (I 
•(11)13 0 (I (I 04 
•0019 00005 100 
• 0 0:3'? 00006 
+003D 00007 
•0052 00008 

DEF I NEI1 S\'MBOLS 
A 0000 B 
I< OOOA 

00000 ERRORS 

•0000 00009 
• 0 0 OA 0001 0 
•OOOA 00011 
•0010 00012 200 
+002E 0001:3 
+002F 00014 

IIEFINED SYMBOLS 
ABC 0000 KK 

00000 EPP.ORS 

COMMON A(5),I,B 
DIMENSION KC5),X(3) 

FORMATC5F10.2/5l5) 
DO 1 OOI=1, 5 

AO>=I 
CALL ABC O::K) 
PR I NT 9'3 0 0, A, I< 
END 

0016 ABC 

SUBROUTINE ABC<KK> 
DI MENS I Dti Kl< (5) 

DO 2001=1, 5 
l<K CD =I 

RETUF.'N 
ENI! 

0002 I 

07CF 

oooc 

FIGURE E-5. 

001E I 0014 

The first four digits following the * sign in column 1 indicate the 
relative address at which the statement on that line is compiled. Three 
possible relative addresses exist: Conman SeCTion (CSCT), Data SeCTion (DSCT), 
and the Program SeCTion (PSCT). All variables in COMMON are in CSCT. An 
array in COMMON has ten information bytes in DSCT of wh;ch the first two bytes 
point to the address of the array in CSCT. All other variables and all 
constants are in DSCT. The rest of the program is in PSCT. The following 
table shows the variables and their relative offsets to some setion. 
(Refer to the symbols defined in Figure E-5.) 
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VARIABLE 

A 

B 

x 
I 

K 

OFFSET 

0000 

0016 

OOlE 

0014 

OOOA 

SECTION 

CSCT 

CSCT 

DSCT 

CSCT 

DSCT 

NOTE: K starts at OOOA in DSCT. Bytes 0 through 9 are information 
bytes for A. Variable K also has ten bytes of information 
in OOOA through 0013. Data for array K will be stored, 
starting at 0014. 

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

!RLOAD 

M6800 LINKING LOADER REV 1.1A 
COPYRIGHT BY MOTOROLA 1976 
~cuRP=,$100;LOAD=TESTO;LIB=FOPLB 

7E:O=TESH1; ABSP 
?CURP=,$100;LOAD=TESTO;LIB=FORLB 
?MAPF 

NO UNDEFINED SYMBOLS 
MAP 

S SIZE STP END COMN 
A 0014 0026 003·;. 
B 0000 0000 FFFF 0000 
r 001A 003A 0053 001A 
D 0184 0054 01D7 0000 
P 1600 0200 17FF 0000 

MODULE NAME BSCT DSCT PSCT 
MAIN 0000 0054 
ABC 0000 OOBA 
PUN 0000 OODO 
RXIO 0000 OOF3 

DEFINED S:YMBOLS 
NAME S STR NAME 

RUN P 0424 MAIN 
I02 P ODFA 103 
XPRT P 0402 XSTP 
XREAD P OD12 XWDISK 
?D~IT 

0200 
0300 
0400 
ODOO 

:s S:TF~ 
p 0200 
p 11EC 
p 0400 
p OD0'3 

~~AME 
ABC 
LPUSED 
BUF 
XIJIRTl 

"' . _;. 

p 
D 
D 
p 

FIGURE E-6. 

E-7 

STR tlAME :s: STR t~AME <:· .... 
0300 E~mFRl.tJ p 124E I01 p 

01C3 :x:FDDS: p 0405 XHSPCL p 
012E· i<PDATA p ODO::: }·~RBYT p 
ODOC :~::l.11PT2 p ODOF 

·s:TR 
OD15 
OD06 
l)T)I) 0 



NOTE: CSCT is lA16 bytes long and goes from 3A16 to 5316· Therefore, 
A starts at 3A15, while B is at 3A16+16=5016· DSCT for MAIN 
(which is really TEST) starts at 5416 . The first ten bytes 
are information for A and K starts at 5415+A15=5E16• The 
main program (TEST) starts execution at 0200{ 6 because that 
is where PSCT begins. The statement CALL ABC K) can be 
found at 20015+3715=23715, while the DO statement starts at 
20016+1315=213 16 • The return statement in ABC can be found 
at 30015+2E15=32E16· 
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APPENDIX F 

LINKING FORTRAN AND ASSEMBLY 
LANGUAGE PROGRAMS 

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

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

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

NOTE: To the FORTRAN runtime routines (RXIO and RUN) odd 
addresses in DSCT (data section) and CSCT (common section) 
have a unique meaning. Therefore, you must always have 
an even number of bytes reserved for both DSCT and CSCT, 
or you must load assembly language routines after all 
FORTRAN programs are loaded. 
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EXAMPLE 1 

! FORT, ~:LP:3, EX 10, E~< 1 

:+:0lit10 TH IS l S HN £;>:;AMPLE IJF LI NKHGE 8ETMEEN AN 01;;,113~11 c 
:+:~J~.:.10u M6:3~.:'1121 HSSEM8L'r' LANl.'.:iUHGE PROGRHl'l ANO ftN 1'1681iH~ I- 1JR 'j r::AN :=.out<:•~.f::. 0~j~)~j2 c 
:+:t1~j(10 PROGRAM THE. ASSl::.MBL Y PROGR1·=w1 HI LL ·1 Ht.:t:: l'HE F 1 t-:S I' rl·JU ~.:H.~Hj0,i L 
:t:~.;;n.:.1~.:.1121 ftF~GUMENTS .. fHE 2 CONS'l'flNTS .. HND sroRI::. fHE:M IN !'HE fOLLCHHt·~l.::i ~21~:H::t04 ,-. ... 
*IOl1i::.n.:.1 (11-.:n.:=u;-i::; C ARGUMENTS.. fHC. 2 VHP 1 t18LES, t:: ft NL:• (: 
:+:~lll:.~n.::n..:1 0~.:1~.::U.:.16 C 
:+:00u0 0~001 CALL HSM1~~00,20. 0 .. K.C) 
:+:00~P 000~8 PRlNI 9~00.K,C 

:+:0024 00009 9900 FORMAl('K='• I~.· C=·,f6. 1> 
*00~6 00010 END 

0/'FF ... l··· r· .. 

FIGURE F-1. 

COMPILE FORTRAN PROGRAM 
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EXAMPLE 1 (CONTD) 

! F~AS:M, ~~LP, AS:M 1 D, AS:M 1 

PAGE 01J::L ASM:l. 

tH:.11-_::i~,;1 

~j~J~.)~.:.12 

~.:.1(11JtU: 

t..:.it11 .. :n~4 
0~.::.005 
t..:.'HJ~:::1~.::16 
1,:.'uj ~.:.n.::-i ? 
t1~.10(18 

0~.;.1•309 

i;:KHi.110 
1.:.101;:.1:.1.:1.L:i (1121~30 

~.:J~X.1:.i.2Li ~2HJ(H3 

l1~30:130 ~3~.~H.32 

l-.::n.:.10 :l 4 l:t 0 t2HJ 4 
0~.:.10:1~1[:i ~}~jl)6 

~.::H.:.U.:.1 :J. t.:• 
(1~.:JIJ:i ;.' 
kH:.1~)i:::: 

t100.:20 
~:.:-u2102::L 

~.:HJ~.:.i22P ~J~.:.n.:.nJ BD 
~J@j2.::.P ~.::nJt13: 

~.:.'H.:.1~j24P (1~3~J'.:• 

1;:.:t~~u.::12~.p 0007 
~J~.:.u.:.12t•P ~2nJ09 

titH.:J2 ?r' l-J~.::11.;I:::: 

(11 . .;;11 .. :.12::::f-' (HJ(1l:o FE 
1:::1~.::nJ2'.::'f' ~.:.H21:1.~J 86 
~.:.1(H,:.1_:;.~jt-· ~.:.H.:.11.,;;: 1:::.6 
1.:.H.~u21..::.:.J..1-· ~nJ 14 f E 
0~.:.1(1..::.2i:-· t1~j:1.? ff? 
~.:i ~.::11~.1..s ..::: I-' ~j 121 :19 E r 
~.:.n.:.nJ ..:::.:+ F" ~.:; 1 •• :n E:: r i::: 
0tu.:.1..::.::.p (1~.:.tu:. fl6 
~t'H.:.1..it·P ~.::102121 C.t::. 
01::.H.:.1.::. {',_:.· t1t122 FE. 
121~J1)J;t:F' ~211::.125 ff? 
~J~2nJ39P 0~.32? E'? 
0~304~Jf" ~3029 FE 
(nX14:1.P (H32C A6 
t'HJ04~P 002E E6 
0~31)43-P 01213:0 FE 
~3~Zll:'..144P 003::3: A? 
0~3045P 01213:5 E? 
~ZHJIJ4E.P ~303:?' 39 
~j~J04 ?' 

tHJ~i.12 

0~3~32 

~:::10~32 

00(12 

~~~)0F 

~)0f:l0 

0~3~12 

(1(U34 

0(106 
t2H211.%.~ 

0~J~j~J 

(1121 

~j1 

~.:.n.304 

(10 
1::.11 
~.:.'1002 

~112:1 

~Ji 

~xnJi:_:; 

00 
~3:1. 

(11)02 
02 
03: 
0006 
(12 

03: 

lOTAL ERRORS 00000 

A 
A 
A 
f1 

A 
D 
D 
D 
[:1 

A 
D 
A 
A 
D 
ft 
A 
D 
A 
A 
() 

A 
A 
D 
A 
A 
D 
ft 
A 

* 
* 
* 
* 
* 
* 
1 
Af1 
L 
cc 
* 
* 
* 

t~tiM 

OPT 
;:.:;DE~ 

::<REF 

ASM::L 
REL 
ASl•1:1. 
RUN 

Cit::r: i NE ! t·~ fERNAL ::.'r'f'l!:::OL 
1::.,:.-; l"!:.P.NHL S'T'MBUL · RUN· 

THE FOLL OH HK:i './AR l HBLt::S 1·1u:::; r BE. PU r lt~ r HE 
[lATA SECT I ON.. At-m r•1u:::.1 8E 2 B'r'TE:::. LUt·H.l. t"Hl::.'r' 
NILL HOLD ADDRESS O~ EACH ARGUMENf IN fHE 
CALL MH I CH l·H LL BE SE r UF' AT J ::;i;,: RUN+1':• 

DSCT 
Rl·lt:: 2 
i:;~f'1E: 2 
F.:MB 2 
Rl'18 2. 

STAf.!:T THE PRIJGF:AM SEL: r l ON Ht:.f.':t:: 

p::.cr 
:+: lHIS l::; THE Et·ffP.'-r' POJ.NT FRtJl·l l"H!::. 
* FORTRAN PROGRAM 
ASM:l. JSR RUN+:l.5 

FDB l 
FDl:3 AA 
FOB L 
FDB CC 
FL18 6 
L[..o.:<; 1 
LL:•AA 
LDHB 

:::: l"flfl 
srt1c: 
L[.•;x, 
LOAH 
LC•Ht: 

::;;;Tf!A 
STAB 
LDX 
LOHft 
LC:•AB 
LL:i~< 

STAA 
STAB 
RT:::; 
END 

~.3 .. ;:.:; 
:L ;:-:; 
L 
(1 .• >< 
:1. .. ,:-:; 

HA 

:1. .,• 
.• ,•j 

cc 
~) .. ~< 

:1. .• ;>=; 

HA 

cc 
2 .. ;:< 

FIGURE F-2. 

::::1::. I UP L l t~~'~HGt:. t11' lH ! S 
ADDRE~S IN kUNTlME PHL~H~~ 
TO ADDRESS lN CALL!NG PR0G 
THERE MUST BE AN FDB H~k~ 
FOR EVER¥ ~~GUMENl lN CALL 
Et·m Ll:::·T 1·.!l.1H 2.ER•J. 

ASSEMBLE THE ASSEMBLY LANGUAGE PROGRAM 
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EXAMPLE 1 (CONTD) 

!PLDAD 

M6800 LINKING LOADE~ REV 1.1A 
COPYRIGHT BY MOTOROLA 1976 
?LOAD=EX10~ASM10;LIB=FDRLB 
?E:D=E::.:: 1 M; ABS:P 
?LDAD=EX1D~ASM1D;LIB=FDPLB 
?E:,:: IT 

! LOAD~ E::·:: 1 M 

E>rnUG 1 • 1 MA ID 
+20; G 
~~= :300 C= 20. O 
:S:TDP 
M6800 EDDS VER 2.6 

FIGURE F-3. 

LINK BOTH PROGRAMS AND EXECUTE 
THE LOAD MODULE 
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EXAMPLE 2 

:t:000t.1 t.10001 c 
*0000 00002 C THIS 15 AN EXAMPLE OF LINKING A FORlRAN HN0 HSS~MBLY 
>+=0~3~j0 t.u~1tnJ3. C LANGUAGE PF.:UGF.:AM fO(:iE I HER US l NG VHR l ABLES l N C:0!•1!1UN 
:+:000t1 0tnJ~34 C 
:+:0000 00005 COMMON J(10),K 
:+:0000 00006 CALL ASM2 
:+:000~ 0000? PRINT 9900, l.K 
:+:00:1.8 ~j~..3008 Sl9~~n.3 F OF.:MA f ( 1.01 ~.) 
:+:0023 00009 END 

DEi: l NED S'T'MBOLS 
ASt·l2 121 ?:::>:::: l I< 

FIGURE F-4. 

COMPILE FORTRAN PROGRAM 



EXAMPLE 2 (CONTD) 

PAGE 1211 .. :u HSf'12 

1.:.1t:::1lHH 
0~.:.101::.12 
~)1!_101jj, 

00(104 
1.:.11::.10i.;:r:. 
(1(1~j1::.16 

(Uj(n.:_1(' 

01.~u.:.n.:.t:::: 

~.~n.:.n.:.nj St C ~j 1,::11.:.1 ~.:.1 

01.::i0:u:.11_. I,) (11..:.10 

~11·.:K'l:..L.:lC 001.4 
1::.11-j~:l.21-' (H.:"'.Hj0 

12101::.1:1.J:P 01::.H.)0 4F 
01::.11J:l.4P lj(H.31. 5F 
0li11 .. :.11. ~p ~2101::.12 CE 
~~.:_t~j:lt.P (113(15 5C 
i::.n.:.n.::t:l.?P ~3~~106 C:l 
~j~.:.101.8P ~.3008 2E 
(l(Hj19P t100A Hi'' 
(11::.H32~::'.IF' l::.1~.:.10C E? 
0~211::.12:1.P 01210E (18 

lj(11.!122P 000F '218 
0~102::::f· 01::.111::.1 20 
~Hj024P 0012 Bl 
~jl::.H}2~if' 001.~5 Fi'' 
t!.K'l1212t:.P 001.8 ]:St 
00l12? 

* * TH ls PROGF.:HM usi:::::: (:(tfo'IN(lt·), :;:.t;:(; 11 ON'·· (.S( r ·' 
* MH l CH l•ll LL U'·ll::.i--~LH'T° i HE "C1.:w1l'!ON" VH!-:: I HBLtS 
* IN A CHLL!NG FORTRHN PROGRAM 

i..::101.4 A I 
1211~1~.:."12 H K 

1JH A 
1::.18 (10:12 
~}0 A 
(1i A 

F 3 1 •• :.11-.:.10 ~5 

u.:11JP 

001.4 C t:.1UNE 
130:15 c 

NAf'1 
OF' I 
::<:DEF 
CSC:T 
Rl'18 

F'SCl 
CLRH 
CLRE: 
L[:o;.:; 
INC8 
Cl·lPB 
E:CH 
STAA 
STHB 
IN;>:; 
lN~< 
BRA 
SlAA 
:::;THC: 
RTS 
END 

11:::.i·12 
F~EL 

t1SM2 

2f1 

#1 

#:10 
DONE 

:l.· ;:.:: 

LO(tP 
K 
K+1. 

SAVE l'H~ RELO~AIA~L~ (:00~ 

lN!ERNAL SYMBOL 0~~IN!l1UN 
BE• .. H N (.Ol·11•1CtN ::.t:.1_. I l UN !"!Ef':E 

roTAL ERRORS 00000 

FIGURE F-5. 

ASSEMBLE THE ASSEMBLY LANGUAGE PROGRAM 
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EXAMPLE 2 (CONTD) 

!PLOAD 

M6800 LINKING LOADER REV 1.1A 
COPYRIGHT BY MDTDPDLA 1976 
7LOAD=EX20,ASM20;LIB=FDRLB 
?F:O=E>=:2M; AE:SP 
7L0AD=EX2D·ASM20;LIB=FDRLB 
'''E>~ IT 

E>::BUG 1. 1 MAID 
+;::·o~ G 

1 .-, ,-, 4 C' 
c. ,:;. ,_, 

11 
:STOP 
Mi:::.:::oo EDO:s: VER 2. E. 

6 

FIGURE F-6. 

7 

LINK BOTH PROGRAMS AND EXECUTE 

F-7 
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The following example shows the method used to call a 
FORTRAN subroutine from assembly language. 

EXAMPLE: 

XREF SUBP 

JSR SUBP GO TO SUBROUTINE 

FCB NN 

FOB AAAA ADDRESS OF ARGUMENT 

NN AAAA 

00 Integer constant address 

80 Floating point constant address 

90 Floating point common variable address 

91 Floating point common variable array 

81 Dimensional floating point variable 

11 Integer common variable array 

01 Integer dimensional variable 

00 Integer variable 

80 Floating point variable 

Cl DulTir:ly dimensional floating point variable 

41 Dummy dimensional integer variable 

40 Dumny integer variable 

CO Dummy floating point variable 

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

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

XREF PRNT 
xx RMB 4 

. 
JSR PRNT 
FCB $80 
FOB xx 

~-A 



0000:1 
00002 
00003 
000040 0000 
00005(.\ 0000 0:140 
000060 0(102 0000 
00007P 0000 
00008P 0000 CE 0(126 
00009 
000:1(1 
000:1:1 
000:12 
0(10:13:F' 000::::~ 8[) 0000 
000:1.4P 0006 80 
000:15P 0007 0000 
000:16 
000:17 
0001.8P 0009 DE 26 
000:19P 0008 FF 0000 
00020P 000E DE 2:=: 
00021.P 00:1.0 FF 0002 
00f122P 00:13 BD 0000 
00023P 00:16 80 
00024P 00:17 0000 
00025P 00:19 3:E 
(10026 
TOTAL ERRORS 00000 

SUBROUTINE P ( :,; ) 
PRINT 9, ~< 

9 FCIRl'1AT•~E:16. 8) 
RETURN 
Et·JC• 

A 
A 

A 

A 
A 
D 

A 
D 
A 
D 
A 
A 
[) 

NAM C:F~ 

OPT REL 
:X:REF SQRT,P 
DSCT 

x:~; FDB $:140 FLOATING POINT 4. (1 IN :-..::~-:: 

FDB 0 
PSCT 
L[)::-:: #$26 TEMP ADDRESS OF 4 E:'T'TES 

* FOR SQRT TO RETURN '·/ALUE 

* REQUIRE!) ONLY FOR FUNCTION CALL 

* TEMP CAN BE FIN'T' 4 BYTES, DOES 

* NOT HAVE TO BE $26. 
JSR SQRT 
FCB $8(1 
FC>B >-~~-< 

* VALUE RETUF~NED IN ABS 

* LOC 26-29 .. PUT IT IN >~:::-::. 

L[)X $26 
STX ......... 

.~ .... 
LO>·.: $28 
sn:: ~:7-:+2 

JSR p 
FCB $80 
FDB ~:x 

l•JAI 
END 

FIGURE F-7. 

CALLING FORTRAN SUBPROGRAMS 
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APPENDIX G 

CREATING A LIBRARY ON THE EDOS SYSTEM 

A library is created with the MERGE conunand. Consider how 
programs call one another before merging. For instance, if program A 
calls program B, program A must be merged first. Otherwise, the 
library must be searched twice. See the M6800 Linking Loader manual 
for more details. 

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

!MERGE,MYLIB,FORLB,PORT 

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

CHANGING RUNTIME I/O ADDRESSES 

It is sometimes desirable to execute FORTRAN programs on 
a non-resident system. In order to do this, the EXBUG 1/0 addresses 
must be changed to those of the system where the program will be 
executed. Following is an example of how to change these addresses. 
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00001 
00002 
(·('·-·O::.: 
1)0001! 
i:.c"c:·o~• 

!'ii)'."•06 
(•· -.; )() 7 
i_·· ··1.·1<):::: 
t. ' .-()~ .. ._:. 

1'_ :. '( 11 i) 

1.· •.. "0 l ::::: 
-:.:·1 .. '• 1 '14 
: :•\'1\)1 ~i 

(.d)i :· 1 6 
(:·('-(\17 

1. ··r·~."'.t 1 :~: 
1)\}i .. '41. 1;~· 

C1f) '. ·~:?<.) 

f)t'i:_:i:~~ 1 

( '.·i .. ·~ )2'~) 

.. ·,\, ·1,_ )::::•) 

' :· i :q ., :.:: 1 
()( '\ -.:;::.~ 

1 .-t ·. ) ' . I::~~•'! 

0000 
i)iL <-:7f' 0000 CE ouoo 
,: ... "'' •:38P 000::: r r= oouo 
:::..-·oi. •:.::·:.11~· OCH)r~. c:i::: oouo 
.:-.1 ., 1,11 OF' 0009 Fr· 0001 

•" "04 l P OOOC FF- UUO 1 
LC 1q~p OOOF CE 0000 
• i_· d w::F-' 00 i:;· FF OOU l 
, ..... ._l.'!l!F' 001 '.:.i l_.E 0000 
: ' ·~I/.: "''iF' 001 :=: FF 000 1 

I:""•! l•16F' 001 [: Cl::. 0000 
•. 'i •r)IJ-7F' 00 H: FF 0001 
; ''YY!SP 0021 CE 0000 
,·., ·')t.1·;1p 002:tl FF 0001 
1 ·-''l:SOF' 0027 CE 0000 
;.'o!)~'ilF' 002('1 FF 0001 
: ·.· . .>':Y2F' 002D CE 0000 
':·· "')'.:"'l:;:p oo::::o FF 0001 
I ' 11.)~~i~l F-' 00:.::::::: CE 0000 
'.:".·' );.:;:::_,f· 0036 FF 0001 
~~·'\ .. ')~51:..r=· <)<):3·;1 ::::·;1 
i":H_' '.)!:_:i7 

p 
('1 

{-'1 

('; 

('1 

,-.\. 
(.:1 

(.~ 

?'1 
('1 

1'...i 

(.I 

(' 

0. 
t-1 
1"..': 

?~ 

(-1 

(~ 

,-:; 

* 

NAM 
OPT 
XREF 
XREF 
XREF 
XREF 
XDEF 

'.:::ET (~DD 
REL 
XRBYl,XPDAlA, XWDISK 
XWRT1,XWRT2, XREAD 
xsTP, XPR1, ):Foo:::: 
RUN, x1-1::wcL 
~:Err.mD 

*THESE ADDRESS OFSETS ARE VALID FOR RESIDENT 
* FORTRAN REU:A:'.::E l. 2. 

* * THIS ROUTINE SHOWS HOW TO OVERL~Y THE EXBUG 
* 1/0 ADDRESSES IN THE RUNTJMF PACKAGE WlTH 
* lHE USERS ADDRESSES WHEN THEY DIFFER FROM EXBUG 
* CALL THIS ROUTJNE FROM THE FORlRAN SOURCE 
* PROGRAM BEFORE ANY 1/0 IS DONE IN lHE FORlRAN 
* PROGRAM ns FOLLOWS: 
* CALL SETADD 
* * WHEN THE RUNl HH:: 1:.;·01s1 H~I'.: ()RR I VE:::: 1-'il (';hlY OF THE 
-t:- (\LILIRE:::;::;E::: THE J NDEX REG I f;TEH COhll (I I 1\1:.:: THE 
~~ MEMORY <-mDh:E·~::;.: OF THE Dt; H'1 TU BE H(·~l\lDL.ELI. 

* UN INPUT THE P:DDRES::: I::_:; 1-.lHERE 1 HE [1(.'1 Tri l..J J LL. [:E. 
* ~:nURED. Ul'-I OUTF-'l.JT WHERE THi;;- [l(';Ts'.'1 I:;:; SHJFff.U 
* ACCUMULAlOR A CONTAINS THE CH~RACTER FOR 
* 01.Jl'PUT TO CON8JLE Al F018. IF IT IS A STRING 
-t~ UF [l(.'1Tf'=.\, (~;::;: t,JHEN OOif\!Ci TO F01:'L THI:.'.: ::::TRING EJ·:D::: 
-Ii l·Jl TH 011. 

* * TO WR I lE YUUR Ohll'·~ 1 /U ROl_l'T H.\E:::: cir::::::EHVE THt. 
* FOLLOWING RULES: 
* r·:c:::U!''iUUYU...lh'. ('1 (::h!U [: ::::HOULLI L::E. :3~1;VEJJ. 

* !HE USER SHOULD PROVIDE HIS OWN s·1~CK, SAVJNG 
~;. t;l\![I Ri:::::n Uh: I r·!Ci THE h:Uh!T 1 l'"iF :::T {';Cf:::. 

* SE.I <·'1DD EC!U ~' 
LUX j)·$() 

:::r >: x::.nF· 
LUX ~t$.c) 

:~;·1 1: XF'h:T+1 
::nx X PD(:>;T 1'=';+ 1 
LDX ~1-~·0 

:::nx XFDOS+l. 
LDX :l}$0 
•::·TV 
·-· • i\ XRBYl+l 
LDX :J:l·$1) 

::n >: X H::::PCL + 1 
LDX "!Hf-0 
:::TX XlrJDlSK+l 
LDX :11'$1) 

::::TX Xv.IRll +l 
LDX ~1"$0 

::::T>: XltJRT~+ l 
LDX #$0 
STX X REr.tD+ 1 
RT::: 
END 

FIGURE H-1. 

Ef\lf ffi' 1-~·u 11·n Fr:~OM FORT Rt'.'il\1 

YOUR SlMCK POINTER 
FF:.~:1~-EX L!Ul-1 ::;; T f.':t:::l< PO INTER 
YOUR ~ON8GLE CR/LF ADDkESS 
F02~-CONSOLE CR/LF ADDRESS 
FO:Z Ll /:iCii'H N 
HET ur:;:N TU YOUR uo:::: 
ESU0-1::.DO::: RETURf\l 
YUUR lNPUl CHAR FROM DISK 
E809-INPU1 CHAR FROM DISK 
OUTPUT LINE CR.tu~· TO PRlf\ll 
Er".':D'.:·-L I l\!E, CR/LF, F'HJ NlEI\ 
[!I :~;K UUTF'UT CHAP 
ESOC-DISK OUTPUT CH~R 

er:;: I Lr 
FO:Ll-CR/LF 
PRJNl CONSOLE CHAR 
F018-F'RINT CONSOLE CHAR 
INPUl. CHAR FROM CONSOLE 
CONSOLE INPUT CHAH-F015 

EXAMPLE FOR RESIDENT FORTRAN RELEASE 1.2 

H-2 



OOU•)l 

00003 
OOOU'l 
U(H)i)~i 

00006 
00007 
0000::;: 
0000·::1 
00010 
00011 
0001 ~;, 
0(!!) 1 ::'.: 
0001£! 
0001 ::; 
00011::.. 
00017 
0001:::: 
0001'? 
i)()()2<) 

0002: 1 
000:?2 
0002::.:: 
000:2L! 
r)(H)~~'5 

000~~.b 

0.0027 
0002:::: 
000:29 
ooo::_::o 
000::::1 
000::::2 
00033 
()()()::::n. 

0003~; 

0003(:. 
000::::7 
000:::::::: 
000::.::·~.· 

0004·01\! 
OOOLI 1 
OOO'i:?N 
00043N 
OOO'l IJ.N 
00045N 
000 "I (:.1\1 
000471\1 
000.!lc:N 
00049N 
001)50N 
00051 

0000 

0000 
0002 7E 
0005 7E 
0008 7E 
OOOB 7E 
OOOE 7E 
0011 7E 
001 lJ· 7E 
0017 7E 

0000 A 
0000 A 
0000 A 
0000 A 
0000 A 
0000 A 
0000 A 
0000 A 
0000 A 

* 

NPd"l 
OPT 

!:::ET ADD 
REL 

* T HE~:E (:\DDRE~=.:s OF !:::En=: ARE V(-)L I lJ FOR RE::::: Inc:: I\! T 
* FORTRAI\! RELE(.',:=;:;E!::: (';FTER 1. :2. 

* * THIS ROUTlNF SHOWS HOW TO OVERLAY THE EXBUG 
* 1.10 ADORE:'.=SE:::: It·~ THE RUl\!T J t1E F'r'rr:IU'iGE ~JI TH 
* THE USERS ADDRESSE:3 ~·JHEI'~ THEY DIFFER FROM E>:l:::.JC; 
* f'.."-L I /0 (-)[l[lRE!;::~;E:::; H(WE BEEl'J PUT IN 1~\ l\lr.,MFD 
* COMMON p,REf'l TO PRESERVE RAM/ROM D l CHOTO!"IY e.NU 
* STILL ALLOW THE USER TO MODIFY THE ADDRFSS~S. 
* PREPARE A lABLE AS THIS EXAMPLE SHOWS TO 
1~ CHP:NGE THEM TO YOUR 01-.11\!. 
* NOTE**** IT IS IMPORTANT THIS ASSEMBLY PROGR~M 
* BE LOADED AFTER THE FORTRAN LIBRnRY IS LOADEU 
-i::- ~:O THE!'.::E (~[IDRE!::;!;E:::: l1JI LL OY'E.RLAY THE f~1DDh:E'.::SE~:; 

* LOf:l:DED FROM THE LI BR0.RY OUT OF ROUT J l\IE ·· RUI\! .... 

-t<- WHEN THE RUl\lT J ME ROUTH~E ('1RRIVF:~;; (~T ('1NY OF TH::: 
* f-irtDRES~:ES THE INDEX REG J :?:TEH COl\ll f1 IN~::: THE 
* MEMORY ADDRESS OF THE DATA TO BE HANDLED. 
* ON INPUT THE ADDRESS IS WHERE THE DATA WILL G~ 
~;. :::TORED. 01\l OUTPUT l,JHERE THE DA H'r IS !:::TORED 
* ACCUMULATOR A CONTAINS THE CHARnClER FOR 
* UUTF'Ul TO COl\l!~:OLE fH FO 1 :~:. 1 F IT I:::;: r'-': ::::TR J NG 
* OF DATA, AS WHEN GOING TO F02~. THE S'fRlNG END~ 
* WITH Ql!. 

* * TO WRITE YOUR OWN 1/0 ROUTINES OBSERVE THE 
* FOLLOWING RULES: 
* ACCUMULATOR A AND B SH~JLO BE SAVED. 
·Ii- THE r.1:::ER SHOULD PHO\/ I DE HI:::; OWN STACf:~, S(!V J MU 
* AND RESTORING THE RUNTIME STACK. 
* TO USE THIS TABLE YOU SIMPLY REPLACE 
-i;. EACH $0 ~JI TH YOUR I /Cl P1DDRESS. FOR I N::::li"1h!CF1 r U 
* CHANGE PRINT CONSOLE CHAR, FOl81 TO ADDRESS 
* 3FFF CHANGE THE SO AT XWRT2 TO $3FFF. 

* ADDH COl'1M PSCT ADDR J .:;;• ·-· NAME OF COMMON 

* AND MUST BE CALL .. FD P1DDR 
XSTF' FDB $() FF8P:-EXBIJG ~:::TACK F'Oil\lTEH 

XRBYT .JMF' $0 E809-INF'UT CHr-.R FROM DI ::::c 
X F' Dt.: T f'.\ ._IMP $0 F024-CONS:OLE CRILF 0.DDRF"::·:: 

XHSF'CL .JMF' $0 EAD5-Lil\IE,CR/l..F 10 PRil'·HE'c: 
XWDISK .JMF' $0 E80C-DIS:C OUTPUT CHAR. 
XWRT1 .JMF' $0 F02:1-CR/LF 
XWRT2'. .JMF' $0 F018-F'RINT CON!::;JJL E CHAR 
XREAD ,JMP $0 FO 1 ~i-COl\JS:OLE INPUT CHt-:R 
XFDO::;; .JMP $() EBOO-EDO::: RETURN 

END 

FIGURE H-2. 
EXAMPLE FOR RESIDENT FORTRAN AFTER RELEASE 1.2 



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

.ADDR 

XREF BUF BUFFER IN RXIO 

COMM PSCT .ADDR MUST BE USED 

JMP $0 CONSOLE INPUT 

JMP $0 CONSOLE OUTPUT 

JMP so LINE PRINTER 

JMP so DISK INPUT 

JMP $0 DISK OUTPUT 

JMP $0 REWIND FILE 

JMP $0 RETURN TO MOOS 

JMP $0 ERROR ROUTINE 

mo 

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

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