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Chapter 1
Overview

1.1. The Green Hills Fortran Documentation Set

The Green Hills Fortran standard compiler documentation set includes a User’s Manual and Language
Reference Manual. Additional documentation on product installation and execution are provided
separately. You may also need to refer to separate documentation describing the architecture, assembler
and linker for your target system.

1.2. Documentation Conventions

The following conventions are used throughout the Green Hills Fortran document set:

Q Square brackets ([]) are used to indicate optional parameters in a syntax definition.

a Ellipses (...) are used to indicate that the items preceding may be repeated one or more times.

o Uppercase words and letters in a syntax definition indicate that the letter or keyword should be entered
exactly as shown. :

o Lowercase and/or italicized words and letters in a syntax definition indicate substitution parameters,
and are place holders for user-supplied values.

1.3. Language Reference Manual Structure

The Language Reference Manual describes language constructs, syntax and general programming
guidelines. Language features and extensions supported by the compiler are discussed, along with any
restrictions and compatibility with other Fortran compilers. The Language Reference Manual is intended
as a support document and is not a language tutorial.

Overview

The Overview describes the structure of the documentation for the compiler.

Fortran Language Introduction

The Introduction describes the Fortran language, history, currently defined standards, and validation
criteria.

Fortran Syntax

The Syntax section describes the Fortran character set, basic structure of the language, and programming
guidelines.

Data Types, Constants, and Variables

This section describes the Fortran data types, constants and variables.



Operators and Expressions

Fortran language expressions and operators are discussed in this section, including operator precedence
tables and expression syntax.

Fortran Program Structure

The Program Structure section specifies the language structure, statement ordering rules and subprogram
definition.

Input/Output

This section covers Fortran I/O system in general, as well as the related topics of records, files, I/O units
and data transfer.

Fortran Language Statements

Language statements are presented in alphabetical order within one or more statement category.

Functions and Subprograms

This section covers all subroutine or function calls available to the Fortran programmer as part of the Green
Hills Fortran compiler package.

Tables and References

These sections include various tables and reference materials useful to the Fortran language programmer.



Chapter 2
FORTRAN Language Introduction

FORTRAN is the oldest and most proven high-level computer programming language in existence today.
The origins of FORTRAN date back to the mid 1950’s. Up to that time, most programs were written in
complicated machine languages that required considerable coding and debugging time. FORTRAN, the
first high level language, was designed to reduce the communications gap between people and computers
using a language structure that people could read and understand easily. A FORTRAN compiler is a
program that translates the written FORTRAN programs into the specific machine language that a
computer can read.

FORTRAN was developed primarily to solve problems that involve the manipulation of numerical data.
The language syntax was designed to accommodate standard algebraic notation. Using FORTRAN,
programmers can employ the computer to translate existing mathematical formulas for processing. The
name FORTRAN was derived from this principle of FORmula TRANslation.

Through the late 1950’s and early 1960’s, FORTRAN evolved as the primary scientific programming
language. In 1966, the American National Standards Institute (ANSI) approved the first FORTRAN
language standard providing a new level of FORTRAN program portability. Programs written in ANSI
standard FORTRAN-66 could be run on a variety of different computers with little or no program
modification.

Through the late 1960’s and early 1970’s, computers became more sophisticated and the demands on
software became more complicated. FORTRAN applications expanded to include more general program
tasks such as sophisticated input/output, text manipulation, and structured programming facilities. In
1978, the American National Standards Institute gave final approval to an extended FORTRAN standard
that came to be known as FORTRAN-77. Today, FORTRAN is still the most widely used programming
language among mathematicians, scientists, and engineers.

2.1. FORTRAN Standards

FORTRAN implements the ANSI FORTRAN-77 (Full Language) Standard, ANSI X3.9-1978 and the
Military Standard FORTRAN, as described in the document “FORTRAN, DOD Supplement to American
National Standard X3.9-1978, MIL-STD-1753". 1t is also compatible with the Berkeley 4.3BSD 77
compiler and the VAX/VMS FORTRAN V4.6 compiler.

2.2, Validation

FORTRAN is tested by running the FORTRAN Compiler Validation System Version 2.0 (1978) from the
U.S. Office of Software Development and the U.S. Department of Commerce, National Technical
Information Service.
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2.3. Form of Presentation

This manual defines the form and interpretation of language elements specific to FORTRAN. It does not
attempt to teach general programming concepts. Familiarity with a beginning programming language,
such as BASIC, is ample background for taking on FORTRAN using this manual.

Each of the following chapters covers one general category of language concepts, such as data types,
expressions, program structure, specification statements, control statements, or intrinsic functions.
Concepts, such as variables and procedures, are defined specifically in terms of the FORTRAN language.
Explanations are elementary in nature, but concise to accommodate more experienced programmers. This
manual may be used to learn the FORTRAN programming language, or it may be used as a FORTRAN
reference manual.
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Chapter 3
FORTRAN Syntax

A computer programming language, like a natural human language, is based on rules of syntax. Syntax
is the predefined order or arrangement of language elements that produces meaning.

This manual uses the following typographical conventions within examples to highlight various entities
that constitute the language’s syntactic structure.

0 Words in UPPERCASE LETTERS indicate language keywords.

0 Words in lowercase letters indicate syntactic items, such as “symbolic-name” or “number”, and literal
names within examples, such as the variable names “varl” and “var2”.

o Items enclosed in square brackets [ ] are optional.

0 A horizontal ellipsis ... indicates that you can repeat the preceding optional item any number of times.
A vertical ellipsis indicates an ambiguous continuation of the preceding items.

3.1. The Character Set

The fundamental element of any programming language is the character. FORTRAN uses the standard
ASCII character set, which consists of uppercase and lowercase letters (A through Z), digits (0 to 9), and
a group of special characters that have a specific interpretation in FORTRAN. You can collectively refer
to letters and digits as alphanumeric characters.

There are 20 special characters in FORTRAN as shown in the table below.
FORTRAN Special Characters

Character Name Character Name

’ apostrophe = equals sign

* asterisk ( left parenthesis
blank - minus sign
colon % percent sign

s comma + plus sign

. decimal point ) right parenthesis

$ dollar sign / slash

& ampersand _ underscore

“ quotation mark ! exclamation mark

< left angle bracket > right angle bracket

FORTRAN also recognizes the ASCII control characters that signify carriage returns, tabs, new line feeds,
and form feeds.

All characters conform to a collating order. The collating order defines a hierarchy among the characters
for the purpose of sorting character strings. FORTRAN can compare two character strings a character at
a time according to the ASCII collating sequence. Under ASCII conventions, all characters correspond
to numeric values that determine the hierarchy. Please refer to the “ASCII and Hexadecimal Conversion
Table” for a listing of the collating sequence.
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3.2. Symbolic Names and Keywords

FORTRAN identifiers include symbolic names and keywords. A symbolic name is a sequence of
alphanumeric characters. The dollar sign and underscore characters are valid in a symbolic name.
However, the first character in a symbolic name must be a letter (A through Z or a through z). Symbolic
names identify program entities, such as constants, variables, arrays, and program units.

A keyword is a sequence of letters that identifies a particular statement or serves as a separator within a
statement. For example, COMMON, IMPLICIT, DATA, IF, and THEN are FORTRAN keywords that
have a specific purpose in the appropriate statement. Note that certain keywords satisfy the description
of a symbolic name. Keywords have a specific purpose only if used within the specific context defined
in FORTRAN.

3.2.1. Scope of Symbolic Names

Symbolic names vary in scope, depending upon what a given symbolic name identifies. Different program
entities can be divided into two classes pertaining to scope: global and local.

A global entity has a scope that covers the entire executable program. A symbolic name that identifies a
global entity cannot identify a second global entity in the same executable program.

A local entity has a scope that covers a single program unit. A symbolic name that identifies a local entity
cannot identify a second local entity in the same program unit. A symbolic name that identifies a global
entity in a program unit cannot identify a local entity within the same program unit, except for common
block and external function names.

The following program entities are classified as global to a FORTRAN executable program:

block data subprogram
common block
external function

main program
subroutine

0O00O0O

The following program entities are classified as local to a single FORTRAN program unit:

array

constant

dummy procedure
statement function
variable

000O0QD

There are two local program entities that have a scope somewhat smaller than a program unit: a dummy
argument for a statement function statement and an implied DO variable in a DATA statement.

A symbolic name that identifies a dummy argument for a statement function statement has a scope of that
statement. See the “Statement Functions” section in the FORTRAN Program Structure chapter for more
information.

A symbolic name that identifies the DO variable for an implied DO in a DATA statement has a scope of
the implied DO list. See the “DATA Statement” chapter for more information.
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3.3. Statements and Lines

All FORTRAN syntactical items, such as keywords, symbolic names, statement labels, constants,
operators, and special characters form FORTRAN statements. The statements you write using the
FORTRAN language are translated into computer instructions. Statements are classified as executable or
nonexecutable.

An executable statement is any statement that specifies some processing action, such as the PRINT or
CONTINUE statement. Executable statements execute sequentially in the order that they are placed in a
program unit. Execution of an executable program begins with the first statement in the main program.
Control statements, such as GOTO and CALL, transfer the execution sequence to a different point in the
program. Statements that transfer the execution sequence are considered executable statements.

Nonexecutable statements define and classify program units, specify entry points in subprograms, specify
editing information, and specify initial values and execution characteristics for data.

Each FORTRAN statement is written on one or more program lines. A program line is a sequence of
character positions. You can refer to character positions as columns. The columns are numbered
consecutively beginning with 1, and proceeding from left to right. There are three kinds of program lines
in FORTRAN: initial lines, continuation lines, and comment lines. Each type serves a different purpose
within a program.

There are two ways to format a program line in FORTRAN: the free-field format and the column-based
format. This section describes both formats in detail.

3.4. Free-field Line Format

The free-field format is indicated by the use of a tab character before column 72 of the initial line of a
statement. If the initial line of a statement is in free-field format then all continuation lines will also be in
free-field format. To indicate that a continuation line and all subsequent continuations lines are in the free-
field format, use an ampersand, &, in column 1 to indicate that the line is a continuation of the previous
line.

The free-field format enables you to enter program lines at a standard CRT type terminal without regard
to specific column-oriented line fields. In free-field format, the length of a program line is unlimited.
However, if your terminal has a width of 80 character positions, you might want to limit your lines to 80
characters to prevent the lines from running off the screen and out of view. On an 80 character terminal,
you can use the entire 80 columns as an initial line for statement text with or without a statement label. The
initial line is the first line used to hold a statement. If the statement requires more than the 80 columns in
the initial line, you can place the remainder of the statement in continuation lines.

Example:

10<tab>FORMAT (' This long statement contains a tab so it is in free-field format’)
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3.5. Column-based Program Format

The column-based format originated in the early days of FORTRAN when programs were stored on punch
cards. Program lines consist of precisely defined fields. Each field can only contain a specific kind of
information. Support of the column-based format enables the FORTRAN compiler to process FORTRAN
programs written before the free-field format was available. Many experienced FORTRAN programmers
still prefer the structure and organization column-based formatting lends to a program. FORTRAN
interprets a line in column based format unless it contains a tab character in columns 1 through 72, or an
ampersand character, &, in column 1 of a continuation line.

3.5.1. Program Line Fields

In the column-based format, the 80 columns in a program line are divided into four fields. Each field is
reserved for a specific kind of information.

Columns 1 through 5 are reserved for the statement label. You can use statement labels to identify and
reference specific statements in a program.

Column 6 is reserved for a continuation mark. The continuation mark indicates that the line is a
continuation of the preceding line.

Columns 7 through 72 are reserved for the actual statement text. This can be extended to columns 7 through
132 by using the OPTIONS/EXTEND_SOURCE statement, or by selecting the equivalent command line
option. Please refer to your system-specific User’s Guide for details on command line options and defaults.

Columns 73 through 80 can contain identifying information or notations. The compiler ignores all
characters in this field. In the days of punch card storage, columns 73 through 80 contained a sequence
number used to identify the position of an individual punch card within a stack of cards. The following
example shows a line in column-based format. Columns 1 through 5 of the first line contain a line number,
10000. Column 6, the continuation column, contains a blank, indicating the initial line of a statement.
Columns 7 through 72 contain the initial line of a FORMAT statement. Columns 73 through 80 contain
a card sequence number which is ignored by FORTRAN.

Example:

10000 FORMAT (' This line contains no tab, it is in column-based format’) 01234567

3.5.2. Initial and Continuation Lines

A statement can span several program lines. The initial line is the first line used to hold a statement. If
a statement exceeds column 72 of the initial line, you can place the remainder of the statement in
continuation lines. Standard FORTRAN allows a maximum of 19 continuation lines per statement, for a
total of 1320 character positions. This limitation is not enforced by the compiler, therefore any number
of continuation lines are accepted, up to a total of 10,000 character positions.

You must distinguish continuation lines from initial lines in a program. Any character in column 6 except
a blank or the digit O serves as a continuation mark, indicating that the line is a continuation line.

An alternative free-format continuation line is indicated by placing a <TAB> character in column one,
followed by a number from ‘1’ through ‘9.
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3.6. Comment Lines

Comment lines provide a method of program notation or documentation. Even high level language
programs can appear somewhat confusing and ambiguous when you try to read them. The comment line
enables you to place notes and explanations within a program to help other programmer’s understand your
programming intentions and to help you remember at a later date what the program does.

Youmustdistinguish comment lines from the other kinds of lines in a program. Ifthe letter C, an asterisk(*)
orpound-sign (#) appears in column 1, Columns 2 through 80 may contain any characters inthe FORTRAN
character set including all blanks. Comment lines can appear anywhere within a program unit and do not
affect the executable program in any manner.

In addition, an exclamation point (!) may be used in any column to signal that the characters following the
exclamation point up through the end-of-line are comments. Therefore, an exclamation point in column
one is functionally equivalent to an asterisk (*), pound-sign (#), or C in the same position.

Example:
c Standard FORTRAN comment lines
*
AA =A+B ! Compute AA as sum of A and B

C = ‘Hi there!’

! The INTEGER statement above includes a trailing comment line
! However, the exclamation point in the string ‘Hi there!’ is
! within a quoted string and not interpreted as a comment delimiter

3.7. Debugging Statements

A debugging statement may be distinguished from standard FORTRAN source code by placing one of the
following letters in column one; D, d, X or x. Debugging statements are compiled as ordinary statements
when the -X82 option is specified at compile time. The default operation (-Z82) is to treat debugging
statements as comment lines.

All debugging statements must be preceded by either ‘D’ or ‘X’ in column one, either upper or lowercase,
and may include labels and continuation lines, as shown in the example below.

Example:

C The following code is only compiled when -X82 is used
C

D DO 10 I=1,10

X J = (I**2) + (D / 4)

D10 CONTINUE
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3.8. Statement Labels

You can use statement labels to identify and reference individual statements in a program. You can label
any statement, but only labeled executable statements can be referenced with the statement label. For
example, the GOTO statement transfers execution to an executable statement identified with a statement
label. The GOTO statement requires the statement label as a parameter for reference.

A statement label is a sequence of one to five digits. At least one of the digits must be nonzero. You can
place statement labels anywhere in columns 1 through 5 of the statement’s initial line. Continuation lines
cannot contain the statement label.

Statement labels have the scope of a program unit. Every statement label in a program unit must be unique.
Blank characters and leading zeros are insignificant for distinguishing different statement labels. For
example, the label “777” is equivalent to “00777.”

3.9. Statement Order

Different configurations and groupings of statements form program units. However, there are certain rules
that apply to the order of statements and comments within a program unit.

o Comment lines can appear anywhere before the END statement.

o The PROGRAM statement can appear only as the first statement of a main program. The FUNCTION,
SUBROUTINE, and BLOCK DATA statements can appear only as the first statement in a subprogram.

o FORMAT and ENTRY statements can appear anywhere before the END statement.

o PARAMETER statements can appear anywhere before DATA statements, statement function state-
ments, and executable statements.

o IMPLICIT statements must appear before all other specification statements except PARAMETER
statements and FORMAT statements.

a  All other specification statements (COMMON, DIMENSION, EQUIVALENCE, EXTERNAL,

INTRINSIC, SAVE) must appear before any DATA statements.

DATA statements can appear anywhere following the specification statements.

All statement function statements must appear before any executable statements.

All executable statements must appear before the END statement.

The END statement must be the last statement in a program unit.

00 OoOo

The table below summarizes the rules for ordering statements in a FORTRAN program unit. The
horizontal lines separate the kinds of statement that you cannot mix in a program unit. The vertical lines
delineate the kinds of statement that you can mix.
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PROGRAM, FUNCTION, SUBROUTINE,
or BLOCK DATA Statement
Implicit
Parameter Statements
Statements Other
Comment FORMAT Specification
Lines and Statements
ENTRY Statement
Statements DATA Function
Statements Statements
Executable
Statements
End Statement

F77 Compatibility Notes:

When VMS compatibility mode is used, DATA statements may be used anywhere within a program unit.
Standard FORTRAN (F77 compatibility mode) requires that all DATA statements appear before the first
executable statement.

3.10. Compilation Control

3.10.1. INCLUDE Directive

INCLUDE is a compiler directive that causes the contents of the specified INCLUDE file to be interpreted
as if they were actually part of the program body.

Syntax: INCLUDE ’file-spec’

where file-spec is the name of the file to be included, delimited by single quotes. No default filename
extension is assumed.

The INCLUDE file must not start with a continuation line, but may itself contain other INCLUDE
statements. The total number of nested INCLUDE:s is operating system dependent, generally 16 for most
UNIX systems.

The -1 string compile time option allows the user to specify a default directory location to be searched for
INCLUDE files. Please refer to the “Compile Time Options” chapter of your FORTRAN User’s Manual
for details on this compiler option.
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Example:

FILEA.F:

COMMON /PCOM/I (10),J(10)
PROG.F:

INCLUDE ’'FILEA.F’

DO 10 inum = 1,10

j = i(inum) + 1
10 CONTINUE

END

Compiling PROG.F results in the compiled statements:
COMMON /PCOM/I (10),J(10)
DO 10 inum = 1,10
j = i(inum) + 1
10 CONTINUE
END

F77 Compatibility Notes:

The INCLUDE directive is not available in F77 compatibility mode. Please refer to your User’s Guide for
details on compiler options and default modes.

3.10.2 OPTIONS Statement

The OPTIONS statement may be used to override a subset of FORTRAN command line options in effect
for a given program unit.

Syntax: OPTIONS option [,option]

where option is a valid OPTIONS string. One or more option values may be specified on the OPTIONS
line, separated by commas.

The following table lists the valid option values, along with their command line equivalents.
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OPTIONS Cmd-Line Summary

String Equivalent Description
/CHECK=ALL none Overflow, underflow, bounds checking
/CHECK=NONE default No run-time checks performed
/CHECK=OVERFLOW n/a Ignored
/CHECK=NOOVERFLOW n/a Ignored
/CHECK=UNDERFLOW n/a Ignored
/CHECK=NOUNDERFLOW n/a Ignored
/CHECK=BOUNDS -C Check array bounds
/CHECK=NOBOUNDS none Do not check array bounds
/G_FLOATING n/a Ignored
/NOG_FLOATING n/a Ignored
/14 none Default operation (INTEGER*4 and LOGICAL*4)
/NOI4 -i2 Use INTEGER*2 and LOGICAL*2 as defaults
[F77 none Default operation (normal DO loop operation)
/NOF77 -onetrip One iteration DO loops
/NOCHECK none Ignored
/EXTEND_SOURCE -X161 Use columns 1 through 132
/NOEXTEND_SOURCE -Z161 Use only columns 1 through 72

Any other qualifiers will generate an error at compilation time.

Only one OPTIONS statement is allowed per program unit, and must precede every other statement in the
program unit, including PROGRAM, SUBROUTINE, FUNCTION, and BLOCK DATA statements. The
OPTIONS qualifiers override (or confirm) qualifiers specified on the FORTRAN command line.
However, they remain in effect only to the end of the program unit which they begin, so an OPTIONS
statement is needed at the beginning of every program unit in which you wish to override the command
line or default qualifiers.

Example:

The statement

OPTIONS /CHECK=BOUNDS

will cause address references for arrays to be checked.
F77 Compatibility Notes:

Please note that the /F77 and /NOF77 OPTIONS specifiers do not affect compatibility mode. Rather, they
affect only DO loop operations. Compatibility mode must be selected at compile-time by specifying the
appropriate command line option, or taking the default operation. Please refer to your system-specific
User’s Guide for details on compile time options and default modes.
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Chapter 4
Data Types

All computer programs, regardless of their degree of complexity, create, manipulate, or modify pieces of
information that pertain to a given problem or task. The different values related to a problem or computing
task are collectively referred to as data.

Data can consist of numeric values such as the circumference of the earth measured in kilometers or a
worker’s gross salary. A numeric value is represented by a series of digits. Data can also consist of textual
information such as a client’s name and address or abbreviations for chemical compounds in an equation.
Text data is represented by strings of characters. You can use any character in the FORTRAN character
set as textual data.

All data in a FORTRAN program falls into one of the following categories.

0 integer

real

double precision
complex

logical
character

0O000O0O

FORTRAN supports the use of Hollerith data. Hollerith data provided a text processing capability for
earlier versions of the FORTRAN language and is considered an extension to the FORTRAN-77 standard.
It is provided primarily for compatibility with older FORTRAN standards.

4.1. The Implicit Data Type Convention

Programmers frequently use a symbolic name in a program to identify a particular datum or data structure.
Symbolic names used in this manner serve a dual purpose. First, the name identifies the datum or data
structure within a program unit. Second, the name identifies a specific data type.

You can specify the data type for a symbolic name explicitly using the type statements. Refer to the
“Specification Statements” chapter for more information. In the absence of an explicit data type
specification, the first letter of the symbolic name determines the data type implicitly. Symbolic names
default to either the integer or real data type.

If a symbolic name has the letter I, J, K, L, M, or N as a first letter, the symbolic name has an implicit integer
data type. Any other letter of the alphabet implies a real data type. For example, the following symbolic
names default to the integer data type in the absence of an explicit type specification: list, increment,
multiple, kilo.

The following symbolic names default to the real data type in the absence of an explicit type specification:
alpha, delta, total, variation.

You can use the IMPLICIT statement to change the implicit data type convention. Refer to the “IMPLICIT
Statement” section for more information. An explicit data type specification using a type statement
supercedes the implicit data type convention.
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The IMPLICIT NONE statement can be used to override all implicit defaults, forcing all symbolic names
to be declared explicitly. Refer to the “IMPLICIT NONE Statement” section for more information.
4.2. “*n” Data Type Size Qualifiers

When a symbol data type declaration is made, the type and/or name may include a data type length
specifier. This size qualifier overrides any length which would otherwise be implied by the statement.

Syntax: type[*n] symbol[*n] [,symbol[*n]...]

where type is any valid FORTRAN data type keyword and n specifies the data type length, preceded by
an asterisk (*).

Example:
C A, B and D are INTEGER*4
C C and E are INTEGER*2
C
INTEGER*4 A(5), B, C*2, D, E*2(5)
C
C REAL X*8, Y*16, zZ*4

F77 Compatibility Notes:

The “*n” data type size qualifiers are not supported in F77 compatibility mode. Please refer to your User’s
Guide for details on compiler options and default modes.

4.3. Initialization in Type Declaration Statements

Variables and arrays may be initialized within a single type declaration statement, omitting the need for
a separate DATA statement.

Syntax: type symbol/value/ [[,]symbol/value/]...

where type is a valid type declarator, symbol is a variable or array name, and value consist<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>