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Preface

Ménual Objectives

The primary objective of this document is to present a complete description of the elements
of DIGITAL’s VAX FORTRAN language and to explain how to create, compile, link,
execute, and debug FORTRAN programs on the VAX/VMS operating system.

This manual is designed to serve as a reference document, not as a tutorial document.

Detailed information about how to optimize VAX FORTRAN programs and how to access
VAX/VMS system services is provided, for advanced programmers, in the VAX FORTRAN
User’s Guide.

intended Audience

This manual is intended for programmers and students who have a basic understanding of
the FORTRAN language. It is not necessary for the reader to have a detailed understanding
of the VAX/VMS operating system, but some familiarity with VAX/VMS is helpful. For
detailed information concerning VAX/VMS, refer to the documents listed under the head-
ing “‘Associated Documents.”

Structure of This Document

To promote ease of reference, this manual is divided into four major segments:
¢ Section I — Chapters 1 through 4

Provides general information about how to use the VAX/VMS system; how to create a
source file; and how to compile, link, and run a program in a source file.

e Section II — Chapters 5 through 13
Provides a complete specification of the VAX FORTRAN language.
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¢ Section III — Chapters 14 through 18

Provides application-oriented information about several important VAX FORTRAN
extensions to standard FORTRAN (that is, structures and records, indexed files, and
character data) and provides information on the VAX/VMS Symbolic Debugger and
on error handling.

Section IV — Appendixes A through E

Contains information on some additional statements and language features that pro-
vide compatible support for programs written in older versions of FORTRAN; summa-
rizes the character sets supported by VAX FORTRAN; describes how VAX
FORTRAN data is represented in memory; summarizes the language elements and
intrinsic functions supported by VAX FORTRAN; and lists compilation and run-time
messages.

Associated Documents

The following documents may be of interest:

For

Introduction to VAX/VMS

VAX FORTRAN User’s Guide

Guide to Using DCL and Command Procedures on VAX/VMS
VAX/VMS Run-Time Library Routines Reference Manual
VAX/VMS Symbolic Debugger Reference Manual

VAX/VMS Linker Reference Manual

a complete list of all VAX documents, including brief descriptions of each, see the

VAX/VMS Master Index.

Conventions Used in This Document

The following syntactic conventions are used in this manual:

Uppercase words and letters used in examples indicate that you should type the word
or letter as shown.

Lowercase words and letters used in syntax specifications indicate that you are to
substitute a word or value of your choice.

Brackets ([ 1) indicate optional elements.
Braces ({}) are used to enclose lists from which one element is to be chosen.

Ellipses (...) indicate that the preceding item(s) can be repeated one or more times.

XX



e “Real” (lowercase) is used to refer to the REAL*4 (REAL), REAL*8, and REAL*16
data types as a group; likewise, “‘complex” (lowercase) is used to refer to the
COMPLEX#*8 (COMPLEX) and COMPLEX*16 (DOUBLE COMPLEX) data types
as a group; ‘“‘logical” (lowercase) is used to refer to the LOGICAL#*2 and LOGICAL+*4
data types as a group; and ‘‘integer”’ (lowercase) is used to refer to the INTEGER#*2
and INTEGER=*4 data types as a group.

* VAX FORTRAN extensions to the FORTRAN-77 standard are printed in blue.
In addition, the following notations are used to denote special nonprinting characters:
Tab character <TAB>

Space character A

xxi






Chapter 1
Using the VAX/VMS Operating System

The VAX/VMS operating system and the Digital Command Language (DCL) provide
numerous tools and utilities for program development. This chapter summarizes what you
need to know to use a VAX/VMS system. The following topics are discussed in this chap-

ter:
e How to create and execute a FORTRAN program—an overview
® How to access a VAX/VMS system
e How to enter DCL commands
¢ How to get help from VAX/VMS
¢ How to handle files
® How to use command procedures

Whenever possible, the system information presented in this chapter is oriented toward
FORTRAN. A tutorial presentation of the system-specific information is provided in the
Introduction to VAX/VMS. The Guide to Using DCL and Command Procedures on
VAX/VMS gives detailed definitions of commands and file specifications.

1.1 VAX/VMS Commands for Program
Development—OVERVIEW

Figure 1-1 illustrates the development of a FORTRAN program from its inception to its
execution.
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COMMANDS INPUT/OUTPUT FILES

$ EDIT AVERAGE.FOR
Use the file type of FOR to

indicate the file contains a Create a AVERAGE.FOR
VAX FORTRAN source program
program.

$ FORTRAN AVERAGE
The FORTRAN command
assumes the file type of an
input file is FOR. Compile the

source program
(If you use the /LIST 7
qualifier, the compiler |
creates a listing file.)
$ LINK AVERAGE
The LINK command assumes ;
—_—

AVERAGE.OBJ
(AVERAGE.LIS)

libraries

the file type of an input file Link the
is OBJ. i
object module

AVERAGE.EXE
{(AVERAGE.MAP)

(If you use the /MAP qualifier,
the linker creates a map file.)

$ RUN AVERAGE Run th
The RUN command assumes un the
the file type of an image is exgcutable
EXE. image

ZK-791-82

Figure 1-1: Program Development Process

1.1.1 Gommands
The steps shown in Figure 1-1 are performed when you enter the following commands to the
VAX system:

$ EDIT file-spec

% FORTRAN file-srec
$ LINK file-spec

$ RUN file-srec

(Note: File-spec is the file specification of the file to be processed.)

The EDIT command and the EDT editor are described in detail in Chapter 2, the
FORTRAN command is described in Section 3.2, and the LINK and RUN commands are
described in Sections 4.1 and 4.2, respectively.
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Qualifiers can be included with each command to define further system actions or to
modify the processing performed by the system.

1.1.2 Gommand Qualifiers

Qualifiers specify special actions to be performed. They can be used on the OPTIONS
statement and on FORTRAN, LINK, and RUN commands. Qualifiers have the following
form:

/qualifier

Many qualifiers have a corresponding negative form, /NOqualifier, which negates the spec-
ified action. For example, the /LIST qualifier specifies that the compiler is to produce a
listing file. The /NOLIST qualifier specifies that the compiler is not to produce a listing
file. .

Some qualifiers accept values, allowing you to activate or deactivate a particular form of
processing. To specify a qualifier value, type the qualifier name followed by an equal sign
(=) and the value. For example:

/CHECK=BOUNDS

To specify a list of qualifier values, enclose the values in parentheses. For example:
/CHECK = (BOUNDS yOVERFLOW)
Defaults have been established for each qualifier, based on the actions that are appropriate

in most cases. Sections 3.2.3 and 4.1.2, which describe the qualifiers for each command,
contain tables indicating the defaults.

You can specify qualifiers so that all files included in the command are affected, or only
certain files are affected. When the qualifier follows the command name immediately, it
applies to all files. For example, if you specify the following command, you receive listing
files for ABC, XYZ, and RST.

$ FORTRAN/LIST ABCXYZsRST

If you include a qualifier as part of a file specification, in most cases it affects only the file
with which it is associated. For example, use of the /NOLIST qualifier in the following
command provides you with listing files for ABC and RST, but not for XYZ.

$ FORTRAN/LIST ABCsXYZ/NOLISTRST

- Qualifiers included with file specifications that are part of a concatenated list of input files
are exceptions to this rule. See Example 5 in Section 3.2.2.

1.2 Accessing the System

In order to develop VAX FORTRAN programs, you must be able to log in and out of the
VAX/VMS system. During the login process, the system determines whether your account
is valid and your password is correct. The logout process releases the system resources
assigned to you and protects your account.
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Sections 1.2.1 through 1.2.5 describe the procedures you use to do the following:
e Log in and out
¢ Change your password

¢ Give the system information about the kind of terminal you have and its data trans-
mission rate

¢ Connect your terminal to another network node, that is, another computer in a net-
work that includes your computer

1.2.1 Logging In

Accessing a VAX/VMS system from a terminal is very simple. Once you have turned on the
terminal, you alert the system to your presence by typing RETURN, <CTRL/C>, or
<CTRL/Y>. Then, VAX/VMS issues the following prompt:

Username:

You respond by typing in your account name and a RETURN. (Note: Some VAX/VMS
systems include an optional feature that requires you to enter a system password before it
issues the “Username:” prompt.)

Next, VAX/VMS prompts you with the following:

Password:

You respond by typing in your password and a RETURN. Note that VAX/VMS does not
display your password when you type it on the terminal. This helps to protect your pass-
word from accidental discovery. '

The following example shows the login procedure:

<RET?

Username: JONES

Password:
Welcome to VAX/YMS Version 4,0 on node BACKUS

1.2.2 Logging Out
To end your terminal session, you type the LOGOUT command. VAX/VMS responds with
the brief form of the logout message, as shown in the following example:

% LOGOUT
JONES logded out at 30-MAR-1984 12:30:00,00

If you add the /FULL qualifier to the LOGOUT command (or if VAX/VMS executes the
LOGOUT command in a batch file), the long form of the logout message is printed. For
example:

$ LOGOUT/FULL
JONES logded out at 30-MAR-18984 12:30:00,00
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Accounting information:

Buffered I/0 count: 22 Peak worKing set size: 80
Direct I/0 count: 10 PeakK wvirtual size: G9
Pade faults: G8 Mounted wvolumes: 0

Elapsed CPU time: 0 00:01:30,50 Elarsed time: 0 04:59:02,63

1.2.3 Changing Your Password

If your system manager allows it, you can change your password with the SET
PASSWORD command. (Note that you must use this command interactively from your
terminal; it cannot be executed in a batch file.) The steps for changing your password are
as follows:

1. You type SET PASSWORD, followed by a RETURN. VAX/VMS then prompts you
to enter your current password.

2. Enter your current password, followed by a RETURN. Note that VAX/VMS does
not display the current password. VAX/VMS then prompts you for your new pass-
word, which can have a maximum of 31 characters chosen from the set A through Z,
a through z, 0 through 9, dollar sign ($), and underscore (). Note that VAX/VMS
does not display the new password.

3. To verify that you have typed your new password correctly, VAX/VMS prompts you
to enter your new password again. If the two new passwords do not match, the
original password remains in effect.

A sample dialog follows:

% SET PASSWORD
0ld Password:
New Password:
Yerification:
®

1.2.4 Declaring Your Terminal Type

When you log in, VAX/VMS may or may not know what type of terminal you have. To set
the terminal type, you use the SET TERMINAL command. The simplest form is:

SET TERMINAL/INQUIRE

When you enter this form of the command, VAX/VMS determines what type of terminal
you have and sets several parameters to appropriate values. For example, if you have a
VT100 terminal, VAX/VMS sets parameters so that your terminal has lowercase characters
and tabs, so that the screen is 80 columns wide by 24 lines high, so that the terminal can
buffer characters for the type-ahead feature, and so forth. Since you nearly always need to
set the terminal type, you may want to put the SET TERMINAL/INQUIRE command into
your LOGIN.COM file; then, the command will be executed every time you log in. (See
Section 1.6.11 for information on LOGIN.COM files.)
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If you want to determine the current parameter settings for your terminal, use the SHOW
TERMINAL command. VAX/VMS responds with a list of all of the parameters that can be
set for a terminal, and the current settings for your terminal.

At times you may need to inform the system of the speed at which your terminal operates.
When doing this, you must tell VAX/VMS the speed to which you will set your terminal
before you actually set it; if you set the terminal speed first, VAX/VMS will not be able to
understand the characters you type. To set the terminal’s speed, use the SET TERMINAL
command with the /SPEED qualifier. For example, if you want to change your terminal to
run at 4800 bits per second, use the following command:

SET TERMINAL/SPEED=4800

After you enter this command, VAX/VMS will not recognize any characters that you type
until you change your terminal’s setting—by means of a manual setting or the SET-UP
procedure (depending on your terminal type)—to 4800 bits per second.

The SET TERMINAL command has many other qualifiers available for more specific
purposes. For a complete list of these qualifiers, see the description of the SET
TERMINAL command in the Guide to Using DCL and Command Procedures on
VAX/VMS.

1.2.5 Logging In to Other Network Nodes

If you work on a VAX/VMS system with DECnet-VAX software and your system is on a
computer network, you can connect your terminal to other computers on the network by
entering DCL commands. You must know the name of the computer, or node, that you
want to reach,and you must have access to an account there.

You can find out which network nodes are accessible with the SHOW NETWORK com-
mand. For example:

$ SHOW NETWORK

VAX/UMS Network status for local node 2,18 KLEE on 4-JUN-1984 13:51:43.91

The wext hop to the nearest area router is node 2.4 MARC.

Node Links Cost Hops Next Hop to Node
2,18 KLEE 0 0 0 (Local) -» 2.18 KLEE
241 BOSS 0 3 1 UNA-O - 241 BOSS
2.2 ECHO 0 3 1 UNA-Q -x 2.2 ECHO
2.4 MARC 0 3 1 UNA-0O -» 2.4 MARC
2,25 NEST 0 G 2 UNA-O -» 2,19 FLOSS

Total of 12 nodes.

For more information on the SHOW NETWORK command, see the Guide to Using DCL
and Command Procedures on VAX/VMS.
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To connect your terminal to other network nodes, use the SET HOST command, as in the
following example:
$ SET HOST MARC

Username: AUGUST
Password:

This command connects a terminal to the network node named MARC. After you have
successfully connected your terminal to another node, follow the login procedure outlined
in Section 1.2.1.

1.3 Using DGL

Once you have logged in to a VAX/VMS system, you can use DCL commands for tasks
such as executing programs or printing files. The next two sections present rules and
conventions for entering these commands and for defining symbolic names for them.

1.3.1 Rules for Entering and Editing DGL Commands

When entering DCL command lines, you should pay particular attention to the rules in the
following list. Other rules for entering DCL command lines are described in the Guide to
Using DCL and Command Procedures on VAX/VMS.

® You can truncate any command name or qualifier name to four characters. Fewer than
four characters are acceptable if the truncated name is unique to the command that
you want.

® You must precede each qualifier name with a single slash character (/).

¢ If you omit a required parameter (for example, a file specification), the VAX/VMS
DCL command interpreter will prompt you for it.

* You can enter a command on as many lines as you wish, as long as you end each line
(except the last) with a hyphen (-).

e After you have entered a complete command, you must type a RETURN to pass the
command to the system for processing.

* You can cancel an entire command, before the final RETURN, by typing <CTRL/Y>.
* You can cancel the current line of a multiline command by typing <CTRL/U>.

® You can interrupt command execution (and user programs) by typing <CTRL/Y>. To
resume the interrupted command, enter the CONTINUE command. To stop process-
ing completely after typing <CTRL/Y>, simply do not enter the CONTINUE com-
mand. At that point, you can enter other DCL commands or run other programs.

If you enter a command incorrectly (for example, if you misspell a command or qualifier
name), the command interpreter issues an error message and you must either retype the
entire command or edit the command and then reenter it.
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CTRL/B Recalls successive command lines so that they can be edited.

CTRL/H Moves the cursor to the beginning of the command line being displayed.
(BACKSPACE key generates <CTRL/H>.)

CTRL/E Moves the cursor to the end of the command line being displayed.

{CT‘I_{L/D} Moves the cursor one character to the left.

{CT_I?L/F} Moves the cursor one character to the right.

CTRL/J Deletes the characters or word to the left of the cursor; that is, characters
up to the next blank are deleted. (LINEFEED key generates <CTRL/J>.)

CTRL/A Alternates between insert and overstrike mode. Depending on the
<CTRL/A> setting the characters that you enter either replace existing
characters or are added to the command line. For example, after typing
<CTRL/B>, you are in overstrike mode by default; to get into insert mode,
you type <CTRL/A>; to return to overstrike mode, you type <CTRL/A>;
and so on.

CTRL/U Deletes all characters between the current cursor position and the begin-
ning of the command line.

CTRL/C Cancels the entire operation.

Command line editing enables you to correct typographical errors and other errors in
lengthy command lines and saves you the trouble of reentering the entire line.

1.3.2 Rules for Defining DCL Symbols

One of the most useful features of VAX/VMS is its ability to recognize symbols that
represent commands and partial command strings. You define a symbol by placing one of
the assignment operators := or :== between the symbol and the string it represents. If you
use the :== operator, VAX/VMS inserts the symbol in the global symbol table; if you use
the := operator, VAX/VMS inserts the symbol in a local symbol table.

The Guide to Using DCL and Command Procedures on VAX/VMS describes symbol tables
in detail. Briefly, VAX/VMS creates a global symbol table for you when you log in. Then,
each time you execute a command procedure, VAX/VMS creates a new command level and
a local symbol table for that level. If one command procedure executes another procedure,
VAX/VMS creates another new—lower—command level and another local symbol table,
and so forth. Every command level can access the symbols in the global symbol table, as
well as symbols in local symbol tables at higher command levels. In other words, you can
define local symbols in a command procedure that are available to lower-level procedures.
Note that VAX/VMS discards local symbols and their values when a procedure exits. That
is, a program or command procedure can create local symbols, but the symbols disappear
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when the program or procedure ends. However, you can define local symbols at DCL
command level, and these symbols remain until you explicitly remove them or until you log
out.

For example, the following command defines the local symbol FORTRAN as a command to
invoke the FORTRAN compiler, with two added qualifiers:

$ FORTRAN := FORTRAN/G_FLOATING/NOLIST

You can pass information to a higher-level command procedure by defining a global symbol
to contain the information. Because there is only one global symbol table, and it is accessi-
ble at all command levels, the higher-level command procedure can simply test the value of
the symbol.

You can tell VAX/VMS that you want to allow abbreviations of a symbol by using the
asterisk ( *) character to end the acceptable abbreviation. For example, if you wanted to
abbreviate the command FORTRAN to FOR, you could use the following command:

$ FOR*TRAN :== FORTRAN/G_FLOATING/LIST

Once you have defined this symbol, you can type FOR, FORT, FORTR, FORTRA, or
FORTRAN to invoke the FORTRAN compiler with the /G_FLOATING and /LIST quali-
fiers. Note that the double equal sign in this symbol definition denotes the creation of a
global symbol.

You can determine the definition of a symbol by typing SHOW SYMBOL followed by the
symbol name. For example:

$ SHOW SYMBOL FOR
FOR*TRAN = FORTRAN/G_FLOATING/LIST

To delete a symbol, type DELETE/SYMBOL, followed by the symbol name. If you do not
specify a symbol table qualifier, LOCAL is assumed. If the symbol is in the global table,
type DELETE/SYMBOL/GLOBAL followed by the symbol name. For example, you could
delete the symbol FORTRAN, which you had defined previously, by typing:

$ DELETE/SYMBOL/GLOBAL FORTRAN

Many VAX/VMS users keep a file of symbols for the system to define every time they log
in, thus creating a set of personal commands for special purposes. For information on
having the system read such a file each time you log in, see Section 1.6.11 on the
LOGIN.COM file. Sections 1.6.1 to 1.6.4 contain information on using symbols in com-
mand procedures.

1.4 Getting Help from VAX/VMS

You can get help from VAX/VMS on commands, qualifiers, and other keywords by using
the HELP command:

HELP [topic [subtopic ...]]
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For instance, to find out about the FORTRAN command, type HELP FORTRAN. If you
type only HELP, you get a list of all of the topics for which help is available, and if you type
HELP FORTRAN, you get a list of FORTRAN qualifiers, parameters, and other topics for
which help is available. You can also have the help text written to a file by specifying the
/OUTPUT qualifier and a file specification, after the HELP command. For example, to
create a file named CROSS.TXT, containing the HELP information on the /CROSS quali-
fier to the FORTRAN command, enter:

$ HELP/OUTPUT=CROSS.TXT FORTRAN /CROSS

See Section 1.5.1 for more information on file specifications.

1.5 Working with Files

In order to name, access, and use your files effectively, you need information about:
¢ File specifications, which you use to refer to a particular file

e File-handling commands, which you use to perform any of the following operations on
files: move, delete, list directory, rename, set protection, search contents, and display
or print contents

¢ Command procedures (including the LOGIN.COM command procedure), which allow
you to execute multiple DCL commands both from a terminal and from a batch job

1.5.1 File Specifications

A file specification provides the system with all of the information it needs to uniquely
identify a file. The maximum length of a file specification, including all delimiters, is 255
characters. Note that you do not have to enter each field in every file specification; often
you can use the system-supplied default values. The fields of a file specification are:

node"access-control-string"::device:[directorylfilename.type;version

For example:
UIOLET'ROTHKD MARK ‘::USERD:[ROTHKDIPAINTINGS,THT ;3

The fields are explained below:

node"access-control-string"

When copying files to or from another network node, you must include the node name,
followed by two colons.

Depending on your privileges and the operation that you are going to perform, you
may have to provide an access control string. An access control string specifies the
user name and password to be used on the remote node. If you include the access
control string, you must enclose it in quotation marks, and it must precede the two
colons. The access control string cannot be longer than 42 characters, and the pass-
word cannot be longer than 31 characters.
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If the file specification for the remote node does not conform to VAX/VMS syntax,
you must enclose everything after the two colons in quotation marks.

device

Your system manager sets up logical names for the storage devices attached to your
system. You should use these logical names, rather than physical device names, when
referring to files on these devices. For example, the sample file specification shown
previously indicates that the logical name USERD has been defined as the name of
the device containing the directory [ROTHKO].

directory

A named catalog of files. You specify a directory as a character string of up to 39
alphanumeric characters (dollar sign and underscore are also allowed after the first
character) or as a sequence of character strings separated by periods. In each case you
must enclose the directory name in square brackets ([]) or angle brackets (<>).

The following examples show how you can refer to directories:

1360,015]
[KANDINSKY]
[KANDINSKY.FORT]

See Section 1.5.1.3 for a description of directories and directory hierarchies.

filename

type

A string of up to 39 alphanumeric characters (in addition, optionally, to dollar sign
and underscore—with the first character an alphanumeric) that you assign to a file.
The following examples show legal file names:

FORT_TEST
BUDGETERS$
APR23RECS

a
averylongfilename

Note that the case of the letters in the file name does not matter—the system recog-
nizes both lowercase and uppercase and does not distinguish between them.

A character string that, by convention, describes the contents of the file. For example,
the file type .FOR is used to denote FORTRAN source programs. Any alphanumeric
characters (in addition to dollar sign and underscore; with first character an alphanu-
meric), can be used in file types, and the string can be up to 39 characters long. The
file type must be preceded in the file specification by a period.

Some of the most common file type conventions are listed in Table 1-1.

version

A decimal integer between 1 and 32767, preceded by a semicolon or a period. When
you update or modify a file without specifying the version number of the output file,
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the system increments the current version number by 1 when creating the output file.
You must specify a version number when you delete a file. You can use a version
number of 0, or omit the integer and include only the semicolon or period, to refer to
the most recently created version of the file. For example:

FORPROG.LIS;5
FORPROG.LIS.5
FORPROG.LIS;0
FORPROG.LIS;

Given that FORPROG.LIS;5 is the latest version of the file and thus has the highest
version number, all of these file specifications refer to the same file.

Table 1-1 shows the most common file types used by FORTRAN programmers.

Table 1-1: Common File Types

Type Expected File Contents

FOR FORTRAN source program; default input type for FORTRAN command
COM Command procedure file to be executed interactively or as a batch job
DAT Input or output data file

DIR  Directory file

EXE Executable image file; default output type for LINK command; default input type
for RUN command

HLB  Help text library file
HLP Input text for help libraries
JOU  Journal file for the EDT editor

LIS Listing file; default listing output type for FORTRAN command; default input
type for the PRINT and TYPE commands

LOG Batch job output file
MAI  Mail message file
MAP MAP image map; default listing output type for LINK command

OBJ  Object file; default output type for FORTRAN command; default input type for
LINK command

OLB Object module library
TMP Temporary file
TXT Input file for text libraries, mail utility
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1.5.1.1 File Specification Defaults

Not all elements of a file specification need to be written each time you use a file. The
default values that the system supplies for unspecified elements are summarized in Table
1-2.

For example, if you specify only a file name when compiling a FORTRAN program, the
compiler can process the source program if the file meets the following three requirements:

e The file is stored on the default device on the local node.
¢ It is cataloged under the default directory name.
e It has a file type of FOR.

If more than one file meets these conditions, the compiler processes the file with the highest
version number.

For example, assume that your default device is USERD, your default directory is SMITH,
and you supply the following file specification CIRCLE to the compiler.

The compiler searches device USERD in directory SMITH, seeking the highest version of
CIRCLE.FOR. If you do not specify an output file, the compiler generates the file
CIRCLE.OBJ, stores it on device DBAO in directory SMITH, and assigns it a version
number that is 1 higher than any other version of CIRCLE.OBJ currently cataloged in
directory SMITH on USERD.

Table 1-2: File Specification Defaults

Element Default Value

Node Local network node

Device User’s current default device

Directory User’s current default directory

File type Depends on usage:
Input to compiler FOR
Text library input to compiler TLB
Output from compiler 0OBJ
Input to linker OBJ
Output from linker EXE
Input to RUN command EXE
Compiler source listing LIS
Linker map listing MAP
Input to executing program DAT

Output from executing program  DAT
Version Input: highest existing version

Output: 1, if no existing version,
otherwise, highest
existing version plus 1
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1.5.1.2 Wildcard Characters

You can often substitute characters called wildcards for directories, file names, file types,
and version numbers in file specifications. There are two types of wildcards: (1) general-
purpose wildcard characters used in input file specifications and (2) special wildcard char-
acters used only in alphanumeric directory specification fields. Both types of wildcards can
be combined in numerous ways in directory specifications.

The special wildcard characters are ellipsis (...) and minus sign (-). Their use is explained
in Section 1.5.1.3.1.

The general-purpose wildcard characters are the asterisk (*) and the percent sign (%).

* An asterisk represents a string of characters of any length from zero to the maximum
allowed. For example, *.FOR refers to all files whose file types are FOR. A* FOR refers
to all files with names starting with A or with the name A and with a file type of FOR,
such as AXA.FOR.

* A percent sign represents exactly one character. For example, Z%.FOR refers to all
files whose types are FOR and whose names have two characters: Z followed by any
other valid character.

The following example shows how to use general-purpose wildcards with file specification
fields to keep track of groups of files. If you have a number of FORTRAN programs, and
you use default file types, you can refer to all of the FORTRAN source files on your current
directory with the specification:

*,FOR
You can refer to the most recent executable versions of programs that exist in subdirectory

[FORTRAN.EXECUTE] by specifying a semicolon version number delimiter, but omitting
the version number itself:

[FORTRAN.EXECUTEl*,EXE3

You can refer to help files on the network node HUNTER with the specification:
HUNTER: : SYS$SHELP: %, %

Not all commands allow the use of wildcard characters in file specifications. For instance,
wildcards cannot be used in the FORTRAN command. Each file that you wish to compile
must be explicitly named.

1.5.1.3 Directories and Subdirectories

Directories are ‘file catalogs,” each of which is owned by a particular user. The system
identifies each directory by an alphabetic name, and you use these names in referring to
the directory. A directory name consists of up to thirty-nine alphanumeric characters and
can contain any characters that are allowed in file names. Directories are just special files
that always have a file type of .DIR and a version of 1. Often, the directory that you own
has the same name as the account under which you log in.

VAX/VMS allows you to create subdirectories within a directory. Like directories, sub-
directories have names. Subdirectory names are written as lists of directory names, sepa-
rated by periods; the entire list is enclosed in square brackets. The first directory name in
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the list represents the highest-level directory; the last name in the list represents the
subdirectory to which you are referring, with any intermediate directories listed in between
them. For example:

$ DIRECTORY [FAULKNER.PROGRAMS.FORT]

The top-level directory in this example is FAULKNER, the intermediate subdirectory is
PROGRAMS, and the subdirectory is FORT. The DIRECTORY command lists all files in
the specified (or default) directory.

VAX/VMS keeps track of your current default device and directory. When you log in, your
default device and directory are set to your home disk area. To determine the current
default values, use the SHOW DEFAULT command. For example:

$ SHOW DEFAULT
WORKD: [BRONSTEIN.FORT]

You can change these default values with the SET DEFAULT command. For example, if
your default directory when you log in is [FAULKNER] and you wish to work on files in the
directory [FAULKNER.PROGRAMS], you can avoid typing the directory name with each
file name by using the following command:

$ SET DEFAULT [.PROGRAMS]

The files in each directory and subdirectory occupy a certain amount of disk space. If disk
quotas are enabled on the disk you work on, you cannot exceed the quota assigned to you.
You can use the SHOW QUOTA command to determine how much disk space is occupied
by files in a directory or subdirectory. In response to SHOW QUOTA, the system tells you
how much disk space you are using, what your quota is, and how much free space is
available to you. For example:

$ SHOW QUOTA

User [BRONSTEINI has 278 blocks used: 722 available, of 1000
authorized and Permitted overdraft of 50 blocKs on WORKD

If no disk quotas are in effect for your disk, the SHOW QUOTA command informs you that
the disk quota accounting file is not active.

Creating a Subdirectory

To create a subdirectory, use the CREATE/DIRECTORY command. For example, if you
wish to create the subdirectory [FAULKNER.PROGRAMS.FORT], enter the following

command:
% CREATE/DIRECTORY [FAULKNER.PROGRAMS,FORT]I
If you have already executed the command SET DEFAULT [FAULKNER.PROGRAMS],

your current default directory is FAULKNER.PROGRAMS]. This would enable you to use
the following, shorter, form of the command:

$ CREATE/DIRECTORY L[.FORTI

After you execute this command, the directory [FAULKNER.PROGRAMS] will contain
the file FORT.DIR, which is the catalog of the files in [FAULKNER.PROGRAMS.FORT].
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You can use the VAX/VMS facility for creating directories and subdirectories to construct
trees—hierarchies—of logically related files. The number of directories you can create is
limited only by your available disk space; however, no hierarchy can contain more than
eight levels. Figure 1-2 illustrates the concept of directory hierarchies.

A volume’s Master File Directory (MFD)

contains entries for the user file
$DIRECTORY [000000] directories (UFDs) on the volume.

MALCOLM.DIR -
301300.DIR
HIGGINS.DIR
[/ 301301.01R w
LEVEL
$ DIRECTORY [HIGGINS] Each UFD lists the files belonging o
to that directory, and can contain
PAYROLL.DIR~Y entries for additional directories,
USER.DOC called subdirectories.
MEMO.LIS
LOGIN.COM $ DIRECTORY [HIGGINS.PAYROLL] 9
. A subdirectory can catalog files
. ISNOTJ%ES%IR and/or additional subdirectories.
LISTINGé DIR: The subdirectory file named
DATADIR [HIGGINS]PAYROLL.DIR

DIRECT.DOC lists additional subdirectory files.

The subdirectory file named [HIGGINS.PAYROLL]DATA.DIR
lists additional subdirectory files,

$ DIRECTORY [HIGGINS.PAYROLL.DATA]

| JANUARY.DIR $ DIRECTORY [HIGGINS.PAYROLL.LISTINGS] (3]
L FEBRUARY.DIR
[ MARCH.DIR $ DIRECTORY [HIGGINS.PAYROLL.SOURCE]
FICA LIS
TAXES.LIS
. FICAFOR
. TAXES.MAR
. PAYROLL.FOR
$ DIRECTORY [HIGGINS.PAYROLL.DATA.MARCH] (4]
FICA.DAT
STATETAX.DAT | .
FICADAT FEDTAX.DAT °
STATETAX.DAT EMPTTL.DAT
FICA.DAT FEDTAX.DAT .
STATETAX.DAT hyediagiel : .
FEDTAX.DAT : :
EMPTTL.DAT * nextleve!. DIR ~—]

E : N e

ZK-777-82

Figure 1-2: A Directory Hierarchy
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You may often refer to files that are somewhere in your directory hierarchy but not in your
current default directory. Two special symbols exist to make references easier: the ellipsis
(...) and the hyphen or minus sign (-). The ellipsis is used to search down a directory
hierarchy, and the hyphen is used to search up the hierarchy.

For example, [BRONSTEIN...] refers to the directory [BRONSTEIN] and all of the sub-
directories in the hierarchy below [BRONSTEINI]. The directory specification [....FORT]
refers to all subdirectories named FORT below the current default directory. Since you can
specify the current default directory with [ ], you can refer to the entire hierarchy under
your current default directory with [...].

Hyphens allow you to search up the hierarchy one directory at a time; each hyphen stands
for one hierarchical level. If, for example, your current default directory is
[BRONSTEIN.FORT.TEST), you can refer to [BRONSTEIN] by [--]. The directory speci-
fication [-] refers to [BRONSTEIN.FORT], and [-.SOURCES] refers to
[BRONSTEIN.FORT.SOURCES].

Deleting a Subdirectory

To delete a subdirectory properly, you must first remove any files in it. Then, you can
delete the DIR file. Note that directory and subdirectory files are protected to prevent
accidental deletion; you cannot delete them without first resetting the file protection. (For
more information on file protection, see Section 1.5.2.5.)

1.5.1.4 Logical Names

Logical names are a shorthand way of specifying device, directory, or file names to which
you refer frequently.

Logical names are alphanumeric character strings, up to 255 characters long.

Every logical name is paired with one or more equivalence name. An equivalence name can
be a file specification, part of a file specification (a device or a device and a directory), or
another logical name. When programs and command procedures refer to physical files by
logical name, VAX/VMS translates the logical name into its equivalence name.

Logical names that translate to more than one equivalence name are called search lists.
Search lists are useful in referring to groups of files that are not collected together in a
single directory.

The remainder of this section contains information about the following topics:
1. Defining logical names
2. Logical name tables
3. Predefined logical names
4. Deleting and showing logical names
5. Assigning a logical name with the MOUNT command

6. Search lists
The topics are addressed, in the order shown here, under the headings that follow.
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Defining Logical Names

Two VAX/VMS commands, ASSIGN and DEFINE, equate a logical name and an equiva-
lence name. The commands differ in two respects: (1) the order in which they require the
logical name and the equivalence name and (2) if you supply a terminating colon with the
logical name, ASSIGN removes it, whereas DEFINE does not.

The following example shows how to equate a logical name, TEST, and a file specification,
using the ASSIGN and DEFINE commands:

% ASSIGN USERD:[JUNG.FORTIFORTEST.FOR TEST
$ DEFINE TEST USERD:[JUNG.FORTIFORTEST.FOR

The preceding commands equate the logical name TEST to the file specification
USERD:[JUNG.FORTIFORTEST.FOR. After you have issued one of these commands,
you can then refer to the file by the name TEST. For example:

% TYPE TEST

You can also run programs and execute command procedures that refer to the logical name
TEST. For example, suppose that you have written a FORTRAN program that opens a file
using the following code:

OPEN (UNIT=1, FILE='TEST’, ORGANIZATION='SEQUENTIAL’,» STATUS='0LD")

* When you run your program and this line is executed, FORTRAN passes the string TEST
to VAX/VMS as the file specification. In searching for the corresponding file, VAX/VMS
first tries to translate the string TEST. If TEST is a logical name, the translation yields an
equivalence name, which is translated in turn. When no further translations are possible,
VAX/VMS assumes that it has a file specification, and your program opens the file
USERD:[JUNG.FORTIJFORTEST.FOR. You can specify a different file when you run the
program again by issuing another ASSIGN (or DEFINE) command to create a new equiva-
lence name for the logical name TEST. For example:

$ ASSIGN WORKD:[LJUNGIREAL.DAT3I7 TEST

If you enter the preceding ASSIGN command and then rerun your program, the program
opens the file WORKD:[JUNGIREAL.DAT;7.

Logical Name Tables

Logical names are kept in logical name tables. Five specific logical name tables—USER,
PROCESS, JOB, GROUP, and SYSTEM—are of special interest.

o User logical name tables contain logical names that are local to the program that is
currently executing. They automatically go away when the execution of the program
ends. Use the ASSIGN/USER command to put a logical name into the user table.

® Process logical name tables contain logical names that are local to your process; the
ASSIGN and DEFINE commands place logical names in the process logical name
table by default.

1-18  Using the VAX/VMS Operating System



¢ Job logical name tables contain logical names that are local to your current process
and any descendent processes created using the SPAWN command. You must use the

/JOB qualifier to refer to the job logical name table.

¢ Group logical name tables can be used by anyone in a user group (as defined by the
group field in the user identification code); you must use the /GROUP qualifier to refer
to the group logical name table.

* The system logical name table contains entries that can be accessed by any process in
the system; you must use the /SYSTEM qualifier to refer to the system logical name

table.

To place logical names in the group table, you need the GRPNAM privilege; to place
logical names in the system table, you need the SYSNAM privilege.

See the VAX/VMS DCL Dictionary for detailed information on the use of logical name

tables.

Predefined Logical Names

The operating system supplies a number of predefined logical names that are already
associated with particular file specifications. Table 1-3 lists the logical names of special
interest to FORTRAN users.

Table 1-3: Predefined System Logical Names

Name Meaning Default

SYS$COMMAND Default command input User’s terminal (interactive); batch

stream command file (batch)

SYS$DISK Default device As specified by the user

SYS$SERROR Default error message output User’s terminal (interactive); batch

file log file (batch)

SYSSINPUT Default input stream User’s terminal (interactive); batch
command file (batch)

SYS$NODE Current local node Network node name for the local
system if DECnet-VAX is active on
the system

SYS$OUTPUT Default output stream User’s terminal (interactive); batch
log file (batch)

SYSSLOGIN User’s output file for system Established by system manager

SYS$SCRATCH Default device and directory Established by the system manager

for scratch files created by
the compiler
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Deleting and Showing Logical Names

To delete a logical name from a logical name table, use the DEASSIGN command. For
example:

$ DEASSIGN TEST

The preceding command deletes the logical name TEST from the process logical name
table. To remove logical names from the job, group, and system logical name tables, you
must use the /JJOB, /GROUP, and /SYSTEM qualifiers. You need the GRPNAM privilege
to remove a logical name from the group table and the SYSNAM privilege to remove a
logical name from the system table. (Note: All logical names are deleted from the user
logical name table each time a program completes. See Section 1.5.1.3.)

You can ask VAX/VMS to show you the equivalence name for a logical name with the
SHOW LOGICAL command. This command accepts the logical name as a parameter. If
repeated translation is necessary (that is, if the logical name stands for another logical
name, and so on), up to 10 translations are performed.

The SHOW TRANSLATION command, on the other hand, does not do repeated transla-
tion; translation is repeated until an equivalence name is found that is not, itself, a logical
name. The response to SHOW TRANSLATION is the equivalence name that corresponds
to the first occurrence of that logical name in the logical name tables. The tables are
searched in the following order: process, job, group, and system. For example, suppose you
define TEST with the following ASSIGN command:

% ASSIGN TEST.FILE TEST

If TEST_FILE is a logical name pointing to USERD:[JUNG.FORTIFORTEST.FOR, the
responses to the SHOW LOGICAL and SHOW TRANSLATION commands are as follows:

$ SHOW TRANSLATION TEST

TEST = "TEST_FILE" (LNM$PROCESS.TABLE)
$ SHOW LOGICAL TEST
TEST = "TEST_FILE" (LNM$PROCESS_TABLE)
TEST-FILE = "USERD:[JUNG.FORTIFORTEST.FOR" (LNM$PROCESS_TABLE)

Assigning a Logical Name with the MOUNT Gommand
You can specify a logical name as a parameter of the MOUNT command when mounting a
volume on a device. The MOUNT command has the form:
$ MOUNT device-name,... [volume-label,...] [logical-namel:]]
If your program refers to devices by means of logical names, you can change the association
between the device name and the logical name when you mount the device. For example:
$ MOUNT MTAO: TAPEZ MYTAPE
The preceding command associates the logical name MYTAPE with device name MTAQ

and volume label TAPE2. Whenever your program refers to logical name MYTAPE, access
is to the volume labeled TAPE2 mounted on a system-assigned magnetic tape unit. If you
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subsequently mount a different tape to be referenced by the logical name MYTAPE, you
can change the logical name association when you issue the MOUNT command. For
example:

$ MOUNT MTAO: TAPE7 MYTAPE

The preceding command associates the logical name MYTAPE with device name MTAO
and volume label TAPET7.

Search Lists

Search lists are logical names that translate to an ordered list of equivalence names, rather
than to a single name. You create search lists by specifying a list of equivalence names,
separated by commas, in place of the single equivalence name in the ASSIGN and DE-
FINE commands. The translation behavior of search lists depends on whether they are
being used for input files or output files. The typical user of search lists is to collect, under
one logical name, groups of files that are in different places. For example, suppose you are
working on two projects, called A and B. Suppose that the important files for project A are
kept in directory [A.LIB] and those for project B, in directory [B.LIB]. If you wish the
system to search for files first in [ROTHKO)] and then in [A.LIB] and then in [B.LIB], you
can define a search list with the following command:

$ DEFINE SRC [ROTHKO1,CA.LIBI1,[B.LIB]
The preceding command establishes the logical name SRC as a search list with the equiva-
lence names of [ROTHKO], [A.LIB], and [B.LIB], in that order. You can then use the name

SRC whenever you want the system to search these directories for a specified file. For
example, the command

$ FORTRAN SRC:FOURIER

searches for the file FOURIER.FOR in [ROTHKO] first; then, if no file by that name is
found there, searches [A.LIB]; and finally, if no such file is found there, searches [B.LIB].
The search terminates in the first place that FOURIER.FOR is found, and that file is used
for the input to the FORTRAN command.

If a search list is used for an output file specification, the new file is created in the directory
specified by the first name in the list. For example, if FOURIER.FOR existed only in
[A.LIB], the following command would compile [A.LIBJFOURIER.FOR and create the
object file [ROTHKO]FOURIER.OBJ:

$ FORTRAN/OBJECT=SRC: SRC:FOURIER

1.5.2 File-Handling Gommands

The most common file-handling operations are:
¢ Moving files
¢ Deleting files

¢ Listing and changing file names
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e Handling file protections
¢ Displaying the contents of files on your terminal or printing them on a line printer

The following sections describe the commands used to perform these operations. Note that
these commands affect entire files; they do not act on the contents of the files. (See the
Guide to Using DCL and Command Procedures on VAX/VMS for complete descriptions of
all DCL commands.)

1.5.2.1 Moving Files
Two DCL commands, COPY and APPEND, move files:

¢ COPY makes a new copy of the file in a directory you specify, thus allowing you to
move the file to a new device if you wish.

¢ APPEND copies the contents of the files that you specify into a single file.

In both cases, the original files are retained; they must be explicitly deleted if you do not
want to keep them,

(Note: The RENAME command does not move files; it simply changes the directory entry
for the file. For a description of RENAME, see Section 1.5.2.4.)

GOPY Command

To copy a file from one directory to another or from one device to another, use the COPY
command, listing the input file specification(s) first and the output specification second.
Only one output specification is allowed. However, you can use wildcards in the output
specification to copy a group of files to another device or directory. For example:

$ COPY WORKD:[BACKUS.FORTIA*.%;B*.,% [MINEI*.*

The preceding command copies every file in WORKD:[BACKUS.FORT] that has a name
starting with A or B to the directory WORKD:[MINE]. The files retain their names.

If you are on a DECnet network, you can also use the COPY command to copy files from
one network node to another. For example:
$ COPY RIDER::USERD:FILE.THT %,

The preceding command copies FILE.TXT from device USERD on node RIDER to the
current default directory.

APPEND Gommand

To copy two or more files into a single file, use the APPEND command. APPEND conca-
tenates the files you specify as input, in the order in which you have listed them. You can
add the input files to an existing file or to a new file. For example:

$ APPEND PARSER.FOR,HELPER.FOR:MYPROG.FOR TEST.FOR/NEMW

The preceding command creates a new file called TEST.FOR consisting of the three FOR-
TRAN source files in the order shown. The /NEW qualifier is required if you want to create
a new file.
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You can also use wildcard characters to concatenate files with the APPEND command. For
example:

% APPEND #,TXT WHOLE.TXT
When you execute the preceding command, all files of type TXT are appended to the

existing file WHOLE.TXT. If WHOLE.TXT did not exist, you would get an error message,
unless you used the /NEW qualifier.

1.5.2.2 Deleting Files
Two DCL commands, DELETE and PURGE, delete files.

DELETE Command

The DELETE command eliminates the specified files from the disk and makes the space
they occupied available for other files. You cannot retrieve files once you have deleted
them; therefore, you should be as explicit as possible when specifying files to be deleted. In
order to minimize the number of deletions performed by mistake, VAX/VMS requires
information about the version numbers of the files to be deleted.

You can delete the latest version in the specified directory by using a version number of 0 or
by supplying only the semicolon. For example, the following command deletes the most
recent version of TEST.FOR, leaving earlier versions intact.

$ DELETE TEST.FOR]j

To delete all versions of TEST.FOR, use the following command:
$ DELETE TEST.FOR:*

PURGE Command

The PURGE command deletes old versions of a file. It allows you to specify how many of
the most recent, or highest numbered, versions you want to keep. By default, it deletes all
versions except the most recent.

PURGE does not require you to enter version numbers. For example, the following PURGE
command deletes all but the latest version of TEST.FOR:

$ PURGE TEST.FOR

The following PURGE command is more general. It purges all but the latest version of
every file in every directory and subdirectory in the hierarchy under the directory [JONES].
$ PURGE [JONES...]

To keep more than the latest version of files in directories you purge, you must use the
/KEEP qualifier to indicate the number of versions that you wish to retain. For example,

the following command retains the three latest versions of every file in the directory
[JONES], and all subdirectories below it as well (if that many versions exist).

$ PURGE/KEEP=3 [JONES...1
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If there are fewer than three versions of a file, none of the existing versions are deleted.

To allow extra checking when deleting files, use the /CONFIRM qualifier. To verify what
files are being moved or deleted, use the /LOG qualifier.

1.5.2.3 Listing File Names

The DIRECTORY command lists the files in the specified directory in alphabetical order.
If you omit a directory specification, typing the DIRECTORY command lists the files in
the current default directory. To get additional information, or to format the output, you
can add qualifiers to the DIRECTORY command. For example:

$ DIRECTORY/COLUMNS=1/DATE=CREATED/PROTECTION

The preceding command tells VAX/VMS to list the files in your directory in a single
column instead of in the default four columns, and to include the date of creation and the
protection in effect for each file.

You can obtain all of the information available on a file or group of files with the /FULL
qualifier of the DIRECTORY command. This qualifier causes the following attributes to be
listed for each file:

File name

File type

Version number

Number of blocks used
Number of blocks allocated
Date of creation

Date of last backup

Date last modified

Date of expiration

File owner’s UIC

File protection

File identification number (FID)
File organization

Other file attributes
Record attributes

Record format

Access control list (ACL)

These items are described in the VAX Record Management Services Reference Manual.

You can use the /TOTAL qualifier to find out how many files exist in a directory. You can
use the /SIZE qualifier to find out how many blocks of disk space each file takes up. If you
combine these qualifiers, you can find the total number of files and the total space used,
without getting a list of the file names. For example:

$ DIR/SIZE/TOTAL
Directory USERD:LTHOMPSON.,DOCTOR1

Total of 191 filess S5169/5409 blocks.,
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The Guide to Using DCL and Command Procedures on VAX/VMS contains a complete list
of the qualifiers you can use with DIRECTORY. You can also type HELP DIRECTORY to
get a list of qualifiers.

1.5.2.4 Renaming Files

You can use the RENAME command to change the directory specification, file name, file
type, and file version of an existing file. For example, the following command changes the
directory and file name of the file AVERAGE.OBJ:

$ RENAME AVERAGE.O0BJ C[FAULKNERIOLDAYERAGE.OBJ

The following RENAME command changes the directory specification of the latest version
of the file SAVE.DAT from [FORTRAN.SOURCES.TEST] to [FORTRAN.SOURCES],
one level higher in the directory hierarchy:

$ RENAME [FORTRAN,SOURCES.TESTISAVE.DAT [-1

1.5.2.5 Handling File Protections

File protections allow you to regulate access to your files. Access is granted according to the
class of the user who requests it. Users can be in one of four classes: SYSTEM, OWNER,
GROUP, and WORLD. SYSTEM users have low group numbers (the exact range is estab-
lished by the system manager), and are usually system programmers, system managers,
and operators. OWNER is the user with the same user identification code (UIC) as the
creator of the file. GROUP users are those who have the same group number (the first
number in the UIC) as the file’s creator. WORLD users are those who do not belong to any
of the other categories.

You can use the SET PROTECTION command to establish protection levels for each class
of users. Class names can be spelled out or abbreviated to a single letter. Protection codes
are R (read), W (write), E (execute), and D (delete). For example, you might want to give
system users and your project members (who are in your UIC group) complete access to
your file A.FOR, and give others only read access. The following command accomplishes
this:

$ SET PROTECTION=(S:RWED0:RWEDG:RWED W:R) A.FOR

You can prevent files from being deleted by setting their protections so that deletion is not
allowed. For example:

$ SET PROTECTION A.FOR/PROTECTION=(S:RWE sD:RWE 1G:RE sW) s~
$_- B.FOR/PROTECTION=(0:RWE :G:REsW:R)

The preceding command sets protection on two files, A.FOR and B.FOR. A.FOR is pro-
tected so that system users and the owner have read, write, and execute access to the file;
group members can read and execute the file, but world users have no access to it. B.FOR
is protected so that the owner has read, write, and execute access, group members have
read and execute access, and world users have read access to it. Because the class
SYSTEM was omitted from this command, system users have the same access that they
had before the command was entered. Note that this command was continued on a second
line with the use of the hyphen continuation character.
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If you have access to a file, you can determine its current protection by using the
DIRECTORY command with the /PROTECTION qualifier. See Sections 1.5.1.3 and
1.5.2.3 for information about the DIRECTORY command.

The SET PROTECTION/DEFAULT command allows you to choose the protection codes
to be assigned to files you create in the current terminal session or batch job. For example,

$ SET PROTECTION=(G.,W) /DEFAULT

The preceding command tells VAX/VMS to give no access to group or world users for any
files you create during the current session.

1.5.2.6 Searching File Contents

The SEARCH command allows you to search the contents of a file or a collection of files for
a specified text string or strings. You can control how SEARCH finds matching strings and
what it tells you about them, and you can look at the lines surrounding the line where the
match occurred. For example, you can find all occurrences of a certain variable name in
any file whose type is FOR, or you can look at a particular line from a compilation listing
file. Type HELP SEARCH or see the Guide to Using DCL and Command Procedures on
VAX/VMS for descriptions of all of the qualifiers you can use with SEARCH.

Suppose you need to know which routines in all FORTRAN source files in your current
default directory contain references to the variable Too__Many__Files. The following ex-
ample shows how you can search the specified files:

% SEARCH *.FDOR Too_-Manv_Files

FOREEEK KEHEE KR KX KEX KEEF XAXX KK
USERD:[HST.FORTIINITVARS ,FOR 2

Too-Manr_Files = True

FEE REFEEE KEXE KERE XERRE HERRXERS
USERD:[HST .FORTIOPENFILE.FOR’1

IF (Too.Many_Files LEQ, True) THEN

If you wanted to see the two lines following the reference to Too__Many__Files in OPEN-
FILE.FOR, you could use the /WINDOW qualifier as follows:

% SEARCH/WINDOW=(0,2) DPENFILE.FOR "Too.Manv_Files"
IF (Too_Manv_Files .EQ, True) THEN
PRINT #,'Too many files,’
END IF

1.5.2.7 Printing and Typing Files

The PRINT and TYPE commands allow you to look at the contents of a file. If you want to
look at the file contents on a line-printer listing, use the PRINT command. If you want to
look at the contents on your terminal screen, use TYPE. For example:

% PRINT *,LIS/COPIES=10
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The preceding command causes VAX/VMS to group all files whose file type is LIS into a
single print job, and then queue the job to be printed. When the printer is on line and free,
10 copies of each file will be printed.

The /AFTER qualifier of the PRINT command allows you to queue files for printing at a
later time. To specify when you want the files printed, follow the /AFTER qualifier with
the time (in 24-hour format) when you want the file printing to begin. For example:

$ PRINT TEST.LIS/AFTER=Z20:10

The preceding command queues the file TEST.LIS for printing at 8:10 p.m. At the time
specified, the job is released from the queue for printing. For more information on how to
specify times, see the Guide to Using DCL and Command Procedures on VAX/VMS or
type HELP SPECIFY DATE__TIME.

The TYPE command causes VAX/VMS to display the file on your terminal. You can
control the output with the commands <CTRL/S>, <CTRL/Q>, and <CTRL/O>. When
you type <CTRL/S>, VAX/VMS stops sending characters to your terminal; when you type
<CTRL/Q>, VAX/VMS starts sending characters again. Thus, you can scan a file quickly
until you reach something of interest, type <CTRL/S> and examine the current screen
carefully, and then type <CTRL/Q> to begin scanning again. (If your terminal has a NO
SCROLL or HOLD SCREEN key and the key is enabled, you can use it like <CTRL/S>
and <CTRL/Q> to stop and start the display of your file.)

To suppress the display of output without halting execution of the command, type
<CTRL/O>. <CTRL/O> causes the output from the executing command to be discarded
instead of being displayed. If you type <CTRL/O> again before the command finishes
executing, the display of output is resumed.

When you use TYPE with a group of files, you can use <CTRL/O> to examine only the
beginning of each file. For example, suppose you enter the following command:

$ TYPE [-1%*,FOR

The preceding command searches for files with the file type FOR in the directory that is
one hierarchy level up from the current default directory. Any files found are displayed on
the terminal. If you type <CTRL/O> while the first one is being displayed, the rest of the
file is suppressed and the display of the second is begun. Thus, you can look at the
beginning of the next file by typing <CTRL/O> after the first few lines of the current file.

1.6 Using Command Procedures

VAX/VMS enables you to group DCL commands into files and execute them as a unit.
These files are called command procedures and they have the default file type COM. You
can create a command procedure with a text editor, a program, or another command
procedure. Once a command procedure exists, you can execute it by appending its file
name to the @ (Execute) or SUBMIT commands or the STATUS="SUBMIT "’ qualifier on
the FORTRAN OPEN or CLOSE statement.
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You should use a command procedure whenever you want to execute a group of commands
repeatedly. In its simplest form, a command procedure is just a file containing a DCL
command on each line, preceded by a “$”’ character. Comments can be interspersed with
the commands by preceding them with exclamation point (!) characters. If you wish to
execute a command procedure interactively, use the @ command, for instance:

$ EBCOMFILE
The preceding command begins execution of the command procedure contained in the file
COMFILE.COM. If you wish to execute a command procedure as a separate, batch pro-

cess, use the SUBMIT command or specify the command file as the STATUS qualifier of a
FORTRAN OPEN or CLOSE statement. For example:

$ SUBMIT COMFILE.COM
The preceding command submits the file COMFILE.COM as a batch job. See the Guide to

Using DCL and Command Procedures on VAX/VMS or type HELP SUBMIT for more
information about the SUBMIT command.

When you use the @ command, the system by default does not display the commands as
they are executed. To have the system display the commands as they are executed, enter
the SET VERIFY command before executing the command file. Enter a SET NOVERIFY
command to return the system to its default, or silent, behavior.

1.6.1 Using Symbols

Symbols in command procedures are alphanumeric character strings that represent nu-
meric, character-string, or logical values. For example, you can define a symbol to repre-
sent a DCL command with some particular set of options you use frequently:

$ MD := DIRECTORY/COLUMNS=1/8SIZE/PROTECTION

Once you have created the symbol MD with this command, typing MD in response to the
VAX/VMS prompt is the same as typing:

$ DIRECTORY/COLUMNS=1/SIZE/PRDTECTION
You can create a symbol and assign a value to it in a command procedure by:

¢ Equating a symbol name to a constant value or another symbol name using an assign-
ment operator (:= or :==) (See Sections 1.6.2 and 1.6.3.)

¢ Passing parameters and fixed data to a command procedure or a batch job (See
Sections 1.6.5 and 1.6.6.)

e Using the INQUIRE and READ commands to prompt for a value for the symbol (See
Section 1.6.7.)

A symbol name can be up to 255 characters long, and can contain letters, underscores (__),
and dollar signs ($). Lowercase letters are translated to uppercase by the command inter-
preter.
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1.6.2 Assigning Character Values to Symhols

To assign a character-string value to a symbol, use one of the following forms of the
assignment command:

symbol-name := character-string-value symbol-name :== character-string-value

Note that one equal sign defines a local symbol; two equal signs define a global symbol.
Section 1.3.2 contains more information on defining both kinds of symbols.

The character-string value can contain any alphanumeric or special characters, but if it
contains leading spaces or tabs, multiple spaces or tabs, lowercase letters, or any other
characters not legal in a symbol name, you must enclose it in double quotation marks. If
you need to specify a string that contains quotation marks, you must enclose the entire
string in quotation marks and include a double set at the point where you want literal
quotation marks to appear. For example:

HELLO := "JOHN SAYS "HIw®
This command assigns the value JOHN SAYS "HI" to the symbol HELLO.

You can indicate a null string by using a double set of quotation marks with nothing
between them, or by specifying no string at all. Both of the following examples specify the
null string:

NULLSTRING :
NULLSTRING :

1.6.3 Assigning Numeric Values to Symbols

To equate a symbol name to a numeric value, use one of the following forms of the
assignment command:

symbol-name = expression
symbol-name == expression

An expression can be any literal numeric value or an arithmetic or logical expression. As
with character values, one equal sign defines a local symbol; two equal signs define a global
symbol.

Table 1-4 lists the operators you can use in forming expressions with symbols.
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Table 1-4: Summary of Operators in Expressions

Operator Precedence Operation

Logical .OR. Logical OR

Operators .AND. Logical AND
NOT. Logical complement
EQ. Arithmetic equal to

Arithmetic  .GE.
Comparison .GT.
Operators .LE.

Arithmetic greater than or equal to
Arithmetic greater than
Arithmetic less than or equal to

1
2
3
4
4
4
4
LT. 4 Arithmetic less than
NE. 4 Arithmetic not equal to
.EQS. 4 String equal to
String .GES. 4 String greater than or equal to
Comparison .GTS. 4 String greater than
Operators .LES. 4 String less than or equal to
.LTS. 4 String less than
.NES. 4 String not equal to
+ 5 Arithmetic sum
- 5 Arithmetic difference
Arithmetic + 7 Arithmetic unary plus
Operators - 7 Arithmetic unary negate
* 6 Arithmetic product
/ 6 Arithmetic quotient.
String + 5 String concatenation.
Operators - 5 String reduction

The following examples demonstrate how to form expressions with the operators listed in
Table 1-4.

1. 3 .0R. 5

This expression has the numeric value 7, which is the result of a logical OR operation
on the values 3 and 5.

2. A JEQS5., B

This expression compares the values of string symbols A and B. It has the logical value
FALSE. Such logical values, whether TRUE or FALSE, can be assigned to another
symbol or used as the condition for an IF...THEN statement. See: Section 1.6.4 for
information on the IF... THEN statement.
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3.

1 +GT. 2
This expression compares the numeric values 1 and 2, and has the value FALSE.
"MAYBE" JLTS., "mavbe"

This expression compares two strings. String comparisons start with the leftmost char-
acter and compare the ASCII hexadecimal values. Since uppercase letters have lower
ASCII values than lowercase letters, "M AYBE" is less than "maybe", and the expres-
sion has the value TRUE.,

1.6.4 Symbol Substitution

The command interpreter substitutes the current values of symbols for the symbol names
in a command string. In some contexts, you need to tell the command interpreter to
perform symbol substitution; in other contexts, substitution is automatic. For a full de-
scription of the command interpreter’s symbol substitution algorithm and examples of the
results, see the Guide to Using DCL and Command Procedures on VAX/VMS. The basic
substitution rules are as follows:

* Automatic substitution occurs in IF... THEN and WRITE statements and on the right

side of arithmetic assignment statements. In these contexts, the command interpreter
assumes that strings starting with an alphabetic character are symbols, and strings
starting with a number are numeric literals.

For example, in the following IF...THEN statement, A and B are assumed to be
symbols, and the command interpreter substitutes their values when evaluating the
expression:

IF A J\EQ. B THEN GOTO NEX

The arithmetic assignment statement that follows increments the value of the numeric
symbol COUNT. The command interpreter substitutes the value of COUNT on the
right side only.

COUNT = COUNT + 1

Automatic substitution occurs for command synonyms. If the first word on a command
line is recognized as a symbol, its value is automatically substituted in the command
line.

For example, suppose you have entered the following definition for the symbol ME:
$ ME :== SET DEFAULT SYS$LDGIN

Once the symbol ME is defined, you can treat ME as if it were a DCL command. Since
the command interpreter automatically substitutes SET DEFAULT SYS$LOGIN for
ME, the effect of typing ME is to set your default directory to your login directory

Suppose you have entered the following definition:

$ PDEL :== DELETE SYS$PRINT/ENTRY= -
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Then you could use PDEL to delete entry number 181 from the SYS$PRINT queue:
$ PDEL 181

Note that the space following PDEL delimits the symbol; the command interpreter
would not recognize PDEL181. Delimiters can be any of the characters that are not
legal symbol-name characters, for example, parentheses: ¢ PDEL(181,182,183)

Since the left parenthesis is not a legal symbol-name character, it is interpreted as a
delimiter. Therefore, this command causes entries 181, 182, and 183 to be deleted from
SYS$PRINT.

e Symbols on the right side of nonarithmetic assignment statements and symbols used
in place of command parameters or qualifiers must be enclosed by apostrophes () to
force the command interpreter to substitute current values for the symbol.

In the following example, the apostrophes force the command interpreter to substitute
the value of the symbol FILENAME for the symbol itself before performing the assign-
ment. If the apostrophes were omitted, OLDSTRING would be assigned the value
FILENAME instead.

OLDSTRING := ‘FILENAME’

* Symbols inside quoted strings must be preceded by two apostrophes and followed with
a single apostrophe to force the command interpreter to substitute the symbol values
for the symbols.

For example, the following assignment statement gives PRINT_STRING a value
based on the current value of the symbol FILENAME:

PRINT.STRING := "Creating file ’'‘FILENAME’,TST"

1.6.5 Passing Parameters to Gommand Procedures

You can pass up to eight parameters to a command procedure by including them on the
command line following the @ (Execute) command and the command procedure name.
When the command interpreter executes the command line, it assigns the parameter val-
ues supplied to symbols P1 through P8. If you specify only one parameter, it is assigned to
P1; P2 through P8 receive null values. If you specify two values, they are associated with P1
and P2, and so on. You can use a pair of double quote characters to specify a null value for
a particular parameter.

The following example shows how to pass a value for the parameter P1 to a command
procedure. Suppose you want to use a command procedure named FORTEST in your
default disk area to compile, link, and run a program that you call NEWTEST.FOR. You
would enter the following DCL command:

$ BFORTEST NEWTEST

Upon receiving this string, the command interpreter assigns the value NEWTEST to the
symbol P1. FORTEST can then request the value of P1 when it needs the file name.
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The following example shows how FORTEST might refer to the file name that you entered.
This DCL command appends the string FOR to the file name and compiles the file named
by the resulting string.

$ FORTRAN/WARNING/LIST ‘Pi‘.FOR

The single quotes around P1 tell the command interpreter to perform symbol substitution.
Without the single quotation marks, the command procedure would attempt to compile the
file P1.FOR.

When you pass a number of parameters, you must separate them with one or more spaces,
as in the following example:

$ ERUNPROGS PROGA PROGB PROGC PROGD

When it receives this command line, the command interpreter assigns the value PROGA to
P1, PROGB to P2, PROGC to P3, and PROGD to P4.

You can pass parameters to a batch job with the PARAMETERS qualifier of the SUBMIT
command. If you have more than one parameter to pass, enclose the list in parentheses and
separate the parameters with commas. For example:

$ SUBMIT RUNPROGS /PARAMETERS=(PROGA:PROGB.PROGC,PROGD)

1.6.6 Passing Fixed Data to Programs

You can pass fixed data to a program by including the data in a command procedure that
runs the program. (See Section 1.6.7 for a description of how to pass data that is not fixed.)

The following command procedure illustrates how to include fixed data in a command
procedure. Note that the data begins on the first line after the RUN command, and that
the lines do not begin with a dollar sign. The first line that begins with a dollar sign signals
the end of the data.

$ FORTRAN AVERAGE

$ LINK AVERAGE

$ RUN AVERAGE

33

GG

99

9988

% DELETE AVERAGE.OBJ3

If a line of data to be passed to a program must begin with a dollar sign, you must use the
DCL commands DECK and EOD to begin and end the data. For example:

$ FORTRAN MESSAGE

$ LINK MESSAGE

$ RUN MESSAGE

$ DECK

This is a line of data that doesn’t hbedin with a %.
$ 30,02

$ EOD

$ DELETE MESSAGE.DBJ3

In the preceding example, both lines between the DECK and EOD commands are passed to
the program as data.
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1.6.7 Controlling Gommand Procedure Input/Output

You control command procedure input and output (I/O) operations by assigning appropri-
ate values to the system logical names SYS$COMMAND, SYSSINPUT, and
SYS$OUTPUT. The following list describes the rules VAX/VMS uses to assign these
logical names, and explains how you can reassign them to perform special tasks:

e SYSSCOMMAND is the logical name for the source of input to the command inter-
preter. SYS$SCOMMAND does not change: if you execute a procedure interactively,
SYS$COMMAND is assigned to your terminal; if a batch job executes the command
procedure, SYS§COMMAND is assigned to the batch file.

e SYSSINPUT is the logical name for the default input file. When you execute a com-
mand procedure, SYS$SINPUT is assigned to the command procedure file. When pro-
grams request data from the input device, the command interpreter reads from
SYS$INPUT to find the data. Thus, you can change the source of your input data by
reassigning SYS$INPUT.

¢ SYS$OUTPUT is the logical name for the default output file. When you execute a
command procedure, SYS$OUTPUT is assigned to your terminal, unless you use the
/OUTPUT qualifier with the @ (Execute) command. If you submit the procedure as a
batch job, SYS$OUTPUT is assigned to the LOG file associated with the batch job.
The LOG file is written on your login disk area, and when the batch job is completed,
the system queues the LOG file to SYS$PRINT. You can tell VAX/VMS not to print
the LOG file by including the /NOPRINT qualifier with the SUBMIT command.

You can direct interactive command procedures to accept input from your terminal by
temporarily reassigning SYS$INPUT. For example, you could create a command procedure
that runs a text editor for you, lets you edit as much as necessary, and resumes control
when you exit from the editor. The command ASSIGN/USER_MODE places a logical
name in the process logical name table and removes it after the next image (for example, a
DCL command or a program) executing in the process exits.

The following example shows how a command procedure temporarily reassigns
SYS$INPUT to the terminal:

¢ ASSIGN/USER_MODE SYS$COMMAND SYS$INPUT

EDIT/EDT ‘P1‘.FOR

FORTRAN/DEBUG ‘P1’

LINK/DEBUG ‘P1’

ASSIGN/USER_MODE SYS$COMMAND SYS$INPUT
RUN ‘P1°*

By reassigning SYS$INPUT to SYS$COMMAND, this command procedure allows you to
edit a file at your terminal. When you exit from the editor, SYS$INPUT reverts to the
command procedure. The command procedure then compiles and links your program,

including debugging information. Finally, the command procedure runs your program and,
by reassigning SYS$INPUT once again, allows you to interact with the debugger.

# O R
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You can generalize your command procedures by using the INQUIRE, READ, and WRITE
commands. INQUIRE writes a prompt string and accepts a value for a symbol. READ
accepts data from a specified file. WRITE writes a character string to a specified file.

The following example reworks the preceding one so that the command procedure uses the
INQUIRE and WRITE commands to request a file name and write it to the user’s terminal
before performing each operation.

$ INQUIRE FILENAME "File name"

$ ASSIGN/USER_MODE SYS$COMMAND SYS$INPUT

$ EDIT/EDT 'FILENAME’.FOR

$ !

$ WRITE SYS40UTPUT “Comeiling “'FILENAME’"
% FORTRAN/DEBUG ‘FILENAME’1l $ !

$ WRITE SYS$0UTPUT "LinKing ‘‘FILENAME’"

% LINK/DEBUG ‘FILENAME’

s !

$ WRITE SYS4OUTPUT "Running debudder with ‘/FILENAME’"
$ ASSIGN/USER_MODE SYS$COMMAND SYS$INPUT

$ RUN ‘FILENAME’

$ EXIT

1.6.8 Gontrolling Gommand Procedure Execution Flow

Some DCL commands are intended to control the flow of execution in command proce-
dures. The most commonly used flow-control commands are EXIT, GOTO, and
IF...THEN.

e EXIT directs the command interpreter to.stop processing the current command proce-
dure and resume executing commands interactively (or from the next outermost level
of command procedure).

® GOTO tells the command interpreter to change the order in which it processes com-
mands (usually sequential) and to begin processing at a specified label.

e [F...THEN requests evaluation of a condition and performance of an action if the
condition holds.

For example:

$ INQUIRE CHECK "Y to pPurde filess E to exit"
% IF CHECK JEQ8, "E" THEN EXIT

¢ IF CHECK NES. "¥" THEN GOTO BYE

$ PURGE/LOG L[KLEE...1]

$ BYE:

$ LOGOUT

When you execute this command procedure, it prints the following characters on your
‘terminal:

¥ to purde filess» E to exit:

If you respond with E, you exit from the procedure immediately. If you respond with Y, the
next statement executed is PURGE [KLEE...]. If you respond with anything but E or Y,
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including a response of just a RETURN, control is transferred to the first command follow-
ing the label BYE:. This command procedure is a convenient one to use when you log out,
because it reminds you to purge your disk area.

1.6.9 Handling Command Procedure Errors

Two types of errors occur in command procedures: those that result from the command
procedure containing errors, and those that result from an attempt by the procedure to
perform an operation that fails. VAX/VMS provides the SET VERIFY, ON...THEN, and
SET NOON commands and the reserved symbols $STATUS and $SEVERITY to help you
deal with these errors.

The SET VERIFY command can help you discover and correct command procedure execu-
tion errors. When you enter SET VERIFY before executing a command procedure, the
system displays the procedure lines as they are executed. Thus, you can see which com-
mands are executed and in what order, and detect errors as they happen.

You have two options in dealing with command procedure operations that fail. You can
choose to have a certain command executed whenever an error of a specified severity
occurs, using the ON...THEN command. Or you can disable system error checking with
SET NOON, and use the VAX/VMS error status information to decide what action to take.

VAX/VMS provides error status information in the reserved global symbols $STATUS and
$SEVERITY. $STATUS contains a condition code, while $SEVERITY contains only the
severity code, which is the three low-order bits of $STATUS. By VAX/VMS convention, an
odd condition value signals success and an even value signals failure. The codes and their
values are shown in Table 1-5.

Table 1-5: Severity Codes

Value Severity
0 Warning
1 Success
2 Error
3 Information
4 Severe, or fatal, error

You can use an ON...THEN command to specify execution of a DCL command (such as
GOTO) in case of an error. The ON clause names the least severe class of errors for which
the DCL command should be executed. The command interpreter executes the THEN
clause when errors of the named class or errors in more severe classes occur. The severity
levels, in order of increasing severity, are WARNING, ERROR, and SEVERE_ERROR.
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For example, if you want your procedure to stop when an error of any severity level occurs,
use the following command:

$ ON WARNING THEN EXIT

If you were to specify ERROR instead of WARNING, the procedure would exit on errors
and severe errors, but execution would continue if a warning occurred.

You can use the SET NOON command (which is the negation of SET ON) to request the
system not to check $STATUS. The command interpreter continues to load the severity
code into $STATUS, but takes no actions based on its value. Thus, you can act on error
conditions as you prefer.

When you use SET NOON, you usually test $STATUS with the IF...THEN command.
Because an odd integer is evaluated as TRUE and an even integer, as FALSE, you can use
the following command to exit when an error of any severity level occurs:

$ IF NOT. $STATUS THEN EXIT
For more information on using $STATUS and related symbols, and for a full description of

error checking in command procedures, see the Guide to Using DCL and Command Proce-
dures on VAX/VMS.

1.6.10 Submitting Command Procedures in Batch Mode

The SUBMIT command causes the command interpreter to execute your command proce-
dures in batch mode, freeing your terminal for other work. Section 1.6.5 discusses the
method of ‘passing parameters to batch jobs. This section demonstrates how you can get
VAX/VMS to perform the following operations:

¢ Run your batch job at a specific time
¢ Tell you when the batch job has completed
e Print or save the LOG file

The /AFTER qualifier of the SUBMIT command tells VAX/VMS to wait until the time
specified before beginning to execute the batch job. For example, the command
$ SUBMIT/AFTER=17:00 COMPILES

tells VAX/VMS to submit the file COMPILES.COM to the default batch queue at
5:00 P.M.

The /NOTIFY qualifier requests VAX/VMS to ring the bell on your terminal and print a
message informing you that your batch job has been completed. The message also informs
you of the severity level of any error that causes the batch job to be aborted. For example:

$ SUBMIT/NOTIFY COMPILES
The /NOPRINT qualifier tells VAX/VMS not to queue the LOG file for printing. If you do
not specify /NOPRINT, the LOG file is automatically queued to the printer when the batch

job exits, and the LOG file is deleted when it has been printed. If you wish to print the LOG
file but do not want it deleted, specify the /KEEP qualifier.
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The /LOG qualifier allows you to control the creation and location of the LOG file. If you
specify /NOLOG, VAX/VMS does not create a LOG file. If you use /LOG=file-spec,
VAX/VMS creates the LOG file with the name that you specify. For example, the com-
mand

$ SUBMIT/NOPRINT/LOG={] COMPILES

causes VAX/VMS to create a file called COMPILES.LOG on the current default directory.

1.6.11 Login Gommand File

VAX/VMS: recognizes a special command procedure, called a login command file (or sim-
ply a login file), that the system tries to locate:and execute every time you log in. When you
log in, VAX/VMS looks on your default device and directory for a file called LOGIN.COM.
If the file exists, it is executed as an interactive command procedure before: the login
procedure is completed.

The LOGIN.COM file therefore gives you a way to set.up an environment that will be. the
same for every terminal session. For example, you can define logical names that you use in
every session, you can set job and terminal parameters, and so forth. A sample
LOGIN.COM file is shown in the following example:

% DEFINE TOOLS USERD:[KLEE.TDOLS]

% SET TERMINAL /INQUIRE
$ RUN TOOLS:CALENDAR

This LOGIN file defines the logical name TOOLS as' the: subdirectory [KLEE.TOOLS],
which contains some commonly used programs such as CALENDAR.EXE.

For more information on DCL. command procedures, see the Guide to: Using DCL and
Command Procedures on VAX/VMS.
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Chapter 2
Creating and Modifying Programs

The first step in developing a VAX FORTRAN program consists of creating the program’s
source file. The VAX/VMS EDT text editor can be used to perform this operation. This
chapter provides an introduction to the use of EDT.

There are three other sources of information on EDT available to you. The first is the VAX
EDT Reference Manual. The second is the computer-assisted course titled ‘“Introduction to
the EDT Editor” supplied with the VAX/VMS operating system. The third is EDT’s help
facility, described in Section 2.1.1.

2.1 Introduction to EDT

EDT, the DEC Standard Editor, is an interactive general-purpose text editor. It offers two
modes of operation: line mode editing, in which operations are performed on single lines of
text; and character mode editing (also known as change mode editing), in which operations
are performed on characters and words as well as on lines. Line editing is possible on either
hardcopy or video terminals. Character editing, while usable on hardcopy terminals, is
most effective on video terminals.

Line editing, with its English-like commands, is easy for the inexperienced user to learn.
Character editing, while requiring practice, is also very simple. This makes EDT especially
suitable for an inexperienced user who wants to quickly learn how to perform some basic
text-handling operations.

EDT also offers many advanced features for experienced users who use it heavily:

e Multiple text buffers. By default, editing operations take place within a single text
buffer called MAIN. However, you can maintain an unlimited number of alternate
text buffers as “holding areas” for text that you do not necessarily wish to incorporate
in the output file.

¢ Flexible input and output commands. You can copy files into an EDT text buffer after
beginning the editing session, and you can output text buffers (or portions of text
buffers) to files before ending the session.
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e Macro capability. You can create sequences of line editing commands that you invoke
with a single command.

® The ability to define keys for custom character editing applications. For example, a
keypad key can be defined so that it inserts a specified line of text each time it is
pressed. This function is especially useful in programming applications where certain
statements may be repeated frequently.

Finally, EDT protects your text. Should your editing session end in an unexpected manner,
you can recover all your editing operations by reentering the EDT command line with the
/RECOVER qualifier. EDT then “replays” your editing session up to the point of interrup-
tion, using the contents of the journal file that it maintained during the lost session.

. The following subsections introduce EDT"s help facilities and explain how to invoke and
terminate EDT, how to enter and exit editing modes (line mode and character mode), how
to protect and recover text, and how to create a new file.

2.1.1 The Help Facilities

EDT offers on-line help in both line mode and character mode.

In line mode, you invoke the help facility by entering the HELP command. Issued without
parameters, this command displays information on how to get further help, plus a list of
subjects for which help is available. If you enter one of the subjects as a parameter to the
HELP command, EDT displays information on that subject, and possibly another list. For
example:

*HELP DELETE
DELETE

The DELETE (abbreviation: D) command deletes the line specified

Additiornal information available:

/QUERY
*HELP DELETE /QUERY

DELETE

/QUERY

+
Q Quits do not delete anv of the remaining

lines
A Ally delete all of the remaining lines
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In character mode, you obtain help by pressing the HELP key on your keypad; EDT will
display a diagram of the keypad that identifies all of the key functions. You can then
obtain help on an individual function by pressing the key that invokes that function.
(Figure 2-2 shows the location of the HELP key.)

2.1.2 Invoking and Terminating EDT

An editing session begins when you invoke EDT with the EDIT/EDT command and ends
when you terminate EDT with the EXIT or QUIT command.

When you start an editing session, you can specify the name of a new file or the name of an
existing file. In the former case, you can use your editing session to create a new file with
the name that you specified. In the latter case, EDT loads the existing file into its MAIN
text buffer, and you can then add to or modify the text in the file. EDT does not destroy the
contents of the existing file that you are editing; it simply produces a new version, leaving
the old version intact.

2.1.2.1 Invoking EDT
To invoke EDT, issue an EDIT/EDT command in the format

EDIT/EDT[/qualifier...]  file-spec

Qualifiers Defaults
INOJCOMMAND|=file-spec] /COMMAND=EDITINLEDT
[NOJJOURNALI[=file-spec] /JOURNAL-=infile-name.JOU
[NOJOUTPUT =file-spec] /OUTPUT=infile-spec
(INOIREAD /NOREAD__ONLY
[NOIRECOVER /NORECOVER

where:

file-spec

specifies the file to be created or edited. If the file does not exist, EDT creates it.

EDT does not provide a default file type. If you do not specify one, the file type is
null.

/OUTPUT[=file-spec]
supplies an alternate file specification for the output file. By default, EDT creates an
output file upon exit that has the same name and type as the input file and a version
number of 1 (if the input file does not exist) or 1 higher than the highest existing
version (if the input file does exist).

If you specify /NOOUTPUT, EDT does not automatically create an output file when
you issue the EXIT command.
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The remaining qualifiers, which describe specialized editor functions, are described else-
where: the /COMMAND qualifier, in Section 2.4.3; the /JOURNAL, /READ__ONLY, and
/RECOVER qualifiers, in Section 2.1.4.

For convenience, you can issue the following command to equate a short command symbol
(EDT, in this example) to EDIT/EDT:

$ EDT :== "EDIT/EDT"

After you issue this command, the command interpreter will recognize the symbol EDT (or
any other symbol you specify) as equivalent to EDIT/EDT.

When you invoke EDT, the response varies depending on whether the file that you specify
exists. (Other factors, such as commands contained in a startup command file named
EDTINLEDT (see Section 2.5.3), may further alter the response.) If the file does not exist,
EDT so informs you, and prompts you to issue editing commands:

$ EDIT/EDT METRIC.FOR

Input file does not exist

[EQB]
*

The asterisk (*) is EDT’s line editing prompt. When EDT is displaying the asterisk
prompt, you can enter any of the commands listed in Table 2-1.

If the file exists, its first line is displayed instead of [EOBJ:

$ EDIT/EDT METRIC.FOR

1 PROGRAM METRIC
*

NOTE

If you invoke EDT and it does not display an asterisk prompt, you cannot enter
line editing commands. This condition can result when the current default direc-
tory contains a startup command file named EDTINI.EDT that causes EDT to
enter character mode directly. If this happens, you can enter line mode by
typing a <CTRL/Z>. You can override any unwanted effects of a startup com-
mand file by including the /NOCOMMAND qualifier on the command line.

2.1.2.2 Terminating an EDT Session

Use the EXIT command to terminate EDT and create an output file from the contents of
the MAIN text buffer. To override the default output file, you can specify an output file
with the EXIT command, as shown in the following example:

*EXIT ALTNAME,FOR

_DB1:[PROJECTIALTNAME.FOR 1 59 lines
%

The QUIT command terminates EDT without creating an output file. You can use QUIT if
you are simply reading a file without modifying it or if you do not want to save your edits.

The EXIT and QUIT commands are used in both editing modes, and the effects are the
same in both modes. In line mode, you simply type the command name after the prompt
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(*) and then press <RET>. In character mode, you press the GOLD key; then you press the
COMMAND key; then you type the command in response to the prompt; and then you
press the ENTER key.

2.1.3 Entering and Exiting Editing Modes

To change from line mode to character mode, use the CHANGE command (abbreviation
C). When you issue the CHANGE command, the screen first goes blank and then fills with
text. You will find the cursor somewhere on the screen, positioned at the current line or the
line you specified with the CHANGE command. (If the buffer is empty, the cursor and
[EOB] appear at the top of the screen.)

EDT does not display line numbers while in character mode, although it does continue to
assign them as you insert text.

To change from character editing mode to line mode, enter a <CTRL/Z>. This terminates
character editing and causes EDT to display the asterisk prompt. You can then perform
line editing operations or end the editing session, as appropriate.

2.1.4 Protecting and Recovering Text

Three qualifiers to the EDIT/EDT command allow you to protect files against inadvertent
modification and to recover editing operations that have been lost.

The /READ__ONLY qualifier controls whether journaling and the creation of an output file
are enabled. (Specifying /READ__ONLY is equivalent to specifying /NOOUTPUT and
/NOJOURNAL.) /NOREAD__ONLY, the default, allows EDT to create an output file and
a journal file. Use /READ__ONLY in situations where you want to be sure you do not
create a modified file, or for reading a file in a directory where you do not have write
privileges.

The /JOURNAL qualifier allows you to disable (using /NOJOURNAL) or to specify the
name of the journal file that EDT creates to record your editing activity. By default, EDT
creates a journal file with the file name of the input file and a file type of JOU. If the
editing session ends abnormally, EDT can use the contents of the journal file to re-create
the session. If the editing session ends normally (that is, as the result of an EXIT or QUIT
command without a /SAVE qualifier), EDT deletes the journal file.

The /RECOVER qualifier causes EDT to use the contents of a journal file to re-create a
previous editing session, perhaps one that was lost as the result of an accidental
<CTRL/Y> or system problem. If you specify /RECOVER, EDT locates a file with the
same name as the input file and a file type of JOU; then it applies all of the editing
operations recorded in the journal file to the input file. These operations appear on your
terminal as EDT performs them. When EDT has exhausted the contents of the journal file,
the activity on the terminal ceases. You can then continue to edit.

Two notes of caution are necessary. First, it is important for the EDIT/EDT command that
starts a recovery operation to match exactly the command that started the lost session,
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including any special startup command files. The only difference between the two com-
mands should be the /RECOVER qualifier. In particular, the input file must be the same
version that you started with at the beginning of the lost session. Second, note that EDT
does not necessarily recover your session to the exact point where it was lost. A few
keystrokes may be missing, possibly including a partial command sequence. To clear any
partial command sequences, press <CTRL/X> before continuing the editing session.

2.1.5 Creating a New File

To create a new file, you issue an EDIT/EDT command that specifies a file that does not
currently exist in your directory. In character mode, the designation [EOB] appears on the
screen. This indicates that you are currently at end-of-buffer and that any text you insert
will be the only text in the buffer. You can then enter as many line of text as you wish.
When you have finished entering text, terminate your EDT session as described in Section
2.1.2.2,

In line mode, after EDT responds with the asterisk prompt, issue the INSERT command
(abbreviation I) followed by <RET>. The cursor or print head then moves to the right 16
spaces; this space is left by EDT to accommodate line numbers, although none appear at
this stage. You can now enter as many lines of text as you wish. When you are finished
entering text, terminate the insert with <CTRL/Z>.

In line mode, if you do not want EDT to leave space in front of each line for line numbers,
you can issue the SET NONUMBERS command; EDT will then begin each line at the left
margin of the terminal. EDT continues to number lines, but does not display the numbers.
You can restore the line number display later by issuing a SET NUMBERS command.

2.2 Character Mode Editing

EDT’s character mode allows you to perform editing operations at any position in your text
instead of line by line. For most applications, especially those requiring extensive modifica-
tion of existing text, character editing is faster and more straightforward than line editing.
When you use character mode on a video terminal, your screen always contains an accurate
picture of the area of the file in which you are working. The terminal’s cursor shows exactly
where you are at all times.

There are two types of character editing: nokeypad and keypad. Nokeypad character edit-
ing works on all terminals, including hardcopy terminals. It requires you to enter short
commands through the keyboard and terminate each command with a <RET>. Keypad
character editing works on the VT50-, VT100-, and VT200-series video terminals and on
terminals that are compatible with them. In keypad editing, you request editor functions
by pressing keys on the auxiliary keypad; no <RET> is required to terminate the com-
mand. Anything you type on the keyboard, including carriage returns, is inserted into the
file as text.
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This section describes only keypad character editing. To learn about nokeypad character
editing, read the VAX EDT Reference Manual.

The keypads for the VT562, VT100, and VT200 (and compatible) terminals are different.
Therefore, the following description refers to functions rather than to specific keys. It is a
good idea to keep a copy of the appropriate keypad diagram handy while you are learning
character editing. Figures 2-1, 2-2, and 2-3 contain the keypad diagrams for the VT52,
VT100, and VT200, respectively. The numbers or characters shown in the upper right of
each key correspond to what you see on the key.

Note that most keys perform two functions. To use the upper of the two functions shown on
a key, press the key. To use the lower function, press and release the GOLD key before
pressing the function key.

2.2.1 Maneuvering the Cursor

Before performing most character editing operations, you must move the cursor to the
location in the file where you wish the operation to take place. There are many ways to
move the cursor; experience eventually teaches which is best in a given situation.

The LEFT and RIGHT functions move the cursor one character to the left or right. If the
cursor is at the end of a line, the RIGHT function moves it to the beginning of the next line.
Conversely, if the cursor is at the beginning of a line, the LEFT function moves it to the
end of the previous line.

The UP and DOWN functions move the cursor one line up or down. The column position of
the cursor does not change, unless there is no text in the corresponding column above or
below (that is, the line that you are moving to is shorter than the line that you are moving
from). In the latter case, the cursor moves to the end of the line that is above or below.

"The beginning-of-line function, obtained by pressing the BACKSPACE key, moves the
cursor to the beginning of the line in which it is positioned. If the cursor is already at the
beginning of a line, the function moves it to the beginning of the previous line.
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Figure 2-1:

VT52 Keypad
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Figure 2-2: VT100 Keypad
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VT200
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Figure 2-3: VT200 Keypad

The TOP and. BOTTOM functions move the cursor to the beginning and end of the buffer,

respectively.

All the remaining cursor movement functions depend in part. on the ADVANCE: and:
BACKUP functions. The ADVANCE function causes subsequent cursor movement to oc-
cur in the forward direction, that is, toward the end of the buffer. The BACKUP function
causes subsequent. cursor movement to occur in the backward direction, toward the. begin-
ning of the buffer. When character editing: begins, cursor movement is. forward, until

reversed by the BACKUP function.

The following functions depend‘ on the current direction established by ADVANCE and

BACKUP:

PF1, PF2 PF3 ‘PFa
GOLD HELP FNDNXT || DEL ACE.|
A HELP FMT|| FIND UND ACE
7 8 9 -
FIELD © DELW
ADVFIELD _UND W
4 5 6 )
ADVANCE|| BACKUP DEL C.
BOTTOM TOP UND C
:1 ‘2 3
' eoL. ||
- WORD || peL EOL ;
- ! ENTER
0. * :
OVER.ACE
INSERT ITEM

¢ The CHAR function moves: the. cursor one: character.

e The WORD: function moves the cursor to the beginning of the. next. or previous word

(the end-of-line character is considered a word)..

¢ The LINE function moves the cursor to the beginning of the next line, if the current
direction is forward. If backward, the LINE function moves the cursor to the beginning
of the line in which the cursor is positioned, or, if the cursor is at the beginning of a
line, to the. beginning of the previous. line..

¢ The EOL (for end-of-line) function moves the cursor to the next or previous end-of-line

character.

ZK-1758-84
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¢ The SECT (for section) function moves the cursor one 16-line section.

* The PAGE function moves the cursor to the next or previous page mark (by default, a
form feed).

All of these cursor movement functions can be combined with a repeat count, causing the
function to be repeated a specified number of times. To enter a repeat count, press the
GOLD key, then type in the count on the keyboard (not keypad) number keys, then type in
the function to be repeated. As you enter the repeat count, the numbers appear on the
screen below the area reserved for text. The numbers disappear as soon as you enter the
function.

You can also use FIND and FNDNXT (for find next) to move the cursor to a certain string.
To find a string, enter the FIND function. EDT prompts you for a search string. Type the
search string without delimiters, and terminate it with either the ADVANCE or BACKUP
function to determine the direction of search. ED'T moves the cursor to the beginning of the
search string. If the search string is not found, EDT issues a message and does not move the
cursor.

The FNDNXT function finds the next occurrence of the current search string in the current
direction. The current search string is the last string you entered with the FIND function.

Note that you can locate strings that include carriage returns with the FIND function.
Simply enter the carriage return as part of the search string. The carriage return does not

terminate the search string; you do that with the ADVANCE or BACKUP function. EDT
echoes a carriage return in a search string as "M,

2.2.2 Inserting New Text

Once the cursor is positioned, you can insert text in front of it simply by typing the text on
the keyboard. No command is required and whatever you type becomes part of the file.
Your insertion appears on the screen as you type it, and the surrounding text moves as
necessary to accommodate it.

When you insert text at the beginning or in the middle of a lin€, the end of the line may
disappear off the edge of the screen. The text is not lost, however: if you enter a carriage
return in the text you are typing, the text appears on the next line. To avoid this problem,
you can use the OPEN LINE function. When the cursor is at the beginning of a line, OPEN
LINE provides a blank line above that line, and positions the cursor at the beginning of the
blank line.

As you type new text, you may notice errors in surrounding text. You can move the cursor
to these errors and correct them at any time, and then move the cursor back and continue
to insert text.

2.2.3 Deleting and Undeleting Text

EDT character editing provides several methods of deleting text in units of varying sizes.
EDT also maintains three buffers to contain text that has been deleted. The character
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buffer contains the last character deleted; the word buffer contains the last word deleted;
and the line buffer contains the last line deleted. You can insert the contents of each of
these three buffers at the cursor position by using the UND C, UND W, and UND L
functions, respectively. There is no limit to the time or number of operations between a
delete operation and the undelete operation that reinserts the deleted text. Furthermore,
you can undelete one unit of text as many times as you wish, and at any locations you wish.

The DEL C (for character) function deletes the character at which the cursor is positioned,
and moves the cursor to the next character. The DELETE key on the keyboard deletes the
character before the cursor position (the last character typed, if you are inserting text) and
does not change the cursor position. Both of these functions move the deleted character
into the character buffer, from which it can be retrieved by using the UND C function.

The DEL W (for word) function deletes from the current cursor position to (but not
including) the first character of the next word. The LINE FEED key on the keyboard
deletes from (but not including) the cursor position back to the first character of the
current word. Both of these functions move the deleted text into the word buffer, from
which it can be retrieved by using the UND W function.

The DEL L (for line) function deletes from the cursor position through the next end-of-line
character. The DEL EOL (for end-of-line) function is similar, except that it does not delete
the end-of-line character. Typing <CTRL/U> deletes from (but not including) the cursor
position to the beginning of the current line. All of these functions move the deleted text
into the line buffer, from which it can be retrieved by using the UND L function.

2.2.4 Moving Text

Character editing provides two basic methods of moving text. The first is available through
the three undelete functions. You can delete a unit of text from one location, move the
cursor to another location, and undelete the text there. However, this method is only
effective for units that can be deleted by the various functions described in Section 2.2.3.
To move larger or more precise blocks of text, use CUT and PASTE. These two functions
allow you to ‘“‘cut” any amount of contiguous text from one location and “paste” it else-
where.

The first step is defining the text to be moved. To do this, move the cursor to either the
beginning or end of the text and enter the SELECT function. Then move the cursor to the
other extremity of the text. In so doing, you create a select range, that is, all of the text
between the cursor position and the position at which you entered the SELECT function.
On VT100 and VT200 terminals, EDT highlights the select range with reverse video. If you
make a mistake while you are defining the select range, enter the RESET function to
cancel the select range currently in effect.

Once you have defined the select range, enter the CUT function. The text within the select
range disappears. (EDT moves it into a text buffer named PASTE.) Move the cursor to the
position at which the text is desired, and enter the PASTE function. The text appears at
the cursor position.
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You can paste the cut text in as many locations as required. Specifically, you can paste the
text as soon as you cut it, then move the cursor and paste the text again. This is in effect a
copy operation.

Each CUT operation destroys the previous contents of the PASTE buffer and replaces
them with the select range. To add the select range to the contents of the PASTE buffer,
use the APPEND function.

‘The PASTE buffer is an ordinary EDT text buffer. You can edit within it, load it from a file
with the INCLUDE command, or create a file from its contents with the WRITE com-
mand.

’

2.3 Line Mode Editing

To edit an existing file in your directory, issue an EDIT/EDT command that specifies its
name. (To edit a file from a directory other than your own, see Section 2.3.10). EDT
displays the first line in the file, as shown in the following example:

$ EDIT/EDT EXAMPLE.TXT

1 This is the first line of EXAMPLE.TXT
*

The number 1 to the left of the line is the line number. It is not part .of the file. The file
starts with the word ‘“This.”

The line displayed is the current line. EDT uses the current line as the default in many of
its operations. For example, an INSERT command that does not specify a range causes
EDT to insert text in front of the current line.

The concept of “range” is central to all EDT line editing operations. The next section
describes ways of specifying range. The sections that follow describe the most common and
useful line editing operations.

2.3.1 Line Editing Command Summary

When you invoke EDT, and throughout your editing session, EDT prompts you to enter
line editing commands by displaying an -asterisk. For example:
$ EDIT/EDT METRIC.FOR
1 PROGRAM METRIC
*
Table 2-1 describes briefly (in alphabetical order) the most useful commands that you can

enter in responseé to the line editing prompt {*). Each command has a :smallest acceptable
abbreviation, .shown in bold type in the table.

All line editing commands are terminated with a <RET>. Most of the commands allow or
require you to specify a range or ranges; the range specification tells EDT where the action
of the command should take place. Section 2.3.2 summarizes range specifications, and the
command examples show various ways of specifying a range.
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Table 2-1:

Summary of Line Editing Commands

Command

Function

CHANGE [range]
CLEAR

COPY [rangel] TO [range2]
/QUERY]

DEFINE { KEY | MACRO }

DELETE [range] /QUERY]
EXIT (file-spec]

FILL [range]

FIND range
HELP [topic ...]

INCLUDE file-spec [range]
INSERT [range]

MOVE [rangel] TO [range2]
[/QUERY]

PRINT file-spec [range]
QUIT [/SAVE]

REPLACE [range]

RESEQUENCE [range]
SET [parameter}
SET(INOINUMBER]
SHOW [parameter]

SUBSTITUTE
/string1/string2/[range]
/QUERY]

Invokes character mode editing for specified buffer
Deletes the contents of a text buffer

Copies lines specified by rangel to a location in an EDT
buffer specified by range2; does not delete lines from origi-
nal location

Defines a new or revised key function for character mode
editing, or defines a macro name

Deletes a specified line or lines

Terminates EDT, saving the contents of the text buffer
MAIN as the output file

Reformats a block of text, filling lines with the maximum
number of full words without exceeding the right margin

Establishes the first line in range as the current line

Displays information on the specified EDT command or
function

Copies an external file to a location in a text buffer speci-
fied by range

Opens a text buffer for the insertion of text at the location
specified by range

Moves lines specified by rangel to the location specified by
range2, deleting the lines from the source location

Creates a listing file with the specified file name

Terminates EDT without creating an output file, optionally
saving the journal file

Deletes specified lines from a text buffer and leaves the
buffer open for insertion of text

Assigns new line numbers to a range of lines
Sets a variety of editor operating parameters
Enables/disables the display of line numbers
Displays specified editor operating parameters

Replaces stringl with string 2, either in the current line or
in the specified range
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Table 2-1 (Cont.): Summary of Line Editing Commands

Command Function

[SUBSTITUTE] NEXT Replaces stringl with string2, based either on the strings
[/string1/string2] specified or on the previous SUBSTITUTE command
TAB ADJUST [-In [range] Shifts each line in a range of lines by a specified number of

logical tab stops

[TYPE] [range] Displays specified lines and makes the first line in range
the current line; the default command

WRITE file-spec [range] Moves a copy of specified text from a buffer to a file

2.3.2 Specifying Line Ranges

A range is the line or lines on which EDT performs an operation. A range specification is a
description of a range in terms that EDT can understand. All the line editing commands
(except SUBSTITUTE NEXT) described in the sections that follow accept one or more
range specifications, although many do not require one.

The simplest range specification identifies a single line of text. A line can be located by its
position in the file relative to the current line, by a text string that it must contain, or by its
line number.

When you insert lines of text in a new file, or when EDT loads an existing file into its
MAIN buffer, each line of the file receives a number. The numbering starts with 1 and is
incremented by 1s. If you insert lines of text between existing lines, EDT numbers the new
lines using appropriate decimal increments. This technique ensures enough unique line
numbers to cover any reasonable editing operation. EDT displays the line numbers when-
ever it displays text, unless you have issued the SET NONUMBERS command. In that
case, EDT does not display line numbers, but it does continue to assign them.

Single-line range specifications are listed in Table 2-2; examples appear below the table.
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Table 2-2: Single-Line Range Specifications

Specification Meaning
The current line
number The line specified by the number

‘string ~ or "string"

-’string” or -"string"

The next line containing the string you specify

The preceding line containing the string you specify

[range] { + | ~ } [number] The line that is the specified number of lines after (or before, if
minus) the single line specified by range (range defaults to the
current line; number defaults to 1)

BEGIN The first line in the text buffer

END An empty line (designated by [EOB]) following the last line of
text in the text buffer

Examples:

Specification Meaning

20.6 The line numbered 20.6

"EQUIVALENCE" The next line that contains the string EQUIVALENCE

"-D_FLOATING COMPLEX"

-6
"SUBROUTINE"+4

The first preceding line that contains the string
D_FLOATING COMPLEX

The line six lines before the current line

The line four lines after the line that contains the string
SUBROUTINE

When EDT searches for a string, the case of the search string need not match the case of
the target. For example, record is a match for RECORD or Record. This condition is the
default; you can change it with the SET SEARCH command.

There are several methods available for specifying a range of more than one line. They are
listed in Table 2-3; examples appear below the table.
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Table 2-3:

Multiple-Line Range Specifications

Specification

Meaning

[rangel] { : | THRU } [range2]

[range] { # | FOR } number

BEFORE
REST
WHOLE

range, range...

The set of lines from rangel through range2, which are sin-
gle line range specifications (the default for both rangel
and range2 is the current line)

The specified number of lines beginning with the single line
specified by range (the default for range is the current line)

All lines in the buffer that precede the current line
The current line and all lines in the buffer that follow it
The entire buffer

All lines specified by each single line range

or
range AND range AND...

[range] ALL ‘string’ All lines in the range containing the specified string (the

default for range is the entire buffer)

Examples:

Specification Meaning

2:6.5 Lines 2 through 6.5, inclusive

"STRUCTURE "#5 The line containing the string STRUCTURE and the

four lines following it, for a total of five lines

-10:. The line 10 lines before the current line through the
current line, inclusive

All lines from line 10 through line 50 that contain the
string READ

Most range specifications can be combined with a text buffer specification. During your
editing session, you may wish to hold and edit text in buffers other than MAIN. To create
and gain access to alternate buffers, include the name of the buffer in a range specification,
using the following syntax:

10:50 ALL ‘READ’

=buffer [range]
or
BUFFER buffer [range]

In this syntax, ‘“buffer”’ stands for the name of the buffer. It can be from 1 to 30 alphanu-
meric characters, but it must start with an alphabetic character. If you include a range of
lines following the buffer name, you specify the range within the named buffer. If you omit
the range specification, you specify either the entire named buffer or its first line, depend-
ing on context.
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The following examples show buffer specifications in use.

Specification Meaning

=PROG1 The entire contents of the text buffer named
PROGI, or (for commands requiring a single-line
range specification) its first line

=INC'STRUCTURE ": 'END The lines that contain the strings STRUCTURE

STRUCTURE’ and END STRUCTURE in the text buffer named
INC, and all lines between

=COM ALL ‘LOGICAL’ All lines that contain the string LOGICAL in the

buffer named COM

2.3.3 Displaying Lines of Text

The TYPE command and a RETURN in response to the asterisk prompt are the two
methods of displaying text.

TYPE Gommand

The TYPE command, followed by a range, causes EDT to display the line or lines in the
range and resets the current line to the first (or only) line displayed. The word TYPE
(abbreviation T) is optional; it does not need to be entered. For example:

*T 1:3
1 This is the first line of EXAMPLE.TXT
2 This is the second line of EXAMPLE.TXT
3 This is the third line of EXAMPLE.TXT
*4#?2
4 This is the fourth line of EXAMPLE.TXT
5 This is the fifth line of EXAMPLE.TXT

*

If you do not include the word TYPE and the range specification begins with an alphabetic
character (such as WHOLE or REST), you must precede it with a percent sign (%).
Otherwise, EDT tries to interpret the range specification as a command. For example:

*REST

Urirecodgnized command

*AREST
4 This is the fourth line of EXAMPLE.TXT
3 This is the fifth line of EXAMPLE.TXT
B This is the sixth line of EXAMPLE.TXT
7 This is the seventh line of EXAMPLE.TX

*

To cancel any form of type command while text is being displayed, enter a <CTRL/C>.
This operation does not cause repositioning; the first line displayed remains as the current
line.
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RETURN

A RETURN in response to the asterisk prompt displays the line following the current line
and sets the current line to the displayed line. A series of returns, therefore, displays
successive lines and sets the current line to the displayed line each time. This is an easy
way to work through a file line by line. For example:

*4RET >

S This is the fifth line of EXAMPLE.TXT
*4RET >

G This is the sixth line of EXAMPLE.THKT

*

2.3.4 Maneuvering in a File

The FIND command (abbreviation F) locates a specified line without displaying it. It is
useful for setting the current line to the top of a large block of text that would be cumber-
some to display on the terminal. For example, each of the following commands resets the
current line to the top of the MAIN text buffer:

*=MAIN
*F =MAIN

However, the first command (an implied TYPE command) displays the entire contents of
the MAIN text buffer. The second command just sets the current line and displays an
asterisk prompt.

If you specify a range that EDT cannot locate, EDT issues a message and does not change
the current line setting.

2.3.5 Inserting New Text

The procedure for inserting new text in a buffer already containing text is exactly the same
as that for inserting text in an empty buffer (see Section 2.1.5), except that you can control
where the text goes by including a range specification with the INSERT command. The
lines you insert are placed in front of the line you specify. If you specify multiple lines, the
insert goes in front of the first line in the range. If you omit the range specification, the
insert goes in front of the current line.

In the following example, the INSERT command causes EDT to insert text in front of line
5 in the current buffer. Then, the range specification (an implied TYPE command) causes
EDT to display lines 4 through 6, showing the result of the insertion.
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*I 5
First insert line
Second insert line
Third insert line
“CTRL/Z» "2

* 4:6
4 This is the fourth line of EXAMPLE.THT
4,1 First insert line
4,2 Second insert line
4,3 Third insert line
S This is the fifth line of EXAMPLE.TXT
[} This is the sixth line of EXAMPLE.TX

NOTE

EDT, which inserts text in front of the current line, is different from many other
text editors that insert text following the current line.

2.3.6 Deleting and Replacing Text

Use the DELETE command (abbreviation D) to delete a specified rénge. If you omit the
range, the DELETE command deletes the current line. After a delete operation, EDT
displays the line following the last line deleted; this is the new current line. For example:

#*D 4,1#2
2 lines deleted
4.3 Third insert line
*D
1 line deleted
3 This is the fifth line of EXAMPLE.TXT

*

The /QUERY qualifier to the DELETE command causes EDT to prompt you before delet-
ing each line of the range. The prompt is a question mark (?). You can respond to the
prompt in one of four ways:

Y (yes) Delete this line

N (no) Do not delete this line

A (all) Delete all remaining lines in the specified range
Q (quit) Quit the delete operation

The REPLACE command (abbreviation R) deletes a specified range and allows you to
insert lines to replace those deleted. You terminate the insertion with a <CTRL/Z>, just as
with the INSERT command. '
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2.3.7 Moving Text

The COPY and MOVE commands (abbreviations CO and M, respectively) allow you to
move one or more lines of text from one place in the buffer to another, or from one buffer to
another. The effect of these commands is similar; the only difference is that the COPY
command does not delete the text from its original location, whereas the MOVE command
does.

The following example illustrates both commands, as well as alternative ways of specifying
a range: ‘

*ZWHOLE
i This is the first line of EXAMPLE.TXT
2 This is the second line of EXAMPLE.TXT
3 This is the third line of EXAMPLE.TXT
4 This is the fourth line of EXAMPLE.TXT
5 This is the fifth line of EXAMPLE.TXT
G This is the sixth line of EXAMPLE.TXT
7 This is the seventh line of EXAMPLE.TXT

*COPY 1:3 TO ‘SIXTH’
3 lines coried

*5:6
) This is the fifth line of EXAMPLE.TXT
S This is the first line of EXAMPLE.TXT
5.2 This is the second line of EXAMPLE.TXT
5.3 This is the third line of EXAMPLE.TX
G This is the sixth line of EXAMPLE.TXT

*M 5,143 TO BEGIN
3 lines moved
*7WH
1 This is the first line of EXAMPLE.TX
0.2 This is the second line of EXAMPLE.TX
3 This is the third line of EXAMPLE.,TXT
This is the first line of EXAMPLE.,TXT
This is the second line of EXAMPLE,TXT
This is the third line of EXAMPLE.,TXT
This is the fourth line of EXAMPLE.THT
This is the fifth line of EXAMPLE.TXT
This is the sixth line of EXAMPLE.TXT
This is -the seventh line of EXAMPLE.TXT

L[5 B =R & I B e ]

~N @

*

The /QUERY qualifier to either COPY or MOVE causes EDT to prompt you before copying
or moving each line of the range. It operates the same way as the /QUERY qualifier to
DELETE (see Section 2.3.6).

2.3.8 Substituting Text

Two commands, SUBSTITUTE and SUBSTITUTE NEXT, substitute one string for an-
other within a line or lines. These are the only line editing commands that can alter text
within a line, as opposed to changing the entire line. The SUBSTITUTE command (abbre-

2-20  Creating and Modifying Programs



viation S) operates on the current line or on a specified range; the SUBSTITUTE NEXT
command (abbreviation N) makes a substitution at the next opportunity within the buffer.

The format of the SUBSTITUTE command is:
SUBSTITUTE /string1/string2/[range] [/QUERY]

The command finds stringl and substitutes string2 for it. If you do not specify a range, the
substitution takes place in the current line. If you do, the command makes every substitu-
tion within the range. The following example illustrates the command first without and
then with a range specified:

*1
1 This is the first line of EXAMPLE.TXT
*S /first/1st/
1 This is the 1st line of EXAMPLE.TXT
1 substitution
#5 /of/in/d:6 K
4 This is the fourth line in EXAMPLE.,TXT
5 This is the fifth line in EXAMPLE.TXT
B This is the sixth line in EXAMPLE.TXT

3 substitutions
*

Slashes (/) are not the only characters you can use to delimit stringl and string2. Any
nonalphanumeric character will work, as long as the delimiters are matched and do not
occur in either string. For example, the following command substitutes the string A/3 for
A/2 in the current line, using dollar signs ($) as delimiters:
%S $A/2%$A/3%

25 SIZE = A/3

1 substitution
*

The /QUERY qualifier to SUBSTITUTE causes EDT to prompt you before making each
substitution. It operates the same way as the /QUERY qualifier to DELETE (see Section
2.3.6).

The SUBSTITUTE NEXT command (abbreviation N) substitutes for the next occurrence
of stringl that it finds in the buffer. If you specify neither stringl nor string2, the command
takes the values of both strings from the last SUBSTITUTE command you issued. For
example:
*N / in/ of/

4 This is the fourth line of EXAMPLE.TXT
*N

95 This is the fifth line of EXAMPLE.TXT
*

2.3.9 Input From and Output To Files

Two EDT commands, INCLUDE and WRITE, allow you to incorporate text from files and
output text to files during your editing session.
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INCLUDE Gommand

The INCLUDE command (abbreviation INC) incorporates the contents of a file at a
specified location in a text buffer. If you do not want the entire file incorporated in the
MAIN text buffer, you can specify an alternate buffer as the range and then copy the
desired portions of the file to their proper places in MAIN. For example:

*INC SBRTNES,FOR =85UBS
*

This command creates a buffer called SUBS and fills it with the contents of the file
SBRTNES.FOR from the EDT default directory (that is, the directory of the input file
given with the EDIT/EDT command).

WRITE Command

The WRITE command (abbreviation WR) creates a file by copying the contents of a
specified range in a text buffer. The text is not deleted from the text buffer and EDT does
not terminate following the operation. If you do not specify a range with the command,
EDT outputs the entire contents of the current text buffer. The following example shows
the command used with a range:

*WR ROUTINE1.FOR =SUBS ‘SUBROUTINE’: END’

-DB1:LPROJECTIRDUTINEL ,FOR31 45 lines
*

This command creates the file ROUTINE1.FOR from the lines that contain the strings
SUBROUTINE and END in the buffer named SUBS, and all lines in between.

Unless you include a directory in the file specification, WRITE always creates the file in
your current default directory. This is true even if the input and output files are in another
directory.

2.3.10 Editing a File From Another Directory

You can edit a file that exists in another directory and use the /OUTPUT qualifier to
EDIT/EDT to direct the output file to your directory. However, EDT uses the directory of
the input file that you specify in the EDIT/EDT command line as its default directory.
This default has the following effects:

e EDT attempts to create its journal file in its default directory, that is, in the other
directory. If you do not have the privilege to do this, EDT issues an error message and
terminates. You should instead use the /JJOURNAL qualifier to place the journal file in
your directory. (See Section 2.1.4 for a description of the journal file and /JOURNAL.)

¢ If you issue an INCLUDE command and do not specify a directory, EDT attempts to
locate the file in its default directory, that is, in the other directory. To specify a file in
your own directory, use a directory specification with INCLUDE.
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In the following example, a user with the directory [WYLBUR] edits a file from the direc-
tory [PROJECT]:

$ EDIT/EDT [PROJECTIDATADEF,FOR -

_% /DUTPUT=CWYLBUR] /JOURNAL=LWYLBUR]

’

.

*INCLUDE [WYLBURIENTRIES.FOR

The input file for this editing session is [PROJECTIDATADEF.FOR; the output file is
(WYLBURIDATADEF.FOR. The INCLUDE command incorporates a file from directory
IWYLBUR]. If the INCLUDE command had not specified a directory, EDT would have
looked for the file [PROJECT]JENTRIES.FOR.

2.4 EDT Aids for the Programmer

In addition to the general-purpose editing operations discussed in Section 2.1, EDT pro-
vides some advanced functions that are especially useful for programming. The following
sections introduce some of these.

2.4.1 Structured Tabs

Although FORTRAN is a free-form language, in which excess spaces and tabs have no
significance, it is common practice to indent lines to indicate the relationship of state-
ments. It is laborious to enter repeatedly the correct combination of tabs and spaces to
achieve the desired indention. EDT solves this problem by providing a system of structured
tabs in character mode editing. While you are inserting text, a depression of the tab key
inserts the correct combination of tabs and spaces to bring the cursor to the desired
column. When you need to begin lines at a different column, you can increase or decrease
the indention level to move the starting column to the right or left, respectively, by a preset
increment.

To use the structured tab feature, follow these steps:
1. While in line mode, set the increment between tabs by issuing the SET TAB com-
mand with a suitable value. For example:

*SET TAB 4
*

At this point, the first <TAB> on a line (while in character mode) positions the
cursor at column 5. Subsequent tab stops are at the normal locations.

2. When you want to change the indention level, use <CTRL/E> or <CTRL/D>. Each
depression of <CTRL/E> increases the indention by one increment; the first tab stop
is n spaces further to the right, where n is the number you gave with the SET TAB
command. Pressing <CTRL/D> decreases the indention level.
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3.

If you want to set the indention level to correspond to a given column, position the
cursor at that column and press <CTRL/A>. The column must be at an even multi-
ple of n spaces from the left edge of the screen.

If you want to change the indention of a block of lines, first define a select range that
includes the lines to be shifted. (To define a select range, position the cursor at one
end of the block of lines, enter the SELECT function, and then position the cursor at
the other end.) Then enter a repeat count (the GOLD key followed by a number
typed on the keyboard) to indicate how many units of n spaces the lines should be
shifted. A positive repeat count shifts the lines to the right; a negative repeat count
shifts the lines to the left. Finally, press <CTRL/T>.

Before you enter <CTRL/T'> at the EDT command level, note that you must disable
the DCL <CTRL/T> if you want the EDT <CTRL/T> to take effect. You establish
the DCL <CTRL/T> mode with the SET [NOJCONTROL=T command.

2.4.2 Special-Purpose Key Definitions

EDT allows you to redefine the functions invoked by all the keys on the auxiliary keypad
and many control characters as well. There are two ways to redefine a key’s function:

e While in character mode, press <CTRL/K>. EDT prompts you to press the key you

wish to define. Once you have pressed the key, EDT prompts you to enter the new
function. You can do this either by typing the nokeypad commands that make up the
function, or by pressing the keypad keys that correspond to the functions you require.
You must follow the function specification with a period. The ENTER function termi-
nates a definition of this type.

e While in line mode, issue the DEFINE KEY command. You define the new function to

perform as a string of nokeypad character editing commands, followed by a period.
The string and period must be enclosed in quotes.

Key redefinition requires a good grasp of nokeypad character editing syntax, as well as a
good deal of practice. The EDT help facility (particularly HELP DEFINE KEY and HELP
CHANGE SUBCOMMANDS) and the VAX EDT Reference Manual are good sources of
information. However, this section describes one common application: the redefinition of a
key to insert a string of text.

While writing a program, you may find that you are typing the same group of words over
and over. For example, you might get tired of typing CHARACTER*. In character mode,
follow this procedure to define a key to insert the string CHARACTER*:

1.

2-24

Press <CTRL/K>. EDT prompts you as follows:
Press the Key vou wish to define

Select a function that you do not use often, for example, SPECINS. You might also
select a control character. Enter the function or control character. EDT then
prompts you as follows:

Now enter the definition terminated by ENTER
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3. Type the following:
iCHARACTER*<CTRL/Z 3,
(The period is required syntax.)
4. Press ENTER to terminate the definition procedure.

For the remainder of the editing session, the key that used to invoke the SPECINS function
will instead insert the string CHARACTER* at the cursor position.

In line mode, you can redefine a key by using the DEFINE KEY command. To identify a
keypad key in the command, you use a number. You can find out which numbers are
assigned to which keys by issuing the command HELP DEFINE KEY VT52 or HELP
DEFINE KEY VT100. These commands display the numbers assigned to keypad keys on
the respective terminals.

Next, you issue a DEFINE KEY command, specifying the key and the function you wish
the key to perform. The following example redefines the SPECINS function (GOLD/3 on a
VT100) to insert the string CHARACTER*:

#DEFINE KEY GOLD 3 AS "iCHARACTER*"Z."
*

The quotes and period are required syntax. The “Z is not a <CTRL/Z>, but a circumflex
followed by a Z; it indicates the end of an inserted string. or the remainder of the editing
session, GOLD/3 will insert the string CHARACTER+ at the cursor position.

The preceding examples represent only a small fraction of the capabilities of key redefini-
tion. With practice, you can create powerful custom functions that can save you a great
deal of time. You may want to store these functions in a startup command file so that you
will not have to define them each time you begin an editing session. The next section
describes startup command files.

2.4.3 Startup Command Files

When you invoke EDT, it searches your current default directory for a file named
EDTINLEDT. If EDT finds such a file, it executes the line editing commands contained in
the file before turning control over to you. This function allows you to customize EDT to
suit your needs. Some of the commands that a startup command file might contain are:

¢ DEFINE KEY. These commands redefine the function invoked by a keypad key or
control character while in character mode. (See Section 2.4.2.)

* DEFINE MACRO. These commands associate a name with a sequence of line-editing
commands stored in a text buffer. You can then invoke the sequence by entering the
macro name in response to the line-editing asterisk prompt.

o INCLUDE. These commands bring text from a file into a text buffer. You might use
them to load macros into a buffer, or to fill a buffer with text that you often use. (See
Section 2.3.9.)
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o SET. These commands establish EDT operating parameters. Particularly useful are
SET TAB, which establishes the increment for structured tabs, and SET MODE
CHANGE, which causes EDT to enter directly into character mode. (Section 2.4.1
describes the use of structured tabs.)

You can use the /COMMAND qualifier to the EDIT/EDT command to cause EDT to
search for a file other than EDTINI.EDT. This means that you can have several startup
command files, each designed for a particular application. You may want to include a
command in your login command procedure file (see Section 1.6.11) to equate a short
mnemonic to an EDIT/EDT command that invokes a special startup command file. For
example, if you have the following line in your login command file:

EDP :== "EDIT/EDT/COMMAND=FORT.EDT"

then the comand
EDP METRIC.FOR

invokes EDT with the startup command file FORT.EDT to edit the file METRIC.FOR.
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Chapter 3
Gompiling FORTRAN Programs

This chapter describes how to use the FORTRAN command to compile your source pro-
grams into object modules. The following topics are discussed:

e The functions of the compiler (Section 3.1)

e The syntax of the FORTRAN command and its qualifiers (Section 3.2)
e The use of text libraries (Section 3.3)

e The Common Data Dictionary (CDD) (Section 3.4)

¢ Compilation control statements (Section 3.5)

* Compiler diagnostic messages and error conditions (Section 3.6)

3.1 Functions of the Compiler

The primary functions of the VAX FORTRAN compiler are as follows:

¢ To verify the FORTRAN source statements and to issue messages if there are any
errors

* To generate machine language instructions from the source statements of the FOR-
TRAN program

* To group these instructions into an object module for the linker

When the compiler creates an object file, it provides the linker with the following informa-
tion:

* The program unit name. This is taken from the name specified in the PROGRAM,
SUBROUTINE, FUNCTION, or BLOCK DATA statement in the source program. If a
program unit does not have any of these statements, the source file name, with
“$MAIN” (or “$DATA”, for block data subprograms) appended, is used.

o A list of all entry points and common block names that are declared in the program
unit. The linker uses this information when it binds two or more program units to-
gether and must resolve references to the same names in the program units.
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¢ Traceback information. This is used by the system default condition handler when an
error occurs that is not handled by the program itself. The traceback information
permits the default handler to display a list of the active program units in the order of
activation, which aids program debugging.

» If specifically requested (with the /DEBUG qualifier), a symbol table. A symbol table
lists the names of all external and internal variables within a module, with definitions
of their locations. The table is of primary use in program debugging.

The linker is described in Chapter 4.

3.2 The FORTRAN Command

The FORTRAN command initiates compilation of a source program.
The command has the form:
$ FORTRAN([/qualifiers] file-spec-list[/qualifiers]

where:

/qualifiers

Indicates either special actions to be performed by the compiler or special properties
of input or output files.

file-spec-list
Specifies the source file(s) containing the program unit(s) to be compiled. You can
specify more than one source file. If source file specifications are separated by com-

mas, the programs are compiled separately. If source file specifications are separated
by plus signs, the files are concatenated and compiled as one program.

In interactive mode, you can also enter the file specification on a separate line by typing
the command FORTRAN, followed by a carriage return. The system responds with the
prompt:

~File:

Type the file specification immediately after the prompt and then type RETURN.

3.2.1 Specifying Input Files

In specifying a list of input files on a FORTRAN command, you can use abbreviated file
specifications for those files that share common device names, directory names, or file
names. The system applies temporary file specification defaults to those files with incom-
plete specifications. The defaults applied to an incomplete file specification are based on
the previous device name, directory name, or file name encountered in the list.
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For example, assume that the current default device and directory name are
USR2:IMONROE]. The following FORTRAN command shows how temporary defaults are
applied to a list of file specifications:

$ FORTRAN USR1:[ADAMSITEST!.TESTZ,[JACKSONISUMMARY »USR3:[FINALJ

The preceding FORTRAN command compiles the following files:

USR1:CADAMSITEST1.FOR
USR1:[ADAMSITESTZ2.,FOR
USR1: L JACKSONISUMMARY .FOR
USR3: [FINALISUMMARY .FOR

To override a temporary default with your current default directory, specify the directory
as a null value. For example:

$ FORTRAN [ALPHAITEST1, [ITESTZ2

In this case, the empty brackets indicate that the compiler is to use your current default
directory to locate TEST2.

You must use /LIBRARY qualifiers in your FORTRAN command if text libraries are
accessed by programs in the source files that you specify. The LIBRARY qualifier is
discussed at length in Section 3.3.3.

3.2.2 Specifying Output Files

The output produced by the compiler includes the object and listing files. You can control
the production of these files by using the appropriate qualifiers in the FORTRAN com-
mand.

The compiler generates an object file by default. In interactive mode, the compiler does not
generate listing files; you must use the /LIST qualifier to generate the listing file. In batch
mode, however, the compiler generates a listing file by default. To suppress it, use the
/NOLIST qualifier.

During the early stages of program development, you may find it helpful to use the
/NOOBJECT qualifier to suppress the production of object files until your source program
compiles without errors. If you do not specify /NOOBJECT, the compiler generates object
files as follows:

e If you specify one source file, one object file is generated.

e If you specify multiple source files, separated by commas, each source file is compiled
separately and an object file is generated for each source file.

e If you specify multiple source files, separated by plus signs, the source files are conca-
tenated and compiled, and one object file is generated.

You can use both commas and plus signs in the same command line to produce different
combinations of concatenated and separate object files (see Example 4).
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To produce an object file with an explicit file specification, you must use the /OBJECT
qualifier, in the form /OBJECT=file-spec (see Section 3.2.3.14). Otherwise, the object file
has the name of its corresponding source file and a file type of OBJ. By default, the object
file produced from concatenated source files has the name of the first source file. All other
file specification fields (node, device, directory, and version) assume the default values.

The following examples show a variety of FORTRAN commands. Each command is fol-
lowed by a description of the output file(s) it produces.
1. $ FORTRAN/LIST AAABBB:CCC

Source files AAA.FOR, BBB.FOR, and CCC.FOR are compiled as separate files, pro-
ducing object files named AAA.OBJ, BBB.OBJ, and CCC.0OBJ; and listing files named
AAA.LIS, BBB.LIS, and CCC.LIS.

2. $ FORTRAN XXX+YYY+Z2Z
Source files XXX.FOR, YYY.FOR, and ZZZ.FOR are concatenated and compiled as

one file, producing an object file named XXX.0BJ, but no listing file. (A listing file
named XXX.LIS would be produced in batch mode.)

3. % FORTRAN/OBJECT=SOUARE/NOLIST
_File: CIRCLE
The source file CIRCLE.FOR is compiled, producing an object file named
SQUARE.OBJ, but no listing file.
4. % FORTRAN AAA+BBB,CCC/LIST
Two object files are produced: AAA.OBJ (comprising AAA.FOR and BBB.FOR) and

CCC.OBJ (comprising CCC.FOR). One listing file is produced: CCC.LIS (comprising
CCC.FOR).

5. % FORTRAN ABC+CIRC/NODBJECT+XYZ
When you include a qualifier in a list of files that are to be concatenated, the qualifier
affects all files in the list. The command illustrated above completely suppresses the

object file. That is, source files ABC.FOR, CIRC.FOR, and XYZ.FOR are concatenated
and compiled, but no object file is produced.

3.2.3 Qualifiers to the FORTRAN Command

FORTRAN command qualifiers influence the way in which the compiler processes a file. In
many cases, the simplest form of the FORTRAN command is sufficient. However, you can
select appropriate optional qualifiers if special processing is required.

Table 3-1 lists the FORTRAN command qualifiers. Sections 3.2.3.1 through 3.2.3.18 de-
scribe each qualifier in detail.

You can override some qualifiers specified on the command line by using the OPTIONS
statement. The qualifiers specified by the OPTIONS statement affect only the program
unit where the statement occurs. Refer to Section 3.5.2 for more information.
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Table 3-1:

FORTRAN Command Qualifiers

Qualifier

Negative Form

Qualifier

INOIBOUNDS

(NOIOVERFLOW
/CHECK= < INOJUNDERFLOW

ALL

NONE

/CONTINUATIONS=n
/CROSS_REFERENCE

[INOISYMBOLS
/DEBUG=)}INOITRACEBACK

ALL

NONE

/D__LINES

/DML
/EXTEND_SOURCE
[F71

/G__FLOATING

/4

/LIBRARY

/LISTI=file-spec]
/LIST (batch)

/MACHINE__CODE
/OBJECT =file-spec]
/OPTIMIZE

INOIDICTIONARY
(NOINCLUDE
INOIMAP

/SHOW= ( INOJPREPROCESSOR

[NOISINGLE
ALL
NONE

[NOISOURCE__

FORM
/STANDARD=¢([NOJSYNTAX

ALL

NONE

INOIDECLARATIONS

/WARNINGS=)[NOIGENERAL
ALL
NONE

/NOCHECK

None

/NOCROSS_REFERENCE

/NODEBUG

/NOD_LINES

None
/NOEXTEND__SOURCE
/NOF177
/NOG_FLOATING
/NOI4

None

/NOLIST

/NOMACHINE__CODE
/NOOBJECT
/NOOPTIMIZE

/NOSHOW

/NOSTANDARD

/NOWARNINGS

/CHECK=(NOBOUNDS,
OVERFLOW)

/CONTINUATIONS=19
/NOCROSS_REFERENCE

/DEBUG=(NOSYMBOLS,
TRACEBACK)

/NOD_LINES

None
/NOEXTEND__SOURCE
/F17

/NOG_FLOATING

T4

Not applicable

/NOLIST (interactive)

/NOMACHINE__CODE
/OBJECT
/OPTIMIZE

/SHOW=(NODICTIONARY,
NOINCLUDE,MAP,
NOPREPROCESSOR,
SINGLE)

/NOSTANDARD

/WARNINGS=(NODECLARA-
TIONS,
GENERAL)
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3.2.3.1 /GHECK Qualifier
The /CHECK qualifier produces run-time checks for the conditions indicated.

The qualifier has the form:

ALL

[NOJBOUNDS l

/CHECK =< [NOJOVERFLOW
[NO]UNDERFLOW)
NONE

where:

BOUNDS

Specifies that array and substring references are checked by the system to ensure that
they are within the address boundaries specified in the array or character variable
declaration.

For array bounds, only the address reference is checked; that is, the system only
checks to determine whether you are in the same array; it does not check each
individual dimension. Also, array bounds checking is not performed for arrays that
are dummy arguments in which the last dimension bound is specified as * or both
upper and lower dimensions are 1. For example:

DIMENSION B(O:10,01:y)
or
DIMENSION A(1)

OVERFLOW

Specifies that BYTE, INTEGER+2, and INTEGER*4 calculations are checked for
arithmetic overflow. Real and complex calculations are always checked for overflow
and are not affected by /NOCHECK. Integer exponentiation is performed by a rou-
tine in the mathematical library. The routine in the mathematical library always
checks for overflow, even if /CHECK=NOOVERFLOW is specified.

UNDERFLOW

Specifies that real and complex calculations are checked for floating underflow. Refer
to the VAX FORTRAN User’s Guide for information about floating underflow.

ALL

Specifies that OVERFLOW, BOUNDS, and UNDERFLOW checks are performed.
NONE ’

Specifies that no checks are performed.

The default is /CHECK=OVERFLOW. Note that /CHECK is the equivalent of
/CHECK=ALL, and /NOCHECK is the equivalent of /CHECK=NONE.
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3.2.3.2 /CONTINUATIONS Qualifier

The /CONTINUATIONS qualifier specifies the number of continuation lines allowed in a
source program statement.

The qualifier has the form:
/CONTINUATIONS=n
where:
n
is an integer from 0 to 99.
If you omit the /CONTINUATIONS qualifier, the default value is 19.

Because the compiler has to assume maximum-length continuation lines (66 or 126 charac-
ters) when allowing space for continuation line sequences, the actual number of continua-
tion lines allowed in any given statement usually exceeds the limit specified by the
/CONTINUATIONS qualifier.

NOTE

A common problem is an attempt to use the character zero (0) as a continuation
character. This is not allowed. A line with a ‘“‘continuation” character of 0 is
treated as an initial line; it does not indicate that the /CONTINUATIONS value
needs to be increased.

3.2.3.3 /CROSS__REFERENCE Qualifier

The /CROSS_REFERENCE qualifier specifies that the storage map section of the listing
file is to include information about the use of symbolic names. The cross-reference contains
the numbers of the lines in which the symbols are defined and referenced.

The qualifier has the form:

/CROSS_REFERENCE
The /CROSS_REFERENCE qualifier is ignored if the listing file is not being generated.
The default is /NOCROSS_REFERENCE.

See Section 3.7.3 for a description of the listing format used when /CROSS_REFERENCE
is specified.
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3.2.3.4 /DEBUG Qualifier

The /DEBUG qualifier specifies that the compiler is to provide information for use by the
VAX Symbolic Debugger and the run-time error traceback mechanism.

The qualifier has the form:

ALL

/DEBUG = JINOJSYMBOLS
[NO]JTRACEBACK
NONE

where:

SYMBOLS
Specifies that the compiler is to provide the debugger with local symbol definitions for
user-defined variables, arrays (including dimension information), structures, and la-
bels of executable statements.

TRACEBACK
Specifies that the compiler is to provide an address correlation table so that the
debugger and the run-time error traceback mechanism can translate virtual addresses
into source program routine names and compiler-generated line numbers.

ALL
Specifies that the compiler is to provide both local symbol definitions and an address
correlation table.

NONE
Specifies that the compiler is to provide no debugging information.

If you do not specify the /DEBUG qualifier, the default is /DEBUG=TRACEBACK. Note

that /DEBUG is the equivalent of /DEBUG=ALL, and /NODEBUG is the equivalent of
/DEBUG=NONE.

NOTE

The use of /NOOPTIMIZE is strongly recommended when the /DEBUG quali-
fier is used. Optimizations performed by the compiler can cause several different
kinds of unexpected behavior when using VAX DEBUG. See Chapter 1 of the
VAX FORTRAN User’s Guide for more information on this subject.

For more information on debugging and traceback, see Section 4.3 and Chapter 17.
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3.2.3.5 /DLINES Qualifier

The /D__LINES qualifier specifies that lines with a D in column 1 are to be compiled and
are not to be treated as comment lines.

The qualifier has the form:

/D__LINES

The default is /NOD_LINES, which means that lines with a D in column 1 are treated as
comments.

3.2.3.6 /DML Qualifier

The /DML qualifier specifies that the FORTRAN Data Manipulation Language (DML)
preprocessor is to be invoked before the compiler. The preprocessor produces an intermedi-
ate file of FORTRAN source code in which FORTRAN DML commands are expanded into
FORTRAN statements. The compiler is then automatically invoked to compile this inter-
mediate file.

The qualifier has the form:
/DML

You use the /SHOW=PREPROCESSOR qualifier in conjunction with the /DML qualifier
to cause the preprocessor-generated source code to be included in the listing file. For more
information on the DML preprocessor, refer to the VAX DBMS FDML Reference Manual.

NOTE

Because the intermediate file is deleted by the FORTRAN DML preprocessor
immediately after compilation is complete, the debugger cannot access the
source program when the /DML qualifier is used.

3.2.3.7 /EXTEND_SOURCE Qualifier

The /EXTEND__SOURCE qualifier specifies that the compiler is to extend the range of
FORTRAN source text from columns 1 through 72 to columns 1 through 132.

The qualifier has the form:
/EXTEND_SOURCE

This qualifier can also be specified on the OPTIONS statement. The default in either case
is NOEXTEND__SOURCE.

If a source line is longer than 132 characters, a fatal read error is signaled and the compila-
tion is immediately terminated.
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3.2.3.8 /F77 Qualifier

The /F77 qualifier specifies that FORTRAN-77 interpretation rules are used for those
statements that have a meaning incompatible with FORTRAN-66. See Appendix A in the
VAX FORTRAN User’s Guide for a discussion of these incompatibilities.

The qualifier has the form:
/F77

The default is /F77. If you specify /NOF77, the compiler selects FORTRAN-66 interpreta-
tions in cases of incompatibility.

3.2.3.9 /G_FLOATING Qualifier

The /G_FLOATING qualifier controls how the compiler implements REAL*8, COM-
PLEXx*16, DOUBLE PRECISION, and DOUBLE COMPLEX quantities.

The qualifier has the form:
/G__FLOATING

/NOG_FLOATING, the default, causes the compiler to implement double-precision quan-
tities using the VAX D__floating data type. /G_FLOATING causes the compiler to imple-
ment such quantities using the VAX G__floating data type.

If your program requires the G__floating form of double precision for its correct operation
(that is, it uses a range larger than 10%%38), you should use the /G_FLOATING qualifier in
an OPTIONS statement in your source program. The implementation of REAL#*8 in VAX
FORTRAN is further discussed in Section 6.1.2.

Note that routines between which double-precision quantities are passed should not mix
the D__floating and G__floating data types.

CAUTION

VAX/VMS systems support both D__floating and G__floating implementations
of REAL#8. On different systems, however, the performance of a program can
vary widely depending on whether your program is compiled with G__floating or
D__floating. The disparity exists when a particular system supports one floating
type in hardware and the other in software. Thus, if you wish to optimize
performance and if range and accuracy constraints do not prescribe one of the
two options, you must ensure that the most efficient option is in effect during
the compilation process.

You can select G__floating or D__floating by means of an OPTIONS statement
in your source program or by means of qualifiers on the FORTRAN command.

For more information on floating-point data types, see Sections 6.1.2, C.4.2, and C.4.3.
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3.2.3.10 /14 Qualifier

The /I4 qualifier controls how the compiler interprets INTEGER and LOGICAL declara-
tions that do not have a specified length.

The qualifier has the form:
/14

The default is /I4, which causes the compiler to interpret INTEGER and LOGICAL decla-
rations as INTEGER*4 and LOGICAL=*4. If you specify /NOI4, the compiler interprets
them as INTEGER+*2 and LOGICAL+*2.

3.2.3.11 /LIBRARY Qualifier
The /LIBRARY qualifier specifies that a file is a text library file.
The qualifier has the form:

text-library-file/LIBRARY

The /LIBRARY qualifier can be specified on one or more text library files in a list of files
concatenated by plus signs. At least one of the files in the list must be a nonlibrary file. The
default file type is TLB.

The use of text libraries is discussed at length in Section 3.3.
3.2.3.12 /LIST Qualifier
The /LIST qualifier specifies that a source listing file is to be produced.
The qualifier has the form:
/LIST[=file-spec]

You can include a file specification for the listing file. If you do not, it defaults to the name
of the first source file and to a file type of LIS.

In interactive mode, the compiler does not produce a listing file unless you include the
/LIST qualifier. In batch mode, the compiler produces a listing file by default. In either
case, the listing file is not automatically printed; you must use the PRINT command to
obtain a line printer copy of the listing file.

See Section 3.7.1 for a discussion on the format of listing files.
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3.2.3.13 /MACHINE__CODE Qualifier

The /MACHINE__CODE qualifier specifies that the listing file is to include a symbolic
representation of the object code generated by the compiler. Generated code and data is
represented in a form similar to a VAX MACRO assembly listing. Do not attempt to

assemble this listing file; several items included in the listing file are not supported by
VAX MACRO assembler.

The qualifier has the form:
/MACHINE_CODE

This qualifier is ignored if no listing file is being generated. The default is
/NOMACHINE__CODE.

See Section 3.7.2 for a description of the format of a machine code listing.
3.2.3.14 /OBJECT Qualifier
The /OBJECT qualifier specifies the name of the object file.
The qualifier has the form:
/OBJECT|=file-spec]

The default is /OBJECT. The negative form, /NOOBJECT, can be used to suppress object
code (for example, when you want to test only for compilation errors in the source pro-
gram),

If you omit the file specification, the object file defaults to the name of the first source file
and to a file type of OBJ.

3.2.3.15 /0PTIMIZE Qualifier
The /OPTIMIZE qualifier specifies that the compiler is to produce optimized code.

The qualifier has the form:
/OPTIMIZE

The default is /OPTIMIZE. The negative form /NOOPTIMIZE should be used during a
debugging session to ensure that the debugger has sufficient information to locate errors in
the source program. (See the VAX FORTRAN User’s Guide for information on optimiza-
tions performed by the VAX FORTRAN compiler.)
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3.2.3.16 /SHOW Qualifier

The /SHOW qualifier controls whether optionally listed source lines (that is, text module
source lines and preprocessor generated source lines) and a symbol map are to appear in the
source listing.

The /LIST' qualifier must be specified in order for the /SHOW qualifier to take effect.
The qualifier has the form:

ALL
[NOJDICTIONARY
[NOJINCLUDE

/SHOW = [NO]JMAP
[NOJPREPROCESSOR
[NOJSINGLE
NONE
where:

ALL
specifies that all optionally listed source lines are to be included in the listing file.

INCLUDE
specifies that the source lines from any file specified by INCLUDE statements are to
be included in the source listing.

DICTIONARY
specifies that FORTRAN source representations of any CDD records referenced by
DICTIONARY statements are to be included in the listing file.

MAP
specifies that the symbol map is to be included in the listing file. If the /CROSS__
REFERENCE qualifier is specified, MAP is ignored.

PREPROCESSOR
specifies that preprocessor-generated source lines are to be included in the listing file.
The negative form, NOPREPROCESSOR, specifies that the source lines are to be
excluded from the source listing.

NONE
specifies that no optionally listed source lines are to be included in the listing file.

SINGLE

specifies that names only referenced once (that is, those names that appear only in
declarations) are to be included with multiply-referenced names in cross-reference
listings. NOSINGLE specifies that names only referenced once are to be suppressed.
This is useful for cross-reference listings of small programs that specify INCLUDE
declarations but use only a small number of the names declared.
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The /SHOW qualifier defaults are NOPREPROCESSOR, NOINCLUDE, NODICTION-
ARY, MAP, SINGLE.

Specifying the qualifier /[SHOW without any arguments is equivalent to specifying
/SHOW=ALL; specifying /NOSHOW without any arguments is equivalent to specifying
/SHOW=NONE.

3.2.3.17 /STANDARD Qualifier

The /STANDARD qualifier specifies that the compiler is to generate informational diag-
nostics for non-semantic VAX extensions to FORTRAN-77.

The qualifier has the form:

ALL
JSTANDARD .  INOISYNTAX
ANDARD = § INOISOURCE_FORM
NONE
where:
SYNTAX

specifies that an informational message is to be issued for syntax extensions to the
current ANSI standard.
SOURCE_FORM

specifies that an informational message is to be issued for statements that use tab
formatting or contain lowercase characters.

ALL

specifies that informational messages are to be issued for both syntax and source form
extensions to the current ANSI standard.

NONE

specifies that no informational messages are to be issued for extensions to the current
ANSI standard.

The default is /NOSTANDARD, which is equivalent to /STANDARD=NONE.

If you have specified the /NOWARNINGS qualifier, the /STANDARD qualifier is ignored.
Specifying /STANDARD with no arguments is equivalent to specifying
/STANDARD=(SYNTAX, NOSOURCE_FORM).

The compiler does not diagnose semantic extensions if /[STANDARD=ALL is specified.
Semantic extensions are standard conforming statements that become nonstandard be-
cause of the way in which they are used.
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3.2.3.18 /WARNINGS Qualifier

The /WARNINGS qualifier specifies that the compiler is to generate informational (I) and
warning (W) diagnostic messages in response to informational and warning-level errors.

The qualifier has the form:

ALL
[NO]DECLARATIONS
/WARNINGS = [NOJGENERAL
NONE
where:
GENERAL

causes the compiler to generate informational and warning diagnostic messages. An
informational message indicates that a correct VAX FORTRAN statement may have
unexpected results or contains nonstandard syntax or source form. A warning message
indicates that the compiler has detected acceptable, but nonstandard, syntax or has
performed some corrective action; in either case, unexpected results may occur. To
suppress I and W diagnostic messages, specify the negative form of this qualifier
(NOGENERAL). The default is GENERAL.

DECLARATIONS

causes the compiler to print warnings for any undeclared data item used in the
program. DECLARATIONS acts as an external IMPLICIT NONE declaration. The
default is NODECLARATIONS.

ALL

causes the compiler to print all informational and warning messages, including warn-
ing messages for any undeclared data items.

NONE
suppresses all informational and warning messages.

Appendix B discusses compiler diagnostic messages.

3.3 Using Text Libraries

A text library contains modules of source text that you can incorporate in a program by
using the INCLUDE statement. Modules within a text library are like ordinary text files,
but they differ in the following ways: they contain a unique name, called the module name,
that is used to access them, and several can be contained within the same library file.
Modules in text libraries can contain any kind of text; this section only discusses their use
when FORTRAN language source is used.

To create and modify modules in text libraries, you use the VAX/VMS LIBRARY com-
mand. Text libraries have a default file type of TLB.
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To access a source module in a text library, you do one of the following:

¢ Specify only the name of the module in an INCLUDE statement in your FORTRAN
source program.

¢ Specify the name of both the library and module in an INCLUDE statement in your
FORTRAN source program.

* Specify the name of the library using the /LIBRARY qualifier in the FORTRAN
command that you use to compile the source program; or define a default library.

For information on how to use INCLUDE statements and the /LIBRARY qualifier, see
Sections 3.5.2 and 3.3.3, respectively.

Figure 3-1 illustrates the creation of a text library and its use in compiling FORTRAN
programs.

COMMAND INPUT/OUTPUT FILES

Creatg a library APPLIC.SYM
$ LIBRARY/TEXT/CREATE FORFILES containing the
$__FILE: APPLIC.SYM,DECLARE.FOR modules APPLIC

and DECLARE DECLARE.FOR

FORFILES.TLB

Process the input file
METRIC.FOR, and

$ FORTRAN METRIC+FORFILES/LIBRARY locate the INCLUDE | #¢—m———o METRIC.FOR
files in library
FORFILES.TLB
ZK-792-82

Figure 3-1: Creating and Using a Text Library
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3.3.1 Using the LIBRARY Gommands

Table 3-2 summarizes the commands that create libraries and provide maintenance func-
tions. For a complete list of the qualifiers for the LIBRARY command and a description of
other DIGITAL Command Language (DCL) commands listed in Table 3-2, see the Guide
to Using DCL and Command Procedures on VAX/VMS.

Table 3-2: Commands to Control Library Files

Function Command Syntax1

Create a library $ LIBRARY/TEXT/CREATE library-name file-spec,...
Add one or more modules to a library $ LIBRARY/TEXT/INSERT library-name file-spec,...
Replace one or more modules in a li- $ LIBRARY/’I‘EXT/REPLACE2 library-name -

brary —$ file-spec,...

Specify the names of modules to be $ LIBRARY/TEXT/INSERT library-name -

added to a library _3$ file-spec/MODULE=module-name

Delete one or more modules from a li- $ LIBRARY/TEXT/DELETE=(module-name,...)-
brary —$ library-name

Copy a module from a library into an- $ LIBRARY/TEXT/EXTRACT=module-name-

other file _$ /OUTPUT<=file-spec library-name

List the modules in a library 8 LIBRARY/TEXT/LIST=file-spec library-name

! The LIBRARY command qualifier/TEXT indicates a text module library. By default, the LI-
BRARY command assumes an object module library.

2 REPLACE is the default function of the LIBRARY command if no other action qualifiers are
specified. If no module exists with the given name, /REPLACE is effectively /INSERT.

3.3.2 Naming Text Modules

When the LIBRARY command adds a module to a library, it uses by default the file name
of the input file as the name of the module. In the example in Figure 3-1, the LIBRARY
command adds the contents of the files APPLIC.SYM and DECLARE.FOR to the library
and names the modules APPLIC and DECLARE.

Alternatively, you can name a module in a library with the /MODULE qualifier. For
example:

$ LIBRARY/TEXT/INSERT FORFILES DECLARE.FDR/MDDULE=EXTERNAL_DECLQRATIGNS

The preceding command inserts the contents of the file DECLARE.FOR into the library
FORFILES under the name EXTERNAL_DECLARATIONS. This module can be in-
cluded in a FORTRAN source file during compilation with the statement:

INCLUDE ‘FORFILES(EXTERNAL_DECLARATIONS) '
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3.3.3 Specifying Library Files on the FORTRAN Command Line

The /LIBRARY qualifier is used on the FORTRAN command line to identify text libraries.
If a source file that you are compiling includes a module from a text library, you concate-
nate the name of the text library to the name of the source file and append the /[LIBRARY
qualifier to the text library name. Concatenation is specified with a plus sign. For example:

$ FORTRAN APPLIC+DATAB/LIBRARY

Whenever an INCLUDE statement occurs in APPLIC.FOR, the compiler searches the
library DATAB.TLB for the source text module identified in the INCLUDE statement and
incorporates it into the compilation. See Section 3.5.1 for a description of the INCLUDE
statement.

3.3.4 Search Order of Libraries

When more than one library is specified on a FORTRAN command, the FORTRAN com-
piler searches the libraries in the order specified, on the command line, each time it
processes an INCLUDE statement that specifies a text module name. For example:

$ FORTRAN APPLIC+DATAB/LIBRARY+NAMES/LIBRARY+GLOBALSYMS/LIBRARY
When FORTRAN processes an INCLUDE statement in the source file APPLIC.FOR, it

searches the libraries DATAB.TLB, NAMES.TLB, and GLOBALSYMS.TLB, in that or-
der, for source text modules identified in the INCLUDE statement.

On a command that requests multiple compilations, a library must be specified for each
compilation in which it is needed. For example:
$ FORTRAN METRIC+DATAB/LIBRARY s APPLIC+DATAB/LIBRARY

In this example, FORTRAN compiles METRIC.FOR and APPLIC.FOR separately and
uses the library DATAB.TLB for each compilation.

After the compiler has searched all libraries specified in the command, it searches the user-
supplied default library, if any, specified by the logical name FORT$LIBRARY, and then
the system-supplied default library SYSSLIBRARY:FORSYSDEF.TLB.

3.3.4.1 User-Supplied Default Libraries

You can define one of your private text libraries as a default library for the FORTRAN
compiler to search. The FORTRAN compiler searches the default library after it searches
libraries specified in the FORTRAN command.

To define a default library, assign an equivalence for the logical name FORT$LIBRARY, as
in the following example of the VAX/VMS ASSIGN command:

$ ASSIGN DBAO:[CLIBIDATAB FORT$LIBRARY

While this assignment is in effect, the compiler automatically searches the library
DBAO:[LIBIDATAB.TLB for any include modules that it cannot locate in libraries expli-
citly specified on the FORTRAN command, if any.
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You can define the logical name FORT$LIBRARY in any logical name table. If the name is
defined in more than one table, the FORTRAN compiler uses the equivalence for the first
match it finds in the normal order of search (that is, the process, then group, then system
table). Thus, if FORT$LIBRARY is defined in both the process and group logical name
tables, the process logical name table assignment overrides the group logical name table
assignment.

If FORTSLIBRARY is defined as a search list, the compiler opens the first text library
specified in the list. If the include module is not found there, the search is terminated and
an error message is issued.

3.3.4.2 System-Supplied Default Library

When the FORTRAN compiler cannot find the include modules in libraries specified on
the FORTRAN command or in the default library defined by FORT$LIBRARY,
FORTRAN searches the system-supplied library SYS$LIBRARY:FORSYSDEF.TLB.

SYSSLIBRARY identifies the device and directory containing system libraries and is nor-
mally defined by the system manager. FORSYSDEF.TLB is a library of include modules
supplied by VAX FORTRAN. It contains local symbol definitions required for use with
system services, and return status values from system services.

Refer to Appendix C in the VAX FORTRAN User’s Guide for more information on the
contents of FORSYSDEF.

3.4 Using the VAX Gommon Data Dictionary

The Common Data Dictionary (CDD) is an optional VAX software product available under
a separate license. The CDD allows you to maintain a set of shareable data definitions
(language-independent structure declarations) that are defined by a system manager or
data administrator. See the VAX Common Data Dictionary Utilities Reference Manual
and the VAX CDD Data Definition Language Reference Manual for detailed information
about the CDD.

CDD data definitions are organized hierarchically in much the same way that files are
organized in directories and subdirectories. For example, a dictionary for defining person-
nel data might have separate directories for each employee type. A directory for salesmen
might have subdirectories that would include data definitions for records such as salary
and commission history or personnel history.

Descriptions of data definitions are entered into the dictionary in a special-purpose lan-
guage called CDDL (Common Data Dictionary Language). Then, the CDDL compiler
converts the data descriptions to an internal form and inserts them into the CDD, thus
making them independent of the language used to access them.
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During the compilation of a FORTRAN program, CDD data definitions can be accessed by
means of DICTIONARY statements. If the data attributes of the data definitions are
consistent with FORTRAN requirements, the data definitions are included in the
FORTRAN program. CDD data definitions, in the form of FORTRAN source code, appear
in source program listings if you specify the /SHOW=DICTIONARY qualifier on the FOR-
TRAN command or /LIST in the DICTIONARY statement.

The advantage in using the CDD, instead of FORTRAN source, for structure declarations
is that CDD record declarations are language independent and can be used with several
supported VAX languages.

The following examples illustrate how data definitions are written for the CDD. The first
example is a structure declaration written in CDDL. The second example shows the same
structure as it would appear in a FORTRAN listing.

¢ CDDL Representation:

PAYROLL_RECORD STRUCTURE.
SALESMAN STRUCTURE.

NAME DATATYPE IS TEXT 30.
ADDRESS DATATYPE IS TEXT 40,
SALESMAN.ID - DATATYPE IS UNSIGNED NUMERIC 5.

END SALESMAN STRUCTURE. .
END PAYROLL_-RECORD STRUCTURE.

¢ FORTRAN Source Code Representation:

STRUCTURE /PAYROLL_RECORD/
STRUCTURE SALESMAN
CHARACTER*30 NAME
CHARACTER*40 ADDRESS
STRUCTURE SALESMAN_ID
CHARACTER*3 YFILL
END STRUCTURE
END STRUCTURE
END STRUCTURE

The CDD provides two utilities for creating and maintaining a dictionary:
¢ The Dictionary Management Utility (DMU)
¢ The Dictionary Verify/Fix Utility (CDDV)

The Dictionary Management Utility (DMU) is for creating and maintaining the CDD’s
directory hierarchy, history lists, and access control lists. The Dictionary Verify/Fix Utility
(CDDV) is for repairing damaged dictionary files. See the VAX Common Data Dictionary
Utilities Reference Manual for details.
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3.4.1 Accessing the CDD from FORTRAN Programs

DMU commands create directories and define record paths. Once these paths are estab-
lished, records can be extracted from the CDD by means of DICTIONARY statements in
VAX FORTRAN programs.

At compile time, the CDD record and its attributes are extracted from the designated CDD
record node. Then, the compiler converts the extracted record into a FORTRAN structure
declaration and includes it in the object module.

The DICTIONARY statement incorporates VAX Common Data Dictionary data defini-
tions into the current FORTRAN source file during compilation. It can occur anywhere in a
FORTRAN source file that a specification statement (such as a STRUCTURE/END
- STRUCTURE block) is allowed. The format of the DICTIONARY statement is described
in Section 3.5.3.

A DICTIONARY statement must appear as a statement by itself; it cannot be used within
a FORTRAN structure declaration. For example, the following DICTIONARY statement

INTEGER*4 PRICE
DICTIONARY ‘ACCOUNTS’

would result in a declaration of the form

INTEGER*4 PRICE
STRUCTURE /ACCOUNTS/

STRUCTURE NUMBER
CHARACTER*3 LEDGER
CHARACTER*S SUBACCOUNT

END STRUCTURE

CHARACTER*12 DATE

END STRUCTURE

When you extract a record definition from the CDD, you can choose to include this trans-
lated record in the program’s listing by using the /LIST in the DICTIONARY statement or
the /SHOW=DICTIONARY qualifier in the FORTRAN command line.

CDD data definitions can contain explanatory text in the CDDL DESCRIPTION IS
clause. If you specify /SHOW=DICTIONARY on the FORTRAN command (or /LIST in
the DICTIONARY statement), this text is included in the FORTRAN listing as comments.
The programmer may use these comments to indicate the data type of each structure and
member. The punctuation for CDDL comments is the same as for other FORTRAN pro-
grams.

Because the DICTIONARY statement generally contains only structure declaration blocks
(see Section 8.15), you will usually also need to include one or more RECORD statements
(see Section 8.13) in your program to make use of these structures.
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3.4.2 Creating CDD Structure Declarations

CDD source files must be written in the Common Data Dictionary Language (CDDL). You
enter them using the EDT editor, just as you would any other file. After you have created a
CDD source file, you can then invoke the CDD compiler to insert your record definitions
into the CDD. See the VAX CDD Data Definition Language Reference Manual for detailed
information about the CDDL language and compiler.

3.4.3 FORTRAN and CDDL Data Types

The CDD supports some data types that are not native to FORTRAN., If a data definition
contains an unsupported data type, FORTRAN makes the unsupported data type accessi-
ble by declaring it as an inner STRUCTURE containing a single CHARACTER %FILL
field of an appropriate length. FORTRAN does not attempt to approximate a data type
that is not supported by FORTRAN. For example, an UNSIGNED LONG number is
declared:

STRUCTURE /whatewver/

+

+

STRUCTURE name
CHARACTER*4 ZFILL
END STRUCTURE
END STRUCTURE

and not INTEGER=4, which would result in signed operations if the field was used in an
arithmetic expression.

The following table summarizes the CDDL data types and corresponding FORTRAN data
types. For further information on CDDL data types see the Common Data Dictionary Data
Definition Language Reference Manual.

CDDL Data Type

DATE

DATE AND TIME
VIRTUAL

BIT m ALIGNED

BIT m

UNSPECIFIED

TEXT

VARYING TEXT
VARYING STRING
D_FLOATING
D_FLOATING COMPLEX
F_FLOATING
F_FLOATING COMPLEX
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FORTRAN Data Type

STRUCTURE (length 8)
STRUCTURE (length n)
ignored

STRUCTURE (length n+7/8)
STRUCTURE (length n+7/8)
STRUCTURE (length n)
CHARACTER*n
STRUCTURE (length n)
STRUCTURE (length n)
REAL*8 (/NOG__FLOAT only)
COMPLEX*16 (/NOG_FLOAT only)
REAL=*4

COMPLEX*8



CDDL Data Type

G_FLOATING
G_FLOATING COMPLEX
H__FLOATING
H_FLOATING COMPLEX
SIGNED BYTE
UNSIGNED BYTE
SIGNED WORD
UNSIGNED WORD
SIGNED LONGWORD
UNSIGNED LONGWORD
SIGNED QUADWORD
UNSIGNED QUADWORD
SIGNED OCTAWORD
UNSIGNED OCTAWORD
PACKED NUMERIC
SIGNED NUMERIC
UNSIGNED NUMERIC
LEFT OVERPUNCHED
LEFT SEPARATE
RIGHT OVERPUNCHED
RIGHT SEPARATE

FORTRAN Data Type
REAL*8 (/G_FLOAT only)

COMPLEX=*16 (/G—FLOAT only)

REAL=x16

STRUCTURE (length 32)
LOGICAL+*1
STRUCTURE (length 1)
INTEGER~*2
STRUCTURE (length 2)
INTEGER*4
STRUCTURE (length 4)
STRUCTURE (length 8)
STRUCTURE (length 8)
STRUCTURE (length 16)
STRUCTURE (length 16)
STRUCTURE (length n)
STRUCTURE (length n)
STRUCTURE (length n)
STRUCTURE (length n)
STRUCTURE (length n)
STRUCTURE (length n)
STRUCTURE (length n)

NOTE

D__floating and G__floating data types cannot be mixed in one subroutine; both
types cannot be handled simultaneously. You can use both types, each in a
separate subroutine, depending on the OPTIONS statement qualifier in effect
for the individual subroutine. For a discussion of the handling of REAL+8 data
types in VAX FORTRAN, see Section 6.2.1.2.

FORTRAN ignores CDD features that are not supported by FORTRAN, but issues error
messages when the features conflict with FORTRAN.

Compiling FORTRAN Programs = 3-23



3.5 Compilation Control Statements

In addition to qualifiers on the FORTRAN command, several statements used in the body
of a FORTRAN program also influence the compilation process.

e The INCLUDE statement incorporates external source code into your programs during
the compilation process.

e The OPTIONS statement establishes compiler qualifiers that would otherwise be
specified on the FORTRAN command. If the same qualifier is specified on both the
OPTIONS statement and the FORTRAN command, the OPTIONS statement version
overrides if a conflict occurs.

¢ The DICTIONARY statement extracts records from the CDD (Common Data Diction-
ary) and converts them into VAX FORTRAN records for use in the program.

3.5.1 INCLUDE Statement

The INCLUDE statement specifies that the contents of a file or a text library module are to
be incorporated in the FORTRAN compilation directly following the INCLUDE statement.
The INCLUDE statement has no effect on program execution. It simply directs the com-
piler to read FORTRAN statements from a different file or a text library.

The INCLUDE statement has the form;

INCLUDE “[file-spec] (module-name)[/{NO]LIST]"
“file-spec[/[NO]LIST]"

where:

file-spec
A character string that specifies either (1) a file to be included in the compilation or
(2) a text library containing a module to be included in the compilation. This file
specification must be acceptable to the operating system. (See Section 1.5.1 for the
form of a file specification.)

module-name

The name of a text module, located in a text library, that is to be included in the
source file. The name of the module must be enclosed in parentheses. It can be up to
31 characters long and can contain any alphanumeric character and the special char-
acters dollar sign ($) and underscore ().

/INOJLIST

The /LIST qualifier indicates that the statements in the specified file or module are to
be listed in the compilation source listing. A number indicating the depth of nesting
of include files precedes each statement listed. The /NOLIST qualifier indicates that
the included statements are not to be listed in the compilation source listing. The
default is /NOLIST.
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When the compiler encounters an INCLUDE statement, it stops reading statements from
the current file and reads the statements in the included file or module. When it reaches
the end of the included file or module, the compiler resumes compilation with the next
statement after the INCLUDE statement.

An INCLUDE statement can be contained in an included file or module.

An included file or module cannot begin with a continuation line. Each FORTRAN state-
ment must be completely contained within a single file or module.

The INCLUDE statement can appear anywhere within a program unit, as shown in Figure
5-1. Any FORTRAN statement can appear in an included file or module. However, the
included statements, when combined with the other statements in the compilation, must
satisfy the statement-ordering restrictions described in Section 5.2.2.1.

In the following example, the file COMMON.FOR defines the size of the blank common
block and the size of the arrays X, Y, and Z.

Main Program File File COMMON.FOR
INCLUDE ‘COMMON,FOR’ PARAMETER (M=100)
DIMENSION Z(M) COMMON X (M) 4¥Y (M)
CALL CUBE

DO 5y I=1M
S Z(I) = X(I)Y+SQRT(Y(I))

END

SUBROUTINE CUBE
INCLUDE ‘COMMON.FOR’
DO 10, I=1,M

10 X(I) = Y(I)*3
RETURN
END
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3.5.2 OPTIONS Statement

The OPTIONS statement can be used to override or confirm the FORTRAN command !
qualifiers in effect in a program unit. It has the form:

OPTIONS qualifier[,qualifier...]

where:

qualifier
is one of the following:

/[NOJG__FLOATING

/[NOJI4

/INOJF77
ALL
[NOJOVERFLOW I

/CHECK = [NO]BOUNDS
[NOJUNDERFLOW
NONE

/NOCHECK

/[NOJEXTEND_SOURCE

The qualifiers have the same syntax and abbreviations as the FORTRAN command line
qualifiers. Refer to 3.2.3 for a detailed explanation of the specific qualifiers.

The OPTIONS statement must be the first statement in a program unit, preceding the
PROGRAM, SUBROUTINE, FUNCTION, and BLOCK DATA statements.

The OPTIONS qualifiers take precedence over qualifiers defined on the FORTRAN com-
mand line. However, the qualifiers remain in effect only until the end of the program unit
in which they are defined. Thus, an OPTIONS statement must appear in each program
unit in which you wish to override the command line qualifiers. For example:

OPTIONS /CHECK/EXTEND.S0OURCE
END
OPTIONS /G.FLOATING

DY

\

The first OPTIONS statement in the preceding example specifies that the program unit
immediately following is to be compiled with full checking and extend-source options,
regardless of the /CHECK and /EXTEND_SOURCE specifications on the FORTRAN
command line. The next OPTIONS statement specifies that the program unit following it
is to be compiled with the G_floating option. The check and extend-source options do not
remain in effect across program unit boundaries.
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3.5.3 DIGTIONARY Statement

The DICTIONARY statement incorporates VAX Common Data Dictionary data defini-
tions into the current FORTRAN source file during compilation. It can occur anywhere in a
FORTRAN source file that a specification statement (such as a STRUCTURE/END
STRUCTURE block) is allowed.

The format of the DICTIONARY statement is:
DICTIONARY “cdd-path [/[NO]JLIST]’

where:

cdd-path
The cdd-path is interpreted as the full or relative pathname of a CDD object. The
resulting pathname must conform to the rules for forming VAX CDD pathnames.
/[[NOJLIST

The /LIST qualifier controls whether the source code representation of the resulting
structure declaration is to be listed in the compilation source listing. The default is

/NOLIST.

There are two types of CDD pathname: full and relative. A full pathname begins with
CDDS$TOP and specifies the given names of all its descendants; it is a complete path to the
record definition. Descendant names are separated from each other by a period.

A relative pathname begins with any generation name other than CDD$TOP and specifies
the given names of the descendants after that point. A relative path may be accomplished
by establishing a default directory with a logical name. For example:

$ DEFINE CDD$DEFAULT CDD$TOP,FOR

This logical name definition specifies the beginning of the CDD pathname; thus, a relative
pathname specifies the remainder of the path to the record definition. Note also that a
CDD pathname beginning with CDD$TOP overrides the default CDD pathname. Refer to
the VAX Common Data Dictionary Utilities Manual for further details.

For example, if you have a record with the following pathname:
CDD$TOP,SALES. JONES, SALARY

and you have defined CDD$DEFAULT to be CDD$TOP.SALES.JONES, then you may
specify a relative pathname as

DICTIONARY ‘SALARY '

or an absolute pathname as
DICTIONARY ‘CDD$TOP.SALES.JONES.SALARY '
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3.6 Compiler Diagnostic Messages and Error Gonditions

One of the functions of the FORTRAN compiler is to identify syntax errors and violations
of language rules in the source program. If the compiler locates any errors, it writes mes-
sages to your default output device; thus, if you enter the FORTRAN command interac-
tively, the messages are displayed on your terminal. If the FORTRAN command is exe-
cuted in a batch job, the messages appear in the batch job log file.

When it appears on the terminal, a message from the compiler has the following format:

%FORT-s-ident, message-text
[text-in-error] in module module-name at line n

Diagnostic messages usually provide enough information for you to determine the cause of
an error and correct it. '

Each compilation with diagnostic messages terminates with a summary that indicates the
combined number of error, warning, and informational messages generated by the com-
piler. The diagnostic summary has the following form:

%FORT-s-ident, source-file-spec completed with n diagnostics

If the compiler creates a listing file, it also writes the messages to the listing. Messages
typically follow the statement that caused the error.

Additional information about diagnostic messages, including descriptions of the individual
messages, is contained in Appendix E.

3.7 Gompiler Output Listing Format

A compiler output listing produced by a FORTRAN command with the /LIST qualifier
consists of the following sections:

¢ A source code section

¢ A machine code section (optional)

¢ A storage map section (cross-reference, optional)
* A compilation summary

Sections 3.7.1 through 3.7.4 describe the compiler listing sections in detail.

3.7.1 Source Gode Section

The source code section of a compiler output listing displays the source program as it
appears in the input file, with the addition of sequential line numbers generated by the
compiler. Figure 3-2 shows a sample of a source code section of a compiler output listing.
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0001 SUBROUTINE RELAXZ(EPS)

0002

0003 PARAMETER (M=40, N=B0)

0004 DIMENSION X(0:M,0:N)

0005 COMMON X

0006

0007 LOGICAL DONE

0008

0009 1 DONE = ,TRUE.

0010

0011 DO 10 J=1N-1

0012 DO 10 I=1sM-1

0013 HNEW = (H(I-1 3 )+X(I+1 ) +X (I »d=-1)+X(I yJ+1)) /4
0014 IF (ABS(XNEW-X(I:J)) +GT. EPS) DONE = ,FALSE.
0015 10 HKCId) = HNEW

0016

017 IF (.,NOT., DONE) GO TO 1

0018

0019 RETURN

0020 END

Figure 3-2: Sample Listing of Source Code

Compiler-generated line numbers appear in the left margin and are used with the %LINE
prefix in debugger commands. If you create the source file with an editor that generates line
numbers, those numbers also appear in the source listing. In this case, the editor-generated
line numbers appear in the left margin, and the compiler-generated line numbers are
shifted to the right. The %LINE specification still applies to the compiler-generated line
numbers, not the editor-generated line numbers.

Compile-time error messages that contain line numbers refer to the editor-generated line
numbers present in the source code listing; otherwise, they refer to compiler-generated line
numbers. Run-time error messages that contain line numbers refer to the compiler-gener-
ated line numbers in the source code listing section. (See Appendix E for a summary of
error messages.)

3.7.2 Machine Gode Section

The machine code section of a compiler output listing provides a symbolic representation of
the compiler-generated object code. The representation of the generated code and data is
similar to that of a VAX MACRO assembly listing.

The machine code section is optional. To receive a listing file with a machine code section,
you must specify:

$ FORTRAN/LIST/MACHINE.CODE
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Figure 3-3 shows a sample of a machine code section of a compiler output listing.

Q000
0000

0000

Q000
0000

Q002
Q003
0004
Q004

Q007
000A
000B
aooc

Q00C
QOOF
0013
001B
0o1C

Qo1C
0021
0026
0O2B

0032
0036
0038
Q03F
0041
0043

0043
0046
Qo4an
004E

0051

Figure 3-3:

3-30

+TITLE
+IDENT

+PSECT

+PSECT

RELAXZ2::
+WORD

NOP

NOP
o1

MNEGL

MOYL

NOP

NOP
L&l

MOVL

MULL3

MOVAF

NOP
L$2:

ADDF3
ADDF2
ADDF2
MULF2

SUBF3

BICKZ2

CMPF

BLEQ

CLRL
L$3:

MOVL
ADBLEQ
ACBLEQ
BLBC

RET
+END

RELAXZ
01

$BLANK

CODE

TMIIVIRZYR3YRA4YREIRT

#1y RO

#1, R1

#1, R2
#41, R1» R3
KIR31:» R4

B(R4) » (RA)+,
-164(R4) » RG
164(R4) » RB
#"X3FB0, RB

(Rd)» RBs R7
#°KB8000,» R7

R7+ GEPS(AP)
L$3

RO

RGs (R4)
#3989, R2, L$2
#3539 R1,s L%1

ROy o1
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0001

0009

0011

0012

0013

0ot4a

0015

0017

0018



The following notes give a detailed explanation of how generated code and data are repre-
sented in machine code listings.

1.

Machine instructions are represented by VAX MACRO mnemonics and syntax.
Compiler-generated line numbers corresponding to generated code lines are listed at
the right margin, preceding the machine code generated for the line.

The first line contains a .TITLE assembler directive, indicating the program unit to
which the machine code corresponds.

® For a main program, the title is as declared in a PROGRAM statement. If you did
not specify a PROGRAM statement, the main program is titled filename$MAIN,
where filename is the name of the source file.

¢ For a subprogram, the title is the name of the subroutine or function.

¢ For a BLOCK DATA subprogram, the title is either the name declared in the
BLOCK DATA statement, or filename$3DATA by default.

The lines following .TITLE provide information such as the contents of storage
initialized for FORMAT statements, DATA statements, constants, and subprogram
argument call lists.

The VAX general registers (0 through 12) are represented by RO through R12. When
register 12 is used as the argument pointer, it is represented by AP; the frame pointer
(register 13) is FP; the stack pointer (register 14) is SP; and the program counter
(register 15) is PC. Note that the relative PC for each instruction or data item is
listed at the left margin, in hexadecimal.

Variables and arrays defined in the source program are shown as they were defined in
the program. Offsets from variables and arrays are shown in decimal.

FORTRAN source labels referenced in the source program are shown with a period
prefix (.). For example, if the source program refers to label 300, the label appears in
the machine code listing as .300. Labels that appear in the source program, but are
not referenced or are deleted during compiler optimization, are ignored. They do not
appear in the machine code listing unless you specified /NOOPTIMIZE.

The compiler may generate labels for its own use. These labels appear as L$n, where
the value of n is unique for each such label in a program unit.

Integer constants are shown as signed integer values; real and complex constants are
shown as unsigned hexadecimal values preceded by “X.

Addresses are represented by the program section name plus the hexadecimal offset
within that program section. Changes from one program section to another are indi-
cated by PSECT lines.
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3.7.3 Storage Map Section

The storage map section of the compiler output listing is printed after each program unit,
or module. It summarizes information in the following categories:

® Program sections: The program section summary describes each program section
(PSECT) generated by the compiler. The descriptions include:

— PSECT number (used by most of the other summaries)

— Name

— Size in bytes

— Attributes

PSECT usage and attributes are described in the VAX FORTRAN User’s Guide.

® Total memory allocated: Following the program sections, the compiler prints the total
memory allocated for all program sections compiled in the following form:

Total Space Allocated wnnn

¢ Entry points: The entry point summary lists all entry points and their addresses. If the
program unit is a function, the declared data type of the entry point is also included.

o Statement functions: The statement function summary lists the entry point address
and data type of each statement function. If all of the references to a statement
function generate inline code, the body of the statement function is not compiled, and
a double asterisk (**) appears instead of an address.

e Variables: The variable summary lists all simple variables, with the data type and
address of each. If the variable is removed as a result of optimization, a double asterisk
(**) appears in place of the address. :

® Records: The record summary lists all record variables. It shows the address, the
structure that defines the fields of the individual records, and the total size of each
record.

e Arrays: The array summary is similar to the variable summary. In addition to data
type and address, the array summary gives the total size and dimensions of the array.
If the array is an adjustable array or assumed-size array, its size is shown as double
asterisks (**), and each adjustable dimension bound is shown as a single asterisk (*).

e Record Arrays: The record array summary is similar to the record summary. The
record array summary gives the dimensions of the record array in addition to address,
defining structure, and total size. If the record array is an adjustable array or assumed-
size array, its size is shown as double asterisks (**), and each adjustable dimension
bound is shown as a single asterisk (*).

e Namelists: The namelist summary lists names of namelists.
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o Labels: The label summary lists all user-defined statement labels. FORMAT state-
ment labels are suffixed with an apostrophe (“). If the label address field contains
double asterisks (**), the label was not used or referred to by the compiled code.

e Functions and subroutines: The functions and subroutines summary lists all external
routine references made by the source program. This summary does not include refer-
ences to routines that are dummy arguments; the actual function or subroutine name
is supplied by the calling program.

A heading for an information category is printed in the listing only when entries are
generated for that category.

Cross-reference information is optional. It is supplied only when you specify:
$ FORTRAN/LIST/CROSS_REFERENCE

When you request cross-referencing, the compiler supplies information on the following
entities:

o Parameter constants: The parameter constant summary lists all of the PARAMETER
constants along with the data type of each.

o Field scalars: The field scalar summary lists all of the scalar fields declared within a
structure block. It shows the starting offset within the structure for each scalar field,
the name of the structure containing each scalar field, and the datatype and size (in
bytes) of each scalar field.

e Field arrays: The field array summary lists all of the array fields declared within a
structure block. It shows the starting offset within the structure for each array field;
the name of the structure containing each array field; and the datatype, size (in
bytes), and dimensions of each array field.

The compiler also supplies attributes and line number references if you request cross-
referencing, the attributes indicate whether a variable or array appears in common and
whether it appears in an EQUIVALENCE statement.

The compiler supplies the following reference information for each name:
¢ A source line number indicates where the name was referenced.

e An equal sign (=) next to a line number indicates that the value of a variable or array
was modified at that line.

e A number sign (#) next to a line number indicates the line where the symbol was
defined.

® An “A” next to a line number indicates an actual argument which may have been
modified.

e A “D” next to a line number indicates that data initialization occurred at that point in
the program.

e A number in parentheses (n) next to a line number indicates that the name appeared n
times on that line.
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Figure 3-4 shows an example of a storage map section with cross-reference information.

PROGRAM SECTIQONS

Name

0 4$CODE
3 $BLANK

Total Srpace Allocated

ENTRY POINTS
Address Tvre Name
0-00000000 RELAXZ
VARIABLES
Address Trre Name
* % L*4 DONE
AP-00000004E@ R*4 EPS
* % Ixd I
* % I*4
* % R*d4  XNEW
ARRAYS
Address Tvre Name
) 3-00000000 R*d4 X
13(4) 14 15=

PARAMETER CONSTANTS

Tyrpe Name
I*4 M
I+4 N
LABELS
Address Label

Q-00000004 1

* % 10

Figure 3-4: Sample Storage Map Section

Brtes

- 82

10004

10086

Attributes

PIC CON REL LCL

PIC OVR REL GBL

References

14

Attributes

Attributes

COMM

References

3%
34

References

9#
11

-
[(ARLE S L
n

(=3

Brtes

10004

References

SHR ! RD NOWRT LONG

SHR NOEXE RD WRT LONG
= 14= 17

14

1304) 14 15

13¢4) 14 15

14 15

Dimensions References

(0:40, 0:60) 4 3

As shown in Figure 3-4, a section size is printed as a number of bytes, expressed in decimal.
A data address is specified as an offset from the start of a program section, expressed in
hexadecimal. The symbol AP can appear instead of a program section. When it does, the
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address refers to a dummy argument, expressed as the offset from the argument pointer
(AP). Indirection is indicated by an at sign (@) following an address field. In this case, the
address specified by the program section (or AP) plus the offset points to the address of the
data, not to the data itself.

3.7.4 Gompilation Summary Section
The final entries on the compiler listing are the compiler qualifiers and compiler statistics.

The first line of qualifiers in this section echoes the command line that you used to invoke
the compiler. The next set of qualifiers shows which ones were in effect during the compila-
tion. The compiler statistics are the machine resources used by the compiler.

If the /CROSS._REFERENCE qualifier is specified, an explanation of the reference flags
is printed before the qualifier summary.

Figure 3-5 shows how compiler options and command qualifiers and compilation statistics
appear on the listing.

KEY TO REFERENCE FLAGS
- Value Modified

H H
1 - 1}
v - ¥
H # - Definind Reference |
H A - Actual Arduments Possibly modified H
H D - Data Initialization H
1 (n) - Number of occurrences on line |
o - +

OPTIONS QUALIFIERS

/CHECK=(NOBOUNDS +QUVERFLOW »NOUNDERFLOW)
/F77 /NOG_FLOATING /NOI4

COMMAND QUALIFIERS
FORTRAN /LISTING/MACHINE_CODE/CROSS_REFERENCE RELAXZ

/CHECK=(NDBOUNDS +OVERFLOW s NOUNDERFLOW)

/DEBUG=(NOSYMBOLS»TRACEBACK)

/STANDARD=(NOSYNTAX yNOSOURCE_FORM)
/SHOW=(NOPREPROCESSOR +NDINCLUDE +MAP »NODICTIONARY +SINGLE)
/WARNINGS=(GENERAL +NODECLARATIONS)

/CONTINUATIONS=19 /CROSS_REFERENCE /NOD_LINES /NOEXTEND_SOURCE /F77
/NOG.FLOATING /14 /MACHINE_CODE /OPTIMIZE

COMPILATION STATISTICS

Run Time: 1,17 seconds
Elarsed Time: 2,23 seconds
Page Faults: 138

Dynamic Memorv: 326 Pades

Figure 3-5: Sample Compilation Summary
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Chapter 4
Linking and Running FORTRAN Programs

This chapter describes how to produce an executable image from a FORTRAN object file,
how to execute the resulting image, and how to isolate run-time errors.

4.1 Linking FORTRAN Programs

This section describes how to use the linker and object module libraries to combine object
modules into executable programs. It discusses:

e The functions performed by the linker
e The LINK command and its input and output files

The topics in this chapter are confined to areas of particular interest to FORTRAN pro-
grammers. For additional information on linker capabilities and detailed descriptions of
LINK command qualifiers and options, see the VAX/VMS Linker Reference Manual.

4.1.1 Functions of the Linker

The primary functions of the linker are to allocate virtual memory within the executable
image, to resolve symbolic references among modules being linked, to assign values to
relocatable global symbols, and to perform relocation. The linker’s end product is an
executable image that you can run on a VAX/VMS system.

For any FORTRAN program unit, the object module generated by the compiler may
contain calls and references to VAX FORTRAN run-time procedures, which the linker
locates automatically in the default system object module libraries. The libraries are de-
scribed in the VAX/VMS Linker Reference Manual.
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4.1.2 The LINK Command
The LINK command initiates the linking of the object file. The command has the form:
$ LINK[/command-qualifiers] file-spec[/file-qualifiers]...

where:

/command-qualifiers
Specifies output file options.

file-spec
Specifies the input object file to be linked.

[file-qualifiers
Specifies input file options.

In interactive mode, you can issue the LINK command with no accompanying file specifi-
cation. The system then requests the file specifications with the following prompt:

File:

You can enter multiple file specifications by separating them with commas or plus signs.
When used with the LINK command, the comma has the same effect as the plus sign; that
is, a single executable image is created from the input files specified. If no output file is
specified, the linker produces an executable image with the same name as that of the first
object module and with a file type of EXE. Table 4-1 lists the linker qualifiers of particular.
interest to FORTRAN users. See the VAX/VMS Linker Reference Manual for details on
the linker.

Table 4-1: LINK Command Qualifiers

Function Qualifiers Defaults

Request output file and de- /EXECUTABLE[:file-spec] /EXECUTABLE=name.EXE,

fine a file specification. /SHAREABLEI=file-spec] where name is the name of the
first input file.
/NOSHAREABLE

Request and specify the con- /BRIEF /NOCROSS._REFERENCE

tents of a memory allocation /INOICROSS__REFERENCE /NOMAP (interactive)

listing. /FULL /MAP=name.MAP (batch)

/INOIMAP where, name is the name of the

first input

Specify the amount of debug- /INOIDEBUG /NODEBUG

ging information. /INOITRACEBACK /TRACEBACK
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Table 4-1 (Cont.): LINK Command Qualifiers

Function Qualifiers Defaults

Indicate that input files are /INCLUDE=(module-name...) Not applicable
libraries and to specifically /LIBRARY

include certain modules. /SELECTIVE_SEARCH
Request or disable the /[NOJSYSLIB /SYSLIB
searching of default user li- /[INOJSYSSHR /SYSSHR

braries and system libraries. /INOJUSERLIBRARY|=table] /USERLIBRARY=ALL

Indicate that an input fileisa /OPTIONS Not applicable
linker options file.

4.1.2.1 Linker Output File Qualifiers

You can include qualifiers in the LINK command to influence the output of the linker. You
can also specify whether the debugging or the traceback facility is to be included.

The debugger and traceback qualifiers are:

/[NO]DEBUG
/[NOJTRACEBACK

The /DEBUG and /TRACEBACK qualifiers are described in Section 4.1.2.2.
Linker output consists of an image file and, optionally, a map file. The qualifiers that

control image and map files are described under the headings that follow.

Image File Qualifiers

The image file qualifiers are /INOJEXECUTABLE and /INOJSHAREABLE. The use and
effects of these two qualifiers are as follows:

¢ /EXECUTABLE Qualifier. If you do not specify an image file qualifier, the default is
/EXECUTABLE, and the linker produces an executable image.

To suppress production of an image, specify /NOEXECUTABLE. For example, in the
following command, the file CIRCLE.OBJ is linked, but no image is generated:

$ LINK/NOEXECUTABLE CIRCLE

The /NOEXECUTABLE qualifier is useful if you want to verify the results of linking
an object file without actually producing the image.

To designate a file specification for an executable image, use the /EXECUTABLE
qualifier in the form:

/EXECUTABLE=file-spec
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For example, in the following command, the file CIRCLE.OBJ is linked and the
executable image generated by the linker is named TEST.EXE:

$ LINK/EXECUTABLE=TEST CIRCLE

e /SHAREABLE Qualifier. A shareable image is an image that has all of its 1nternal
references resolved, but it must be linked with one or more object modules to produce
an executable image. A shareable image file, for example, can contain a library of
routines or can be used by the system manager to create a global section for all users.
To create a shareable image, specify the /SHAREABLE qualifier, as shown in the
following example:

$ LINK/SHAREABLE CIRCLE

To include a shareable image as input to the linker, you can insert the shareable image
into a shareable-image library and specify the library as input to the LINK command.
By default, the linker automatically searches the system-supplied shareable-image
library SYS$LIBRARY:IMAGELIB.OLB after searching any libraries you specify on
the LINK command line. You can also include a shareable image by using a linker
options file. See the VAX/VMS Linker Reference Manual for more information.

If you specify (or default to) /NOSHAREABLE, the image produced cannot be linked
with other images.

Map File Qualifiers
The map file qualifiers tell the linker whether a map file is to be generated and, if so, what
information is to be included.

The map qualifiers are specified as follows:

/MAP(=file-spec] ’BR'EF} [/CROSS__REFERENCE]
JFULL

The linker uses the following map file defaults: in interactive mode, the default is to
suppress the map; in batch mode, the default is to generate the map.

If you do not include a file specification with the /MAP qualifier, the map file has the name
of the first input file and a file type of MAP. It is stored on the default device in the default
directory.

The /BRIEF and /FULL qualifiers define the amount of information included in the map
file. They function as follows:

* /BRIEF produces a summary of the image’s characteristics and a list of contributing
modules.

e /FULL produces a summary of the image’s characteristics and a list of contributing
modules (as produced by /BRIEF). It also produces a list, in symbol-name order, of
global symbols and values (program, subroutine, and common block names, and
names declared EXTERNAL) and a summary of characteristics of image sections in
the linked image.
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If neither /BRIEF nor /FULL is specified, the map file, by default, contains a summary of
the image’s characteristics, a list of contributing modules (as produced by /BRIEF), and a
list of global symbols and values, in symbol-name order.

You can use the /CROSS_REFERENCE qualifier with either the default or /FULL map
qualifiers to request cross-reference information for global symbols. This cross-reference

information indicates the object modules that define and/or refer to global symbols encoun-
tered during linking. The default is NOCROSS_REFERENCE.

4.1.2.2 /DEBUG and /TRACEBACK Qualifiers

The /DEBUG qualifier indicates that the debugger (see Chapter 17) is to be included in the
executable image and that local symbol information contained in the object modules is to
be included. The default is /NODEBUG.

When you use the /TRACEBACK qualifier, run-time error messages will be accompanied
by a symbolic traceback that shows the sequence of calls that transferred control to the
program unit in which the error occurred. If you specify /NOTRACEBACK, this informa-
tion is not produced. The default is /TRACEBACK.

If you specify /DEBUG, the traceback capability is automatically included, and the
/TRACEBACK qualifier is ignored. (See Section 4.3.1 for a sample traceback list.)

4.1.2.3 Linker Input File Qualifiers

Input file qualifiers affect the file specifications of input files. Input files can be object files,
shareable files previously linked, or library files.

The qualifiers that control linker input files are the /LIBRARY qualifier and the
/INCLUDE qualifier.

¢ The /LIBRARY qualifier has the form:
/LIBRARY

This qualifier specifies that the input file is an object-module or shareable-image
library that is to be searched to resolve undefined symbols referenced in other input
modules. The default file type is OLB.

e The /INCLUDE qualifier has the form:
/INCLUDE=module-name(s)

The qualifier specifies that the input file is an object-module or shareable-image
library and that the modules named are the only modules in the library to be explicitly
included as input. In the case of shareable-image libraries, the module is the share-
able-image name.

At least one module name is required. To specify more than one, enclose the module
names in parentheses and separate the names with commas.

The default file type is OLB. The /LIBRARY qualifier can also be used, with the same
file specification, to indicate that the same library is to be searched for unresolved
references.
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4.1.3 Linker Messages

If the linker detects any errors while linking object modules, it displays messages about
their cause and severity. If any errors or fatal conditions occur (severities E or F), the linker
does not produce an image file.

Linker messages are descriptive, and you do not normally need additional information to
determine the specific error. Some of the more common errors that occur during linking are
as follows:

* An object module has compilation errors. This error occurs when you attempt to link a
module that had warnings or errors during compilation. Although you can usually link
compiled modules for which the compiler generated messages, you should verify that
the modules will actually produce the output you expect.

® The modules that are being linked define more than one transfer address. The linker
generates a warning if more than one main program has been defined. This can occur,
for example, when an extra END statement exists in the program. The image file
created by the linker in this case can be run; the entry point to which control is
transferred is the first one that the linker found.

¢ A reference to a symbol name remains unresolved. This error occurs when you omit
required module or library names from the LINK command and the linker cannot
locate the definition for a specified global symbol reference.

If an error occurs when you link modules, you can often correct it simply by reentering the
command string and specifying the correct routines or libraries.

4.2 Running FORTRAN Programs

This section describes the following considerations for executing FORTRAN programs on
the VAX/VMS operating system:

¢ Using the RUN command to execute programs interactively

¢ Passing status values to the command interpreter

4.2.1 The RUN Gommand

The RUN command initiates execution of a program.
The command has the form:
$ RUN[/[NO]DEBUG] file-spec

You must specify the file name. If you omit optional elements of the file specification, the
system automatically provides a default value. The default file type is EXE.
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The /DEBUG qualifier allows you to use the debugger, even if you omitted this qualifier
from the FORTRAN and LINK commands. Refer to Section 4.3 for details.

Before the image is activated, the system initializes to zero all variables and arrays that are
not initialized by means of DATA statements. (Note: It is not considered a good program-
ming practice to rely on this, however.)

4.2.2 System Processing at Image Exit

When the main program executes an END statement, or when any program unit in the
program executes a STOP statement, the image is terminated. In the VAX/VMS operating
system, the termination of an image, or image exit, causes the system to perform a variety
of clean-up operations during which open files are closed, system resources are freed, and so
on.

4.2.3 Interrupting a Program

When you execute the RUN command interactively, you cannot execute any other program
images or DCL commands until the current image completes. However, if your program is
not performing as expected—if, for instance, you have reason to believe it is in an endless
loop—you can interrupt it. To do so, use the <CTRL/Y> key. (You may also use the
<CTRL/C> key, unless your program takes specific action in response to <CTRL/C>.) For
example:

$ RUN APPLIC

v

%

This command interrupts the program APPLIC. After you have interrupted a program, you
can terminate it by entering a DCL command that causes another image to be executed or
by entering the DCL commands EXIT or STOP.

Following a <CTRL/Y> interruption, you can also force an entry to the debugger by
entering the DEBUG command.

There are some other DCL commands you can enter that have no direct effect on the
image. After using them, you can resume the execution of the image with the DCL com-
mand CONTINUE. For example:

$ RUN APPLIC

.y

$ SHOW TRANSLATION INFILE

INFILE = (undefined)
$ DEFINE INFILE DBA1:[(TESTFILESIJANUARY.DAT
$ CONTINUE
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For a complete list of the commands you can enter following a <CTRL/Y> interruption
without affecting the current image, see the VAX/VMS Command Definition Utility Refer-
ence Manual.

As noted above, you may use <CTRL/C> to interrupt your program; in most cases, the
effect of <CTRL/C> and <CTRL/Y> is the same. However, some programs (including
programs you may write) establish particular actions to take to respond to <CTRL/C>.If a
program has no <CTRL/C> handling routine, then <CTRL/C> is the same as <CTRL/Y>.

4.2.4 Returning Status Values to the Gommand Interpreter

If you run your program as part of a command procedure, it is frequently useful to return a
status value to the command procedure indicating whether the program actually executed
properly. To return such a status value, call the EXIT system subroutine rather than
terminating execution with a STOP, RETURN, or END statement. The EXIT subroutine
can be called from any executable program unit. It terminates your program and returns
the value of the argument as the return status value of the program. See Section D.4.4 for a
description of the EXIT subroutine.

When the command interpreter receives a status value from a terminating program, it
attempts to locate a corresponding message in a central system message file or a user-
defined message file. Every possible message that can be issued by a system program,
command, or component, has a unique 32-bit numeric value associated with it. These 32-
bit numeric values are called condition symbols. Condition symbols are described in Sec-
tion 6.9 of the VAX FORTRAN User’s Guide.

The command interpreter does not display messages on completion of a program under the
following circumstances:

e The EXIT argument specifies the value 1, corresponding to SUCCESS.

e The program does not return a value. If the program terminates with a RETURN,
STOP, or END statement, a value of 1 is always returned and no message is displayed.

4.3 Finding and Correcting Run-Time Errors
Both the compiler and the VAX Run-Time Library include facilities for detecting and

reporting errors. You can use the VAX Symbolic Debugger and the traceback facility to
help you locate errors that occur during program execution.
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4.3.1 Effects of Error-Related Command Qualifiers

At each step in compiling, linking, and executing your program, you can specify command
qualifiers that affect how errors are processed.

* At compile time, you can specify the /DEBUG qualifier on the FORTRAN command
to ensure that symbolic information is created for use by the debugger.

e At link time, you can also specify the /DEBUG qualifier on the LINK command to
make the symbolic information available to the debugger.

¢ At run time, you can specify the /DEBUG qualifier on the RUN command to invoke
the debugger.

Table 4-2 summarizes the /DEBUG and /TRACEBACK qualifiers.

Table 4-2: /DEBUG and /TRACEBACK Qualifiers

Qualifier Command Effect Default
/DEBUG FORTRAN The FORTRAN compiler cre- /DEBUG=
ates symbolic data debugger. (NOSYMBOLS,
TRACEBACK)
/DEBUG LINK Symbolic data created by the /NODEBUG

FORTRAN compiler is passed to
the debugger.

/TRACEBACK LINK Traceback information is passed /TRACEBACK
to the debugger. Traceback will
be produced.

/DEBUG RUN Invokes the debugger. The
DBG> prompt will be displayed.
Not needed if $ LINK/DEBUG
was specified.

/NODEBUG RUN If /DEBUG was specified in the
LINK command, RUN/NODE-
BUG starts program execution
without first invoking the de-
bugger.
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If these qualifiers are not specified at any point in the compile-link-execute sequence, a
traceback list is generated by default if an execution error occurs.

To perform symbolic debugging, you must use the /DEBUG qualifier with both the
FORTRAN and LINK commands, but you do not need to specify it with the RUN com-
mand. If /DEBUG is omitted from either the FORTRAN or LINK command, you can still
use it with the RUN command to invoke the debugger. However, any debugging you
perform must then be done by specifying virtual addresses rather than symbolic names.

If you linked your program with the debugger, but wish to execute the program without
debugger intervention, specify:

$ RUN/NODEBUG program-name

If you specify LINK/NOTRACEBACK, you receive no traceback in the event of errors. A
sample source program and a traceback are shown in Figure 4-1.

0001 PROGRAM TRACE_TEST
0002 I =1

0003

o004 CALL SUBI(I)

0005 END

0001 SUBROUTINE SUB1(I)
Q002 I =1+ 1

0003 CALL SuBZ

0004 RETURN

00095 END

0001

0002 SUBROUTINE SUBZ2
0003 COMPLEX W

0004 COMPLEX Z

0005

0006 DATA W/ (0.10,)/
0C07 Z = LOG(W)

0008 RETURN

0008 END

AMTH-F-INVARGMAT invalid ardument to math librarv
user PC 000034D4
ZTRACE-F-TRACEBACK: svmbolic stack dump follows

module rname routine name line relative PC abksolute PC
00001368 00001368
00002C51 O0002CS1
00003404 00003404
suB2 suBz2 : 7 ooo0oo11 Q0000439
SUB1 SUB1 3 QQoO0000C 00000424
TRACE_TEST TRACE.TEST 4 00000014 Q0000414

Figure 4-1: Sample FORTRAN Program and Traceback
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The traceback is interpreted as follows:

When the error condition is detected, you receive the appropriate message, followed by the
traceback information. The Run-Time Library displays a message indicating the nature of
the error and the address at which the error occurred (user PC). This is followed by the
traceback information, which is presented in inverse order to the calls. Note that values
can be produced for relative and absolute PC, with no corresponding values for routine
name and line. These PC values reflect procedure calls internal to the Run-Time Library.

Of particular interest are the values listed under “routine name” and “line.” The names
under ‘‘routine name” show what routine or subprogram called the Run-Time Library,
which subsequently reported the error. The value given for “line” corresponds to the com-
piler-generated line number in the source program listing (not to be confused with editor-
generated line numbers). With this information, you can usually isolate the error in a short
time.

If you specify either LINK/DEBUG or RUN/DEBUG, the debugger assumes control of
execution and you do not receive a traceback list if an error occurs. To display traceback
information, you can use the debugger command SHOW CALLS.

You should specify the /NOOPTIMIZE qualifier on the FORTRAN command line when-
ever you use the debugger; see Section 3.2.3.15.
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Chapter 5
Introduction to VAX FORTRAN

This chapter contains information on the following topics:
¢ The standards that VAX FORTRAN adheres to (Section 5.1)
® The elements that make up a VAX FORTRAN source program (Section 5.2)
* The character set supported by VAX FORTRAN (Section 5.3)
¢ The general rules for coding in VAX FORTRAN (Section 5.4)

5.1 VAX FORTRAN Language Definition

VAX FORTRAN is based on American National Standard FORTRAN-77 (ANSI X3.9-
1978). It includes support for programs that conform to the previous standard (ANSI X3.9-
1966). Extensions to the FORTRAN-77 standard are printed in blue in this manual.

VAX FORTRAN provides the following extensions to the ANSI standard:
o Relative file organization
o Indexed file organization
o Conformance with the VAX procedure-calling standard
o Records and structures
o DO WHILE statement
o Additional data types
o Namelist-directed input/output
° Hexadecimal constants and field descriptors
o Symbolic debugging facility

VAX FORTRAN is also a compatible superset of PDP-11 FORTRAN-77. This means that
you can compile existing PDP-11 FORTRAN-77 source programs using the VAX
FORTRAN compiler (see Appendix B in the VAX FORTRAN User’s Guide).
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5.2 Elements of FORTRAN Source Programs

This section provides an overview of the make up of a FORTRAN source program. It
describes the concept of a program unit and the rules governing the use of statements and
symbols within a program unit. It also describes the use of comments within programs.

5.2.1 Program Units

A program unit is a sequence of statements that defines a computing procedure and is
terminated by an END statement. A program unit can be either a main program or a
subprogram. An executable program consists of one main program and, optionally, one or
more subprograms.

A subprogram is a program unit that is separate from the main program. Subprograms are
invoked from the main program or another subprogram. There are two types of subpro-
grams: function subprograms and subroutine subprograms. See Chapter 10 for detailed
information on subprograms.

5.2.2 Statements

Statements are grouped into two general classes: executable and nonexecutable. Execut-
able statements describe the action of the program. Nonexecutable statements describe
data arrangement and characteristics, and provide editing and data-conversion informa-
tion.

Statements are divided into physical sections called lines. A line is a string of up to 80
characters (optionally, 132; see Section 5.4.5). (Note: FORTRAN-77 limits the length to 72
characters.) If a statement is too long to fit on one line, you can continue it on one or more
additional lines called continuation lines. A continuation line is identified by a continua-
tion character in the sixth column of that line. (For further information on continuation
characters, see Section 5.4.4.)

You can identify a statement with a statement label so that other statements can refer to
it, either to get the information it contains or to transfer control to it. A statement label
must be an integer, and it must appear in the first five columns of a statement’s initial line.
Any statement can have a label; however, you can only refer to labels on executable
statements and FORMAT statements.

5.2.2.1 Order of Statements in a Program Unit

Figure 5-1 shows the required order of statements in a FORTRAN program unit. In this
figure, vertical lines separate statement types that can be interspersed. For example,
DATA statements can be interspersed with executable statements. On the other hand,
horizontal lines indicate statement types that cannot be interspersed. For example, type
declaration statements cannot be interspersed with executable statements.
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Statements included in the category of ‘“‘executable statements” in Figure 5-1 are: AC-
CEPT, ASSIGN, assignment statements, BACKSPACE, CALL, CLOSE, CONTINUE,
DELETE, DO and END DO, ELSE, END, ENDFILE, FIND, GO TO (normal, computed,
and assigned), IF (arithmetic, logical, and block) and END IF, INQUIRE, OPEN, PAUSE,
PRINT, READ, RETURN, REWIND, REWRITE, STOP, TYPE, UNLOCK, and WRITE.

Statements included in the category of ‘“‘other specification statements” in Figure 5-1 are:
COMMON, DICTIONARY, DIMENSION, EQUIVALENCE, EXTERNAL, INTRINSIC,
RECORD, SAVE, structure declarations, type declarations, and VOLATILE. (Note: The
statements STRUCTURE and END STRUCTURE, UNION and END UNION, and MAP
and END MAP are included in this category. They are used only in structure declaration
blocks.)

As a VAX FORTRAN extension, DATA statements can be freely interspersed with
PARAMETER statements and other specification statements.

OPTIONS Statement
PROGRAM,FUNCTION,SUBROUTINE, or BLOCK DATA Statements
IMPLICIT NONE Statement
IMPLICIT
Statements
. PARAMETER
Corpment Other Statements
L'“Zs Specification
an NAMELIST Statements
INCLUDE FORMAT
Statements
and s .
ENTRY tatement Function
DATA .
Definitions
Statements Statements
Executable
Statements
END Statement
ZK-615-82

Figure 5-1: Required Order of Statements and Lines
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5.2.3 Symholic Names

Symbolic names identify entities within a FORTRAN program unit. These entities are
listed in Table 5-2.

A symbolic name is a string of letters, digits, and the special characters dollar sign ($) and
underscore (). The first character in a symbolic name must be a letter. The symbolic
name can contain a maximum of 31 characters. (Note: FORTRAN-77 limits the length of a
symbolic name to six characters.)

Examples of valid symbolic names are:

NUMBER
K8

s
FIND.IT

Examples of invalid symbolic names are:

50 (begins with a numeral)
B.4 (contains a special character other than __ or §)
$FREQ (begins with $)

By convention, symbolic names containing a dollar sign ($) are reserved for use in DIGI-
TAL-supplied software components. To avoid name conflicts, you should not define any
symbolic names in your program that contain a dollar sign.

In most cases, you cannot use the same symbolic name to identify two or more entities in
the same program unit. The exceptions are as follows:

o The names of structures can be used as the names of fields of records (see Sections
8.15.1 and 8.15.2, respectively).

¢ Common block names can be used as variable or array names.

In an executable program consisting of two or more program units, the symbolic names of
the following entities must be unique within the entire program:

¢ Function subprograms

¢ Subroutine subprograms
e Common blocks

e Main programs

¢ Block data subprograms
¢ Function entry points

¢ Subroutine entry points

5-4  Introduction to VAX FORTRAN



That is, if your program contains a function named BTU, you cannot use BTU as the
symbolic name of any other subprogram, entry, or common block in the program, even 1f
the name appears in a different program unit.

Table 5-1 lists those entities that can be given a symbolic name. It also indicates whether
the entities can be given a data type. Sections 6.2.2.1 and 6.2.2.2 discuss how to specify the
data type of a symbolic name.

Table 5-1: Entities Identified by Symbolic Names

Entity Typed
Variables Yes
Arrays Yes
Structures No
Records No
Record elements Yes
Statement functions Yes
Intrinsic functions Yes
Function subprograms Yes
Subroutine subprograms No
Common blocks No
Namelist data groups No
Main programs No
Block data subprograms No
Function entry points Yes
Subroutine entry points No
Parameter constants Yes

5.2.4 Comments

Comments do not affect program processing in any way. They are merely a documentation
aid to the programmer. You can use them freely to describe the actions of the program, to
identify program sections and processes, and to provide greater ease in reading the source
program listing. The letter C or an asterisk (*) in the first column of a source line identifies
that line as a comment; a line containing only spaces is also a comment line. In addition, if
you place an exclamation point (!) in column 1 or anywhere in the statement portion of a
source line, the remainder of that line is treated as a comment.
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5.3 FORTRAN Character Set

The character set supported by VAX FORTRAN consists of the following:
e All uppercase and lowercase letters (A through Z, a through z)
¢ The numerals 0 through 9
¢ The following special characters:

Character Name

A or <TAB> Space or tab

= Equal sign

+ Plus sign

- Minus sign

* Asterisk

/ Slash

( Left parenthesis

) Right parenthesis

, Comma

Period

Apostrophe

" Quotation mark

$ Dollar sign

— Underscore

! Exclamation point

Colon
< Left angle bracket
> Right angle bracket
% Percent sign
& Ampersand
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You can use the space character to improve the legibility of a FORTRAN statement. The
compiler ignores all spaces in a statement field except those within a character or Hollerith
constant. For example, GO TO and GOTO are equivalent.

Other printable ASCII characters can appear in a FORTRAN statement only as part of a
character or Hollerith constant (see Appendix B for a list of printable characters). Any
printable character can appear in a comment. Nonprintable characters should not be used
in a FORTRAN source statement; if they are used, they appear as question marks.

Except in character and Hollerith constants, the compiler makes no distinction between
uppercase and lowercase letters.

5.4 Format Requirements of FORTRAN Source Gode

Each FORTRAN line has the following four fields:
» Statement label field
¢ Continuation indicator field
e Statement field
o Sequence number field

There are two ways to code a FORTRAN line: fixed format or tab format. You may prefer
to use the fixed format method when punching cards or using a coding form. The tab
format method is convenient when you are entering lines at a terminal with a text editor.

5.4.1 Fixed-Format Lines

As shown in Figure 5-2, a FORTRAN line is divided into fields for statement labels,
continuation indicators, statement text, and sequence numbers. Each column represents a
single character. Sections 5.4.3 through 5.4.6 describe the use of each field.
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Fo RTRA N CODER DATE PAGE

CODING FOrM PROSLEM
CComment |5
:! FORTRAN STATEMENT IDENTIFICATION
S’:Yf:l‘:al 3
" :\3'4 sfe]7 8 91011 121314151617 18192021222324 252627202930 313233343336 3738394041 4241444348 474849 50 315253 54533037 3859 606162036.465 660676869 707 7117374 7376 77 78798
THIS PROGRAM CALCULATES PRIME NUMBERS FROM 11 TO 50, . . N o
DO 0 L= e 5.0 2t s et TN NS
)=l
4 =J+2 - —
=l -~
A= L/A
L=1/J,
B=A-L
1 F (B) 5,10, 5
S | F (J.LT.SQRT (FLOAT (1))) GQ TO 4
TYPE 105, [
10 ONTI NUE
1,05 FORMAT (14, ' 1S PRIME:")
ND.
+ + e
+—+ B e o o e L o e e e B L A am e o 2 o B
[E) 3.4 sle] 7 |‘0A|o‘||‘n‘n;u.|s‘u|;|:|::;z|.n‘:;n‘1:z;;;n;v‘:;s;:_:1;;;;;A;a:a;-;u‘a;u‘n‘u;asa‘s1‘11‘31‘u.sa‘u.sr‘u‘wko;u‘._;ula:uAuLu‘uln‘nAn‘u rm‘nnnnlue

PG-3 DIGITAL EQUIPMENTY CORPORATION - MAYNARD, MASSACHUSETTS

ZK-613-82

Figure 5-2: FORTRAN Coding Form

To enter an item in a field, enter it in the column(s) in the coding form, as listed below:
Field Column(s)

Statement label 1 through 5

Continuation indicator 6

Statement 7 through 72 (optionally, to 132)

Sequence number 73 through 80
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5.4.2 Tabh-Format Lines

You can specify the statement label field, the continuation indicator field, and the state-
ment field using tab formatting. However, you cannot specify a sequence number field
using this method of coding. Figure 5~3 illustrates FORTRAN lines coded using tab for-
matting and the equivalent lines with fixed formatting.

112 3 4 51617 8 9 10|11 12 13 14 15|16 17 18 19 20

C @A) FIRST VALUE o FII|R|S|T VIA|[L JU|E
10@aB | = J + 5+K + {110 I = J + 51+ K +
1 L+M 1 L|»*([M

@a®) IVAL = |+2 I |V]A|L = I{+[2

ZK-614-82

Figure 5-3: Line Formatting Example

The statement label field consists of the characters that you type before the first tab
character. The statement label field cannot have more than five characters.

After you type the first tab character, you can type either the continuation indicator field
or the statement field.

To enter the continuation indicator field, type any nonzero digit after the first tab. If you
enter the continuation indicator field, the statement field consists of all the characters after
the digit to the end of the line.

To enter the statement field without a continuation indicator field, type the statement
immediately after the first tab. Note that no FORTRAN statement starts with a digit.

Many text editors and terminals advance the terminal print carriage to a predefined print
position when you press the TAB key. However, this action is not related to the FORTRAN
compiler’s interpretation of the tab character described above.
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The compiler treats the tab character in a statement field the same as a space. In the
source listing that the compiler produces, the tab causes the character that follows to be
printed at the next tab stop (located at columns 9, 17, 25, 33, and so on).

NOTE

Do not use tabs when you are using sequence numbers. If you use tabs to
position your sequence numbers, the compiler may interpret the sequence num-
bers as part of the statement fields in your program.

5.4.3 Statement Label Field

Any statement can have a label. A statement label or statement number consists of from
one to five decimal digits in the statement label field of a statement’s initial line. Spaces
and leading zeros are ignored. An all-zero statement label is invalid.

The only statements that can be referred to by other statements are labeled FORMAT
statements and labeled executable statements (see Section 5.2.2). FORMAT statements
are referred to only in the format specifier of an I/O statement or in an ASSIGN statement.
No two statements within a program unit can have the same label.

The first column of the label field can contain two special indicators: the comment indica-
tor and the debugging statement indicator. These indicators are described in Sections
5.4.3.1 and 5.4.3.2.

The statement label field of a continuation line must be blank—except in the case of a
debugging statement (see Section 5.4.3.2).

5.4.3.1 GComment Indicator

You can use the letter C, an asterisk (*), or an exclamation point (!) in column 1 to indicate
that a line is a comment. The compiler prints that line in the source program listing and
then ignores the line. An all-blank line is also considered to be a comment. The exclama-
tion point can also be used anywhere in the statement field (except when used in a Holler-
ith or character constant) to start an end-of-line comment.

5.4.3.2 Debugging Statement Indicator

You can use the letter D in column 1 to designate debugging statements. The initial line of
the debugging statement can contain a statement label in the remaining columns of the
label field. If a debugging statement is continued onto more than one line, every continua-
tion line must begin with a D (in column 1) and a continuation indicator.

The compiler treats the debugging statement either as source text to be compiled or as a
comment, depending on the setting of the /D_LINES compiler command qualifier. If you
specify /D__LINES, debugging statements are compiled as a part of the source program. If
you do not specify /D__LINES, debugging statements are treated as comments.
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5.4.4 Continuation Indicator Field

A continuation indicator is any character, except zero or space, in column 6 of a FORTRAN
line, or any digit, except zero, after the first tab. The compiler considers the characters
after the continuation character to be the characters following the last character of the
previous line, as if there were no break at that point. If a continuation indicator is a zero or
space, the compiler considers the line to be an initial line of a FORTRAN statement.

Comment lines cannot be continued. They can occur between a statement’s initial line and
its continuation line(s), or between successive continuation lines.

5.4.5 Statement Field

The text of a FORTRAN statement is placed in the statement field. Because the compiler
ignores the tab character and spaces (except in character and Hollerith constants), you can
space the text in any way desired for maximum legibility.

By default, the statement field extends to character position 72. If the default is in effect,
any text following position 72 is ignored and no warning message is printed. However, if the
/EXTEND__SQURCE qualifier is specified on the FORTRAN command (see Section
3.2.3.7), the statement field is extended to position 132. Any text beyond that position will
generate a fatal error and will cause immediate termination of the compilation.

5.4.6 Sequence Number Field

By default, a sequence number or other identifying information can appear in columns 73
through 80 of any line in a FORTRAN program. The compiler ignores the characters in this
field. However, if the /EXTEND__SOURCE qualifier is specified on the FORTRAN com-
mand (see Section 3.2.3.7), a sequence number field does not exist because the statement
field is extended to position 132.
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Chapter 6
Data Types, Data ltems, and Expressions

This chapter contains information on the following topics:
e Data types—integer, real, complex, logical, character, and Hollerith (Section 6.1)

¢ Data items—constants, variables, arrays, character substrings, and records (Section
6.2)

o Expressions—arithmetic, character, relational, and logical (Section 6.3)

6.1 Data Types

Each constant, variable, array, expression, or function reference in a FORTRAN statement
represents typed data. The data type of these items can be inherent in their constructions,
implied by convention, or explicitly declared. The data types available in FORTRAN, and
their definitions, are:

¢ Integer—a whole number.

e REAL (REAL+*4)—a floating point number, that i 1s, a whole number, a decimal frac-
tion, or a combination of the two.

¢ DOUBLE PRECISION (REAL#*8)—similar to REAL+*4; has more than twice the de-
gree of accuracy in its representation (the G__floating implementation also has an
extended range).

o REAL*16—similar to REAL+*4; has an extended range, and more than four times the
accuracy in its representation.

e COMPLEX (COMPLEX*8)—a pair of REAL#4 values that represent a complex num-
ber; the first value represents the real part of that number, and the second represents
the imaginary part.

o DOUBLE COMPLEX (COMPLEXx*16)—similar to complex; its real and imaginary
parts are REAL=*8.
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¢ Logical—a logical value, .TRUE. or .FALSE.
¢ Character—a string of characters.

o Hollerith—a string of printable characters preceded by a character count and the
letter H. .

See Appendix C for descriptions of the VAX hardware representations of these data types.

6.1.1 Storage Requirements

An important attribute of each data type is the amount of memory required to represent a
value of that type. Variations on the basic types affect either the accuracy of the repre-
sented value or the allowed range of values.

ANSI FORTRAN defines a “numeric storage unit”’ as the amount of storage needed to
represent a REAL, INTEGER, or LOGICAL value. In VAX FORTRAN, a numeric storage
unit corresponds to four bytes of memory. REAL*8 and COMPLEX*8 values occupy two of
these numeric storage units, whereas REAL*16 and COMPLEX+*16 values occupy four.

ANSI FORTRAN defines a ‘“‘character storage unit” as the amount of storage needed to
represent one character value. In VAX FORTRAN, a character storage unit corresponds to
one byte of memory.

VAX FORTRAN provides additional data types for optimum selection of performance and
memory requirements. Table 6-1 lists the data types available, the names associated with
each data type, and the amount of storage required (in bytes). The form *n appended to a
data type name is called a data type length specifier.

Table 6-1: Data Type Storage Requirements

Storage Requirements

Data Type (in bytes)
BYTE 11l
LOGICAL 2 or 4 2
LOGICAL*1 1!
LOGICAL=*2 2
LOGICAL*4 4
INTEGER 2 or 4?2
INTEGER#2 2
INTEGER*4 4
REAL 4
REALx4 4
REAL+*8 8
DOUBLE PRECISION 8
REAL+16 16
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Table 6-1 (Cont.): Data Type Storage Requirements

Storage Requirements

Data Type (in bytes)
COMPLEX 8
COMPLEX*8 8
COMPLEX+*16 16
DOUBLE COMPLEX 16
CHARACTER+len len 3
CHARACTERx(*)

1 The 1-byte storage area can contain the logical values true or false, a single character, or integers in
the range -128 to 127.

2 Either two or four bytes are allocated depending on the setting of the [NO]I4 qualifier. The default
allocation is four bytes.

3The value of len is the number of characters specified, which can be in the range 1 to 65535. Passed-
length format, *(*), applies to dummy arguments or character functions, and indicates that the
length of the actual argument or function is used (see Chapter 10).

6.1.2 VAX Implementations of REAL*8

There are two implementations of the REAL*8 (and COMPLEX+16) data type on VAX:
D__floating and G—floating. The G__floating implementation offers a greater range, but a
smaller number of significant digits of precision, than the D__floating implementation.
You select the G__floating implementation by compiling the program with the
/G_FLOATING qualifier in the FORTRAN command line or the OPTIONS statement;
the default implementation of REAL=*8 is D__floating.

Some VAX processors do not implement one or more of the floating point data types. For
these processors, the data types not supported in hardware or microcode are emulated in
software. You should be aware of which data types are emulated on the system you use
because processing time with software emulation is much slower. The FORTRAN data
type you use—especially REAL+*8—should be chosen with this in mind.

See Sections 6.2.1.2, C.4, C.4.2, and C.4.3 for more detailed information on the two imple-
mentations of the REAL+*8 data type.
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6.2 Data ltems

Data items that you use in VAX FORTRAN statements are as follows:
o Constants—fixed, self-describing values.
¢ Variables—stored values represented by symbolic names.

¢ Arrays—groups of values that are stored contiguously and can be referred to individu-
ally or collectively. Individual values are called array elements.

¢ Character substrings—a contiguous segment of a character variable or character array
element.

o Records—structured data items consisting of one or more elements (variables and
arrays) or one or more groups of these elements. Different record elements in the same
record can have unlike data types.

These data items are discussed in this order in Sections 6.2.1 through 6.2.5.

6.2.1 Constants

A constant is a data item with a fixed value; the value cannot be changed during program
execution. The value of a constant can be a numeric value, a logical value, or a character
string. There are eight types of constants:

. Integer

* Real

¢ Complex

o Octal

o Hexadecimal
¢ Logical

¢ Character

o Hollerith

Octal, hexadecimal, and Hollerith constants have no data type. They assume a data type
that conforms to the context in which they appear (see Sections 6.2.1.4 and 6.2.1.7, respec-
tively).

NOTE

The generic term scalar reference is used throughout this manual to refer collec-
tively to all references that resolve to single, typed data items. All eight types of
constants fall into the scalar reference category.

Section 6.2.6 provides a thorough discussion of this new terminology.
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6.2.1.1 Integer Constants

An integer constant is a whole number with no decimal point. It can have a leading sign
and is interpreted as a decimal number.

An integer constant has the form:

snn
where:
s

is an optional sign.
nn

is a string of decimal digits.

Leading zeros, if any, are ignored. A minus sign must appear before a negative integer
constant, whereas a plus sign is optional before a positive constant (an unsigned constant is
assumed to be positive). Except for a leading algebraic sign, an integer constant cannot
contain any character other than the numerals 0 through 9. The value of an integer con-
stant must be within the range -2147483648 to 2147483647.

Examples of valid and invalid integer constants are:

Valid Invalid (with explanation)
0 99999999999 (too large)
-127 3.14 (decimal point and
+32123 32,767 comma not allowed)

If the value of the constant is within the range -32768 to 32767, it represents a 2-byte signed
quantity and is treated as an INTEGER+*2 data type. If the value is outside that range, it
represents a 4-byte signed quantity and is treated as an INTEGER+*4 data type.

Integer constants can also be specified in octal form; see Section A.5.

6.2.1.2 Real Gonstants

A real constant is a number written with a decimal point or exponent (or both). The
constant can be positive, zero, or negative, and can have single precision (REAL#*4), double
precision (REAL*8), or quad precision (REAL*16).

The different types of real constants (REAL*4, REAL*8, and REAL*16) are described
under the headings that follow.
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REAL+4 (REAL) Constants

A REAL=*4 constant can be any one of the following:
¢ A basic real constant
* A basic real constant followed by a decimal exponent
¢ An integer constant followed by a decimal exponent

Integer constants are defined in the preceding subsection. A basic real constant is a string
of decimal digits having one of the following forms:

s.nn
snn.nn
snn.
where:
s
is an optional sign.
nn

is a string of decimal digits.

The decimal point can appear anywhere in the string. The number of digits is not limited,
but typically only the leftmost seven digits are significant. Leading zeros (zeros to the left
of the first nonzero digit) are ignored in counting the leftmost seven digits. Thus, in the
constant 0.00001234567, all of the nonzero digits, and none of the zeros, are significant.

A decimal exponent has the form:

Esnn
where:
s

is an optional sign.
nn

is an integer constant.

The exponent represents a power of 10 by which the preceding real or integer constant is to
be multiplied (for example, 1.0E6 represents the value 1.0 * 10%6),

A REAL=*4 constant occupies four bytes of VAX storage, and it is interpreted as a real
number with a degree of precision that is typically seven decimal digits (see Sections C.4
and C.4.1).

A minus sign must appear before a negative REAL*4 constant; a plus sign is optional
before a positive constant. Similarly, a minus sign must appear between the letter E and a
negative exponent, whereas a plus sign is optional between the letter E and a positive
exponent.
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A REAL#4 constant cannot contain any character other than the numerals 0 through 9,
except for algebraic signs, a decimal point, and the letter E (if used).

If the letter E appears in a REAL+*4 constant, an integer constant exponent field must
follow. The exponent field cannot be omitted; it can, however, be zero.

The magnitude of a nonzero REAL*4 constant cannot be smaller than approximately
0.29E-38 or greater than approximately 1.7E38.

Examples of valid and invalid REAL*4 constants follow:

Valid Invalid (with explanation)
3.14159 1+234,5G67, (commas not allowed)
621712, 325E-45 (too small)
-, 00127 -47.E47  (too large)
+5,0E3 100 (decimal point missing)
2E-3 $25,00 (special character

not allowed)

REAL+8 (DOUBLE PRECISION) Constants

A REAL=*8 constant is a basic real constant or an integer constant followed by a decimal
exponent of the form:

Dsnn
where:
s

is an optional sign.
nn

is a string of decimal digits.

There are two implementations of the REAL*8 constant: D__floating and G_floating.
Both implementations have the same syntax and storage requirements, but each has a
different number of significant digits and a different exponent range. The G_floating
implementation is invoked with the /G_FLOATING qualifier.

A REAL+8 constant occupies eight bytes of storage. The number of digits that precede the
exponent in a REAL=*8 constant is not limited. However, the degree of precision is typically
only the leftmost 16 (for D__floating) or 15 (for G__floating) digits (see Sections C.4, C.4.2,
and C.4.3).

A minus sign must appear before a negative REAL*8 constant; a plus sign is optional
before a positive constant. Similarly, a minus sign must appear between the letter D and a
negative exponent, whereas a plus sign is optional between the letter D and a positive
exponent,
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If the letter D appears in a REAL+*8 constant, an integer constant exponent field must
follow. The exponent field following the letter D cannot be omitted; it can, however, be
Zero.

The magnitude of a nonzero REAL+*8 constant cannot be less than approximately 0.29D-38
or greater than approximately 1.7D38 for the D__floating implementation; nor can it be
less than approximately 0.56D-308 or greater than approximately 0.9D308 for the G__
floating implementation.

Examples of valid and invalid D__floating and G_floating REAL+*8 constants follow:

D__floating
Valid Invalid (with explanation)
1234567890D+5 1234567890045 (too large)
+2.,71828182846182D00 1234567880,0D-89 (too small)
-72,5D-15 +2.,7182812846182 {no Dsnn present;
1D0 this is a valid single-precision
constant)
G__floating
Valid Invalid(with explanation)
123456789.D0 123456789.,D400 (too large)
+2,34567890123D-5 123456789.,D-400 (too small)

-1D+300

6.2.1.2.1 REAL+16 Gonstants

A REAL~*16 constant is a basic real constant or an integer constant followed by a decimal
exponent of the form:

Qsnn
where:
s

is an optional sign.
nn

is a string of decimal digits.

A REAL~*16 constant occupies 16 bytes of VAX storage. The number of digits that precede
the exponent is not limited; however, typically only the leftmost 33 digits are significant
(see Sections C.4 and C.4.4).
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A minus sign must appear before a negative REAL*16 constant; a plus sign is optional
before a positive constant. Similarly, a minus sign is required between the letter Q and a
negative exponent, whereas a plus sign is optional between the letter Q and a positive
exponent.

If the letter Q appears in a REAL#16 constant, an integer constant exponent field must
follow. The exponent field following the letter Q cannot be omitted; however, it can be zero.

The magnitude of a nonzero REAL#*16 constant cannot be less than approximately 0.84Q-
4932 or greater than approximately 0.59Q4932.

Examples of valid and invalid REAL#*16 constants follow:

Valid Invalid (with explanation)
12345678904000 1.95000 (too large)
-1.,230-400 1,0-5000 (too small)
+2,7200

6.2.1.3 Gomplex Constants

A complex constant consists of a pair of real or integer constants, The two constants are
separated by a comma and enclosed in parentheses. The first constant represents the real
part of that number, and the second constant represents the imaginary part.

VAX FORTRAN supports COMPLEX+8 and COMPLEX*16 complex constants. These
are described under the headings that follow.

COMPLEX+8 (COMPLEX) Constants

A COMPLEX+*8 constant is a pair of integer or REAL*4 constants that represents a
complex number.

A COMPLEX+*8 constant has the form:
(c,e)

where:

c
is an integer or REAL*4 constant.

The parentheses and comma are part of the constant and are required. See Section 6.2.1.2
for the rules for forming REAL+*4 constants.

A COMPLEX+*8 constant occupies eight bytes of VAX storage and is interpreted as a
complex number (see Sections C.4 and C.4.5).
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The following are examples of valid and invalid COMPLEX+*8 constants.

Valid Invalid (with explanation)

(1,7039,-1,70391) (1,234 (second REAL constant is missing)
(+12738E3,0,)

(1,2) (1.0, 0©000) (REAL*16 constants are not allowed)

CONIPLEX+16 (DOUBLE GORPLEX) Constants

A COMPLEX=*16 constant is a pair of constants that represent a complex number. One
constant must be REAL+*8; the other must be an integer, REAL+*4, or REAL*8. The two
constants are separated by a comma and enclosed in parentheses; the first constant repre-
sents the real part of the complex number, the second the imaginary part. There are two
implementations of COMPLEX=*16, corresponding to the D__floating and G_floating im-
plementations of REAL=*8.

A COMPLEX=*16 constant has the form:
{c,c)
where:

Cc

is an integer, a REAL*4, or a REAL#8 constant. (One of the pair must be a REAL*8
constant.)

The parentheses and the comma are part of the constant and are required. See Section
6.2.1.2 for the rules governing the formation of REAL+8 constants.

A COMPLEX=*16 constant occupies 16 bytes of VAX storage and is interpreted as a com-
plex number (see Sections C.4, C.4.6, and C.4.7).

Examples of valid and invalid COMPLEX=*16 constants follow:

Valid Invalid (with explanation)

(1,7039D0-1,703900) (1.,23D0) (second constant missing)

(+12739D3,0.,D0) (0.,800,0,400) (REAL*16 constants not al-
lowed)

(1,0D300,-1,0D300) (both constants out of range
for D__floating implementa-
tion of REAL=+8; valid for
G__floating implementation
of REAL*8)
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6.2.1.4 Octal and [lexadecimal Constants

Octal and hexadecimal constants are alternative ways to represent numeric constants. You
can use them wherever numeric constants are allowed.

An octal constant is a string of octal digits enclosed by apostrophes and followed by the
alphabetic character O. An octal constant has the form:

"C4CyC4...0, O
where:
c
is a digit in the range 0 to 7.

A hexadecimal constant is a string of digits enclosed by apostrophes and followed by the
alphabetic character X. A hexadecimal constant has the form:

"€4C5C3..-C X
where:
Cc
is a digit in the range 0 to 9, or a letter in the range A to F or a to f.

Leading zeros are ignored in octal and hexadecimal constants. You can specify up to 128
bits (43 octal digits, 32 hexadecimal digits).

Examples of valid and invalid octal constants are:

Valid Invalid (with explanation)
077370 177820 (invalid character)
‘10 7772°0 (no initial apostrophe)
0737 (no O after second apostrophe)

Examples of valid and invalid hexadecimal constants are:

Valid Invalid (with explanation)
‘AF9730 K ‘999, ‘¥ (invalid character)
'FFABC ' X "FOX (no apostrophe before the X)
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Octal and hexadecimal constants are “typeless” numeric constants. They assume data
types based on the way they are used (and thus are not converted before use), as follows:

o When the constant is used with a binary operator, including the assignment operator,
the data type of the constant is the data type of the other operand. For example:

Data Type Length of
Statement of Constant Constant
INTEGER*2 ICOUNT
REAL*8 DOUBLE
RAPHA = '99AFZ 'Y REAL+4 4
JCOUNT = ICOUNT + 7770 INTEGER#2 2
DOUBLE = ‘FFF989A 'Y REAL=*8 8
IF (N ,EQ, “123/'0D0GOTO 10) " INTEGER*4 4

o When a specific data type (generally integer) is required, that type is assumed for the
constant. For example:

Data Type Length of
Statement : of Constant Constant
YOIX)Y = ¥Y(715°0) + 3, INTEGER+4 4

o When the constant is used as an actual argument, no data type is assumed; however, a
length of four bytes is always used. For example:

Data Type Length of
Statement of Constant Constant
CALL APAC( '34BC2 ") None 4

o When the constant is used in any other context, an INTEGER+4 data type is assumed.
For example:

Data Type Length of
Statement of Constant Constant
IF ( ‘AF77 %) 14243 INTEGER+4 4
I=7'7777'0 - ‘A39‘X INTEGER+4 4
J = NOT., 737770 INTEGER+4 4

An octal or hexadecimal constant specifies as much as 16 bytes of data. When the data type
implies that the length of the constant is more than the number of digits specified, the
leftmost digits have a value of zero. When the data type implies that the length of the
constant is less than the number of digits specified, the constant is truncated on the left.
An error results if any nonzero digits are truncated. Table 6-1 (in Section 6.1.1) lists the
number of bytes that each data type requires.
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6.2.1.5 Logical Constants

A logical constant specifies a logical value, true or false. Thus, only the following two
logical constants are possible:

.TRUE.
FALSE.

The delimiting periods are a required part of each constant.

6.2.1.6 Character Constants
A character constant is a string of printable ASCII characters enclosed by apostrophes.

A character constant has the form:
"C4CoC3.--C

where:

c
is a printable character.

Both delimiting apostrophes must be present.

The value of a character constant is the string of characters between the delimiting apos-
trophes. The value does not include the delimiting apostrophes, but does include all spaces
or tabs within the apostrophes.

Within a character constant, the apostrophe character is represented by two consecutive
apostrophes (with no space or other character between them).

The length of the character constant is the number of characters between the apostrophes,
except that two consecutive apostrophes represent a single apostrophe. The length of a
character constant must be in the range 1 to 2000.

Examples of valid and invalid character constants are:

Valid Invalid (with explanation) .
'WHAT?’ ‘HEADINGS (no trailing apostrophe)
‘TODAY"S DATE I5: / " (character constant must contain

at least one character)

‘HE SAID s "HELLO"’ "NOW/OR NEVER"  (quotation marks cannot be used
in place of apostrophes)

If a character constant appears in a numeric context (for example, as the expression on the
right side of an arithmetic assignment statement), it is considered a Hollerith constant (see
next section).
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6.2.1.7 Hollerith Constants

A Hollerith constant is a string of printable characters preceded by a character count and
the letter H.

A Hollerith constant has the form:
nHc,C,Ca...C,
where:

n

is an unsigned, nonzero integer constant stating the number of characters in the string
(including spaces and tabs).

is a printable character.
A Hollerith constant can be a string of 1 to 2000 characters.
Hollerith constants are stored as byte strings, one character per byte.

Hollerith constants have no data type. They assume a numeric data type according to the
context in which they are used. Hollerith constants cannot assume a character data type
and cannot be used where a character value is expected.

Examples of valid and invalid Hollerith constants are:

Valid Invalid (with explanation)
1GHTODAY 'S DATE IS: 3HABCD (wrong number of characters)
1HB OH (Hollerith constants must contain at

least one character)

When Hollerith constants are used in numeric expressions, they assume data types accord-
ing to the following rules:

o When the constant is used with a binary operator, including the assignment operator,
the data type of the constant is the data type of the other operand. For example:

Data Type Length of
Statement of Constant Constant
INTEGER*2 ICOUNT
REAL*8 DOUBLE
RALPHA = 4HABCD REAL*4 4
JCOUNT = TCOUNT + 2HXY INTEGER*2 2
DOUBLE = BHABCDEFGH REAL*8 8
IF (N, EQ, 1HZ) GO TO 10 INTEGER*4 4
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o When a specific data type is required, generally integer, that type is assumed for the
constant. For example:

Data Type Length of
Statement of Constant Constant
Y({IX) = ¥Y(1HA) + 3, INTEGER*4 4
o When the constant is used as an actual argument, no data type is assumed. For
example:
Data Type Length of
Statement of Constant Constant
CALL APAC(9HABCDEFGHI) None 9

o When the constant is used in any other context, an INTEGER=+4 data type is assumed.
For example:

Data Type Length of
Statement of Constant Constant
IF (2HAB) 1243 INTEGER*4 4
I = 1HC - 1HA INTEGER*4 4
J = JNOT. LHB INTEGER*4 4

When the length of the constant is less than the length implied by the data type, spaces are
appended to the constant on the right. When the length of the constant is greater than the
length implied by the data type, the constant is truncated on the right. An error results if
any characters other than space characters are truncated.

Table 6-1 (in Section 6.1.1) lists the number of characters required for each data type.
Each character occupies one byte of storage.

6.2.2 Variables

A variable is represented by a symbolic name associated with a storage location. The value
of the variable is the value currently stored in that location; you can change that value by
assigning a new value to the variable. (See Section 5.2.3 for the form of a symbolic name.)

Variables are classified by data type, just as constants are. The data type of a variable
indicates the type of data it represents, its precision, and its storage requirements. When
data of any type is assigned to a variable, it is converted, if necessary, to the data type of
the variable. You can establish the data type of a variable by type declaration statements,
IMPLICIT statements, or predefined typing rules.
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NOTE

The generic term scalar reference is used throughout this manual to refer collec-
tively to all references that resolve to single, typed data items. All types of
variables fall into the scalar reference category.

Section 6.2.6 provides a thorough discussion of this new terminology.

Two or more variables are associated with each other when each is associated with the same
storage location. They are partially associated when part (but not all) of the storage associ-
ated with one variable is the same as part or all of the storage associated with another
variable. Association and partial association occur when you use COMMON statements,
EQUIVALENCE statements, MAP declarations (within STRUCTURE declaration
blocks), or actual arguments and dummy arguments in subprogram references.

A variable is considered defined if the storage associated with it contains data of the same
type as that of the name. A variable can be defined before program execution by a DATA
statement or during execution by an assignment or input statement.

If variables of different data types are associated (or partially associated) with the same
storage location, and the value of one variable is defined (for example, by assignment), the
value of the other variable becomes undefined.

6.2.2.1 Data Type by Specification
Type declaration statements (see Section 8.4) specify that given variables are to represent
specified data types. For example:

COMPLEX VAR1
DOUBLE PRECISION VYARZ

These statements indicate that the variable VARI is to be associated with an 8-byte
storage location that is to contain complex data, and that the variable VAR2 is to be
associated with an 8-byte double-precision storage location.

The IMPLICIT statement (see Section 8.8) has a broader scope. It states that, in the
absence of an explicit type declaration, any variable with a name that begins with a
specified letter, or any letter within a specified range, is to represent a specified data type.

You can explicitly specify the data type of a variable only once. An explicit data type
specification takes precedence over the type implied by an IMPLICIT statement.

Character type declaration statements (see Sections 8.4 and 8.4.2) specify that given varia-
bles are to represent character values with the length specified. For example:

CHARACTER*72 INLINE
CHARACTER NAME*12, NUMBER*9

These statements indicate that the variables INLINE, NAME, and NUMBER are to be
associated with storage locations containing character data of lengths 72, 12, and 9, respec-
tively.
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Passed-length character arguments are used within a single subprogram to process charac-
ter strings of different lengths. The passed-length character argument has a length specifi-
cation of asterisk (*). For example:

CHARACTER#*(*) CHARDUMMY

The passed-length character argument assumes the length of the actual argument (see
Chapter 10).

6.2.2.2 Data Type by Implication

In the absence of either IMPLICIT statements or explicit type statements, all variables
with names beginning with I, J, K, L, M, or N are assumed to be integer variables.
Variables with names beginning with any other letter are assumed to be REAL#4 variables. -
For example:

Real Variables Integer Variables
ALPHA JCOUNT
BETA ITEM
TOTAL NTOTAL

6.2.3 Arrays

An array is a group of contiguous storage locations associated with a single symbolic name,
the array name. The individual storage locations (called array elements) are referred to by
a subscript appended to the array name. Section 6.2.3.2 discusses subscripts.

An array can have from one to seven dimensions. For example, a column of figures is a one-
dimensional array. A table of more than one column of figures is a two-dimensional array.
To refer to a specific value in this array, you must specify both its row number and its
column number. A table of figures that covers several pages is a three-dimensional array.
To locate a value in this array, you must specify the row number, column number, and a
page number.

The following FORTRAN statements establish arrays:
e Type declaration statements (see Section 8.4)
¢ The DIMENSION statement (see Section 8.5)
¢ The COMMON statement (see Section 8.2)

These statements contain array declarators (see Section 6.2.3.1) that define the name of
the array, the number of dimensions in the array, and the number of elements in each
dimension.

An element of an array is considered defined if the storage associated with it contains data
of the same data type as that of the array name (see Section 6.2.3.3). You can define an
array element or an entire array before program execution with a DATA statement. During
program execution, you can define an array element with an assignment or input state-
ment; and an entire array with an input statement.
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6.2.3.1 Array Declarators

An array declarator specifies the symbolic name that identifies an array within a program
unit and indicates the properties of that array.

An array declarator has the form:

a(d[,d] ...)
where:
a
is the symbolic name of the array, that is, the array name. (Section 5.2.3 gives the
form of a symbolic name.)
d .
is a dimension declarator; d can specify both a lower bound and an upper bound as
follows:
[dl:]du
where:
dl

is the lower bound of the dimension.

du

is the upper bound of the dimension. (An asterisk (*) can also occur as an upper
‘bound, but only of the last dimension.)

The number of dimension declarators indicates the number of dimensions in the array. The
number of dimensions can range from one to seven.

The value of the lower-bound dimension declarator can be negative, zero, or positive. The
value of the upper-bound dimension declarator'must be greater than or equal to that of the
corresponding lower-bound dimension declarator. The number of elements in the dimen-
sion is du-dl+1. If a lower bound is not specified, it is assumed to be one, and the value of
the upper bound specifies the number of elements in that dimension. For example, a
dimension declarator of 50 indicates that the dimension contains 50 elements. The upper
bound in the last dimension declarator in a list of dimension declarators may be an asterisk
(*); an asterisk marks the declarator as an assumed-size array declarator (see Section
10.1.1.2).

Each dimension bound is an integer arithmetic expression in which each operand is a
constant, a dummy argument, or a variable in a common block. The expression is con-
verted to an integer if necessary.

The type of a variable used in a bound expression cannot be changed by a later type
* declaration.
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NOTE
Array references and references to user-defined functions should not be used in
dimension bounds expressions.

Dimension bounds that are not constant expressions can be used in a subprogram to define
adjustable arrays. You can use adjustable arrays within a single subprogram to process
arrays with different dimension bounds by specifying the array name as a subprogram
argument, and by either specifying the bounds as subprogram arguments or by placing the
bounds in a common block. See Section 10.1.1.1 for more information on adjustable arrays.
Dimension bounds that are not constant expressions are not permitted in a main program.

The number of elements in an array is equal to the product of the number of elements in
each dimension,

An array name can appear in only one array declarator within a program unit.

6.2.3.2 Array Subscripts

A subscript qualifies an array name. A subscript is a list of expressions, called subscript
expressions, enclosed in parentheses, that determine which element in the array is referred
to. The subscript is appended to the array name it qualifies.

NOTE

The generic term scalar reference is used throughout this manual to refer collec-
tively to all references that resolve to single, typed data items. Subscripted array
references fall into the scalar reference category.

Section 6.2.6 provides a thorough discussion of this new terminology.
A subscript has the form:

(s[,s]...)
where:
s

is a subscript expression.

A subscripted array reference must contain one subscript expression for each dimension
defined for that array (one for each dimension declarator).

Each subscript can be any valid arithmetic expression. However, noninteger subscript
expressions are converted to integers before use (any fractional parts are truncated).

6.2.3.3 Arrangement of Array Elements in Storage

As discussed earlier in this section, you can think of the dimensions of an array as rows,
columns, and levels or planes. However, FORTRAN always stores an array in memory as a
linear sequence of values. A one-dimensional array is stored with its first element in the
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first storage location and its last element in the last storage location of the sequence. A
multidimensional array is stored so that the leftmost subscripts vary most rapidly. This is
called the “‘order of subscript progression.” For example, Figure 6-1 shows array storage in
one, two, and three dimensions.

One-Dimensional Array BRC (6)

1 | BRC(1)] 2 |BRC(2)| 3 [BRC(3)| 4 |BRC(4)} 5 |BRC(5)| 6 | BRC(6)

Memory Positions

Two-Dimensional Array BAN (3,4)

1 | BAN(1,1)| 4 [ BAN(1,2)| 7 |BAN(1,3) | 10 | BAN(1,4)

BAN(2,1)| 5 | BAN(2,2)| 8 | BAN(2,3)| 11| BAN(2,4)
BAN(3,1)| 6 | BAN(3,2)| 9 | BAN(3,3)]| 12 | BAN(3,4)

1 W N

Memory Positions

Three-Dimensional Array BOS (3,3,3)

19| BOS(1,1,3) | 22 | BOS(1,2,3) | 25| BOS(1,3,3)
20| BOS(2,1,3) | 23| BOS(2,2,3) | 26| BOS(2,3,3)

10| BOS(1,1,2) | 13| BOS(1,2,2) | 16| BOS(1,3.2) BOS(3,3,3)

11| BOS(2,1,2) |14 | BOS(2,2,2) | 17 | BOS(2,3,2)
18 | BOS(3,3,2)

1 | BOS(1,1,1) | 4 | BOS(1,2,1) | 7 | BOS(1,3,1)

2 | BOS(2,1,1) | 5 | BOS(2,2,1) | 8 | BOS(2,3,1)

BOS(3,1,1) BOS(3,2,1) BOS(3,3,1)

Memory Positions
ZK-616-82

Figure 6-1: Array Storage
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6.2.3.4 Data Type of an Array

The data type of an array is specified in the same way as the data type of a variable; that
is, the data type of an array is specified implicitly by the initial letter of the name or
explicitly by a type declaration statement.

All the values in an array have the same data type. Any value assigned to an array element
is converted to the data type of the array. If an array is named in a DOUBLE PRECISION
statement, for example, the compiler allocates an 8-byte storage location for each element
of the array. When a value of any type is assigned to any element of that array, the value is
converted to double precision.

6.2.3.5 Array References Without Subscripts

In the following statements, you can specify an array name without a subscript to indicate
that the entire array is to be used (or defined):

¢ COMMON statement

o DATA statement

e EQUIVALENCE statement
o NAMELIST statement

e SAVE statement

o I/O statements

o Type declaration statements

You can also use unsubscripted array names as dummy arguments in FUNCTION,
SUBROUTINE, and ENTRY statements, and as actual arguments in references to exter-
nal procedures. The use of unsubscripted array names is not permitted in all other types of
statements.

6.2.3.6 Adjustable Arrays

Adjustable arrays allow subprograms to manipulate arrays of variable dimensions. To use
an adjustable array in a subprogram, you specify the array bounds, as well as the array’s
name, as subprogram arguments. The bounds may also be given in a common block. See
Section 10.1.1.1 for more information.

6.2.3.7 Assumed-Size Arrays

Assumed-size arrays are similar to adjustable arrays. With assumed-size arrays, however,
an asterisk is used to specify the upper bound of the last dimension. Section 10.1.1.2
describes the rules governing the dimensions that are assumed.
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6.2.4 Character Substrings

A character substring is a contiguous segment of a character variable or character array
element.

A character substring reference has one of the following forms:
v([e1]:[e2])

a(s[,s]...) ([e1]:[e2])
where:

v
is a character variable name.

a
is a character array name.
s
is a subscript expression,
el .
is a numeric expression that specifies the leftmost character position of the
substring.
e2

is a numeric expression that specifies the rightmost character position of the sub-
string.

Character positions within a character variable or array element are numbered from left to
right, beginning at one. For example, LABEL(2:7) specifies the substring beginning with
the second character position and ending with the seventh character position of the charac-
ter variable LABEL. If the CHARACTER#*8 variable LABEL has a value of XVERSUSY,
then the substring LABEL(2:7) has a value of VERSUS.

If the value of the numeric expression el or e2 is not of type integer, it is converted to an
integer value by truncating any fractional part before use.

The values of the numeric expressions el and e2 must meet the following conditions:
1 .LE. et .LE. e2 .LE. len
where:

len ,
is the length of the character variable or array element.
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If el is omitted, FORTRAN assumes that el equals one. If e2 is omitted, FORTRAN
assumes that e2 equals len.

For example, NAMES(1,3)(:7) specifies the substring starting with the first character
position and ending with the seventh character position of the character array element
NAMES(1,3).

6.2.5 Necords

. The VAX FORTRAN record-handling capability is an extension to the FORTRAN-77
standard. It enables you to declare and operate on multifield records in your FORTRAN
programs. It also enables you to access records in the VAX Common Data Dictionary
(CDD) for use in your programs.

NOTE

A VAX FORTRAN record should not be confused with an RMS I/O record. A
VAX FORTRAN record is a named data entity, consisting of one or more fields,
that you create in your program.

6.2.5.1 Overview of Necords and Structures

A record is a composite, or aggregate, entity containing one or more record elements, or
fields. In this respect, it is similar to an array. It differs from an array, however, in the
following respects:

o Unlike arrays, which are defined by means of a single declaration statement, creating
a record is a multistep process. Creating a record requires:

- A multistatement declaration, called a structure declaration, in which the form of
the record is defined.

- A RECORD statement that establishes the referenced structure as a record in
memory, that is, as a named data entity. More that one RECORD statement can
refer to a given structure declaration.

o Unlike arrays, whose data elements must be of the same data type, records allow you
to organize heterogeneous data elements within one structure and to operate on them
either individually or collectively. Because they can be composed of heterogeneous
data elements, records are not typed as arrays are.

o Unlike arrays, each element of a record can be—and usually is—named. References to
a record element consist of the name of the record and the name of the desired
element.

You define the form of a record with a group of statements called a structure declaration
block.

You establish a structure declaration in memory by specifying the name of the structure .
declaration in a RECORD statement.
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A structure declaration block can include one or more of the following items:

o Typed data declarations (variables or arrays): Typed data declarations in structure
declarations have the form of normal FORTRAN typed data declarations. Data items
with different types can be freely intermixed within a structure declaration; for exam-
ple, INTEGER and LOGICAL data items can be declared in the same structure.

o Substructure declarations: Substructures can be established with a structure by
means of either a nested structure declaration or a RECORD statement.

~ Structure declarations can be nested within structure declarations. A nested struc-
ture declaration must have one or more field names specified on its STRUCTURE
statement. A nested structure declaration can optionally be given a structure name
for later reference by a RECORD statement.

- The fields in another, previously declared, structure declaration can be incorpo-
rated in a structure by including a RECORD statement, naming the other struc-
ture, within a structure declaration. This feature enables you to create a structure
declaration and then include it, as necessary, as a substructure declaration within
other structure declarations. Depending on the needs of an application, this can
have advantages over the use of nested structure declarations, which are individu-
ally coded within a containing, outer structure.

° Mapped field declarations: Mapped field declarations are made up of one or more
typed data declarations, substructure declarations (structure declarations and REC-
ORD statements), or other mapped field declarations.

Mapped field declarations are defined by a block of statements called a union declara-
tion, Unlike typed data declarations, all mapped field declarations that are made
within a single union declaration share a common location within the containing
structure. This capability is analogous to the use of EQUIVALENCE statements to
give names to variables. In other languages, it is called a “‘variant record” capability.

o Unnamed fields: Unnamed fields can be declared in a structure by specifying the
pseudo-name %FILL in place of an actual field name. You can use this mechanism to
generate empty space in a record for purposes such as alignment.

For a detailed description of the syntax and use of RECORD statements and structure
declarations, see Sections 8.13 and 8.15, respectively.

6.2.5.2 Arrangement of Records in Storage

FORTRAN stores a record in memory as a linear sequence of values, with the record’s first
element in the first storage location and its last element in the last storage location. No
gaps are left between elements. A record array is stored in a similar fashion, with no gaps
between array elements.
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The following example contains a structure declaration and record statement, and shows
how the resulting records are stored in memory. :

Source Code:

STRUCTURE /STRA/
CHARACTER*1 CHR
INTEGER*4 INT

END STRUCTURE

+

RECORD /STRA/ REC+AREC(2)

Memory Diagram:

0 1 5 (byte offset)

REC.CHR REC.INT
N

D \Z
Record REC
ZK-1844-84
0 1 5 6 10 (byte offset)
AREC(1).CHR AREC(1).INT AREC(2).CHR AREC(2).INT

Record AREC(2)

ZK-1843-84
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The next example is similar but involves a record that is more complex than the records in
the preceding example. The record in this example includes a substructure.

Source Code:

STRUCTURE /STRB/
REAL*8 FLT
RECORD /STRA/ STR(2)
END STRUCTURE
+

.

RECORD /STRB/ NRD

Memory Diagram:

0 8 9 13 14 18 (byte offset)
NRD.FLT NRD.STR(1).CHR NRD.STR(1).INT NRD.STR(2).CHR NRD.STR(2).INT
N\ ~ T —~ 4
- -
Substructure Substructure
\ STRA (STR(1)) STRA (STR(2)) /
T\ff
Record NRD

ZK-1842-84

Unions cause the storage of the associated mapped fields to be overlaid, as the following
example illustrates:

Source Code:

STRUCTURE /S5TR/
INTEGER*4 TAG
UNION

MAP
REAL*4 FLT
CHARACTER#*2 CHR
END MAP
MAP
INTEGER#*2 INT
END MAP
END UNION
LOGICAL*1 LOG
END STRUCTURE

4

RECORD /STR/REC
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Memory Diagram:

0 4 6 8 10 11 (byte offset)

FLT CHR
TAG LOG

INT (unused)

N\ A 4

Area for mapped fields

ZK-1845-84

The next section describes how to refer to records and to fields within records.

6.2.5.3 Record and Field References

Fields are the atomic units of records; they correspond to substructures or to ordinary
variables or array elements. Fields within a record can be operated on collectively (that is,
as part of an operation involving an entire record) or individually.

There are two forms of record references: aggregate field and scalar field references.

o An aggregate field reference refers to a composite, or structured, data item, that is, a
record structure or a record substructure.

o A scalar field reference refers to a typed data item, that is, a variable or an array
element.

Aggregate Field Reference:
record-name|[.aggregate-field-name....aggregate-field-name]

Scalar Field Reference:
record-name.aggregate-field-name]|....aggregate-field-name].scalar-field-name

where:

record-name

The name used in a RECORD statement to identify a record. See Section 8.13 for a
description of the RECORD statement.
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aggregate-field-name

The name of a field that is a substructure (that is, a record or a nested structure
declaration) within the record structure identified by the record name.

See Section 8.15 for a description of how fields are specified within structure declara-
tions.

scalar-field-name

The name of a typed data item defined within a structure declaration.

NOTE

The generic term scalar reference is used throughout this manual to refer collec-
tively to all references that resolve to single, typed data items. Scalar field
references fall into the scalar reference category.

The generic term aggregate reference is used throughout this manual to refer
collectively to all references that resolve to references to structured data items,
that is, records and nested structure declarations. Aggregate field references are
the only references that fall into this category.

Section 6.2.6 provides a thorough discussion of this new terminology.

The following considerations and restrictions apply to the various forms of record refer-
ences:

o Aggregate Field References

6-28

An aggregate field reference consists of the name of a record (as specified in a
RECORD statement) and zero or more levels of aggregate field names.

Aggregate record assignments are permitted; that is, aggregate field references can be
specified on the left-hand side of an assignment statement.

Scalar Field References

A scalar field reference consists of the name of a record (as specified in a RECORD
statement) and zero or more levels of aggregate field names followed by the name of a
scalar field.

A scalar field reference refers to a single, typed data item and can be treated like a
normal reference to a FORTRAN variable or array element. Scalar field references can

be used in statement functions and in executable statements. They cannot, however,
be used in COMMON, SAVE, NAMELIST, or EQUIVALENCE statements.

Type conversion rules for scalar field references are the same as those for variables and
array elements.
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o Records in I/O Statements

‘Aggregate field references can be used in unformatted 1/0 statements (one I/0 record
is written no matter how many aggregate and array name references appear in the I/0
list), but cannot be used in formatted and NAMELIST I/0 statements.,

o Records as Arguments

Aggregate field references can be used as both dummy and actual arguments. The
declaration of the dummy record in the subprogram must match the form of the record
declared in the calling program unit, that is, each structure must have the same
number and types of fields in the same order. The ordering of map fields within a
union declaration is irrelevant.

Records are passed by reference. Aggregate field references are treated like normal
variables. Adjustable arrays are allowed in RECORD statements used as dummy
arguments.

NOTE

Because periods are used in record references to separate fields, you should not
use relational operators (for example, .EQ., .XOR.) logical constants (.TRUE. or
.FALSE.) and logical expressions (.AND., .NOT., .OR.) as field names in struc-
ture declarations.

Examples

The examples of record and field references shown here are based on the record structure
APPOINTMENT (described at length in Section 8.15.1) and the following RECORD state-
ment:

RECORD /APPOINTMENT/ NEXT_APP,APP_LIST(10)

The preceding statement results in the creation of both a variable named NEXT_APP
and a 10-element array named APP_LIST. Both the variable and each element of the
array have the form of the structure APPOINTMENT.

The declarations of the record structure APPOINTMENT and its substructure DATE are
repeated here to show the fields used in the field references in the examples that follow.
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Structure DATE:

STRUCTURE /DATE/
LOGICAL*1 DAY, MONTH
INTEGER*2 YEAR

END STRUCTURE

Structure APPOINTMENT:
STRUCTURE /APPOINTMENT/

RECORD /DATE/ APP_DATE

STRUCTURE /TIME/ APP_TIME (2)
LOGICAL*1 HOUR» MINUTE

END STRUCTURE

CHARACTER*20 APP_MEMO (4)

LOGICAL*1 APP_FLAG

END STRUCTURE

Each of the following examples of record and field references is introduced by a brief
description.

Aggregate Field References:
o The record NEXT__APP:
NEXT_APP
o The field APP_TIME(1), an array field of the record NEXT__APP:
NEXT_-APP+APP.TIME(1)
o The field APP__DATE, a 4-byte array field in the record array APP__LIST(3):
APP_LIST(3) .APP_DATE
Scalar Field References:
o The field APP_FLAG, a LOGICAL field of the record NEXT__APP:
NEXT_APP,APP_FLAG

o The field HOUR, a LOGICAL+1 subfield of field APP_TIME(1) of record NEXT__
APP: .

NEXT.APP.APP_TIME(1) .HOUR
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o The first character of APP__MEMO(1), a CHARACTER*20 field of the record
NEXT__APP:

NEXT_APP.APP_FLAG(20)(1:1)

o The field MONTH, a LOGICAL+1 subfield of field APP_DATE of record array
APP__LIST(1):

APP_LIST(1) . APP_DATE.MONTH

6.2.6 Terminology Used to Refer to Data Items

Constants, variables, arrays, scalar fields, aggregate fields, character substrings, and ex-
pressions can be specified in many places in a FORTRAN program. FORTRAN statements
and expressions have individual restrictions governing which of these items can used in
‘them and in what form. Thus, to avoid repeatedly enumerating lists of the various items
that can be specified with the various statements and expressions, the items are divided
into four general categories. The names of these categories are used throughout this manual
to identify what can be included in a particular statement or expression. The categories are
as follows:

o Scalar Reference—resolves itself to a reference to a single, typed data item: a variable,
array element, constant, character substring, or expression.

¢ Scalar Memory Reference—same as scalar reference, excluding constants and expres-
sions.

e Array Name Reference—resolves itself to a reference to an array.

o Aggregate Reference—resolves itself to a reference to a structured data item.
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References formed from the following data declarations can be used to illustrate the three
types of reference:

INTEGER INT: INTARY (10)
STRUCTURE /STRA/
INTEGER INTFLD,» INTFLDARY (10)
END STRUCTURE
STRUCTURE /STRB/
CHARACTER*Z0 CHARFLD
INTEGER INTFLDs INTFLDARY (10)
STRUCTURE STRUCFLD .
COMPLEX CPXFLD:» CPXFLDARY (10)
END STRUCTURE
RECORD /STRA/ RECFLD:» RECFLDARY (10)

END STRUCTURE

+

RECORD /STRB/ REC: RECARY (10)

Examples of references, by category, that can be formed from the preceding data declara-
tions are as follows:

e Scalar References:

REC.CHARFLD(S:10)

RECARY (1) .CHARFLD(5:10)
RECARY (1) INTFLD
RECARY (1) . INTFLDARY (1)

RECARY (1) .RECFLD.INTFLD

RECARY (1) .STRUCFLD.CPXFLD

RECARY (1) +RECFLD.INTFLDARY (1)
RECARY (1) .RECFLDRAY (1), INTFLD
RECARY (1) .RECFLDRAY (1) +INTFLDARY (1)

INT

INTARY (1)

REC.INTFLD

REC.INTFLDARY (1)
REC.RECFLD.,INTFLD
REC.STRUCFLD.CPXFLD
REC+RECFLD.,INTFLDARY (1)
REC.RECFLDRAY (1) ,INTFLD
REC.RECFLDRAY (1) .INTFLDARY (1)
REC.CHARFLD

Array Name References:

REC.STRUCFLD.CPXFLDARY
RECARY (1) ., INTFLDARY
RECARY (1) .RECFLDARY

RECARY (1) ,RECFLD.INTFLDARY
RECARY (1) .STRUCFLD.CPXFLDARY
RECARY (1) +RECFLDARY (1) . INTFLDARY

INTARY

RECARY

REC.INTFLDARY
REC.RECFLDARY
REC.RECFLD.INTFLDARY
REC.RECFLDARY (1) INTFLDARY

Aggregate References:

6-32

REC

RECARY (1)
REC.RECFLD
REC.+STRUCFLD
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Scalar reference, array name reference, and aggregate reference are used throughout this
manual to indicate where these various categories of data items can be specified. Note that
constants are included in the scalar reference category.

6.3 Expressions

An expression represents a single value. An expression can consist of a scalar field reference
or function reference; or combinations of these references plus certain other elements,
called operators. Operators specify computations to be performed on the values of the data
items and a single result is obtained.

Expressions are classified as arithmetic, character, relational, or logical. Arithmetic expres-
‘sions produce numeric values; character expressions produce character values; and rela-
tional and logical expressions produce logical values.

6.3.1 Arithmetic Expressions

Arithmetic expressions are formed with arithmetic elements and arithmetic operators. The
evaluation of such an expression yields a single numeric value.

An arithmetic element can be any of the following:
* A numeric scalar reference
¢ An arithmetic expression enclosed in parentheses
¢ A numeric function reference

The term ‘‘numeric,” as used above, includes logical data, because logical data is treated as
integer data when used in an arithmetic context.

Arithmetic operators specify a computation to be performed using the values of arithmetic
elements. They produce a numeric value as a result. The operators and their meanings are:

Operator Function

*ok Exponentiation

* Multiplication

/ Division

+ Addition or unary plus

- Subtraction or unary minus

These operators are called binary operators because each is used with two elements. The
plus (+) and minus (-) symbols are also unary operators: when they immediately precede
an arithmetic element and are not immediately preceded by an arithmetic element, they
dencte a positive or negative value.

A variable or array element must have a defined value before it can be used in an arithme-
tic expression.
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Any arithmetic operation whose result is not mathematically defined is not allowed. Exam-
ples of this are dividing by zero and raising a zero-valued base to a zero-valued or negative-
valued power. Raising a negative-valued base to a real power is also not allowed.

Arithmetic expressions are evaluated in an order determined by a precedence associated
with each operator. The precedence of the operators is:

Operator Precedence
o First

* and / Second

+ and - Third

When two or more operators of equal precedence (such as + and -) appear, they can be
evaluated in any order, as long as the order of evaluation is algebraically equivalent to a
left-to-right order of evaluation. Exponentiation, however, is evaluated from right to left.
For example, A**B#**C is evaluated as A ** (B%+C); B#+C is evaluated first, and then A is
raised to the resulting power.

Normally, two operators cannot be placed in succession. When the second operator is unary
(+ or -), as an extension to the ANSI standard, VAX FORTRAN allows two consecutive
operators within an expression. This extension can be illustrated by the following two
expressions:

1. A»B+*C
2. A*»-B+C

In the first example, the ** operator is evaluated first because it takes precedence over the
* operator. In the second example, the * operator is evaluated first. Normally, the **
operator would be evaluated first, but because VAX FORTRAN allows the combination of
the ** and - operators, the order of evaluation is affected. With the ** and - operators
combined, the ** operator cannot be evaluated until after the — operator. As a result, then,
the * operator is evaluated first in compliance with normal rules of precedence.

6.3.1.1 Use of Parentheses

You can use parentheses to force a particular order of evaluation. When part of an expres-
sion is enclosed in parentheses, that part is evaluated first, and the resulting value is used
in the evaluation of the remainder of the expression. In the following examples, the num-
bers below the operators indicate the order of the evaluations:

4 +3+2-6/2=7

111
2 1 4 3
(4+3)+2-6/2=11
T T 11
1.2 4 3
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4+3+2-6)/2=2

R

2 1 3 4
((4+3) »2-6) /2 =4

P11 1

1.2 3 4

As shown in the third and fourth examples above, expressions within parentheses are
evaluated according to the normal order of precedence, unless you override the order by
usinig parentheses within parentheses.

Nonessential parentheses, as in the following expression, do not affect expression evalua-
tion:

4 + (3+2) - (6/2)

The use of parentheses to specify the evaluation order is often important in high-accuracy
numerical computations. In such computations, evaluation orders that are algebraically
equivalent might not be computationally equivalent when processed by a computer.

6.3.1.2 Data Type of an Arithmetic Expression

If every element in an arithmetic expression is of the same data type, the value produced
by the expression is also of that data type. If elements of different data types are combined
in an expression, the evaluation of that expression and the data type of the resulting value
depend on a rank associated with each data type. The rank assigned to each data type is as
follows:

Data Type Rank
Logical 1 (Lowest)
INTEGER~*2 2
INTEGER~*4 3
REAL+4 (REAL) 4
REAL+*8 (DOUBLE PRECISION) 5
REAL~*16 6
COMPLEX+8 (COMPLEX) 7

COMPLEX*16 (DOUBLE COMPLEX) 8 (Highest)

The data type of the value produced by an operation on two arithmetic elements of differ-
ent data types is the data type of the highest-ranked element in the operation. For exam-
ple, the data type of the value resulting from an operation on an integer and a real element
is real. However, an operation involving a COMPLEX*8 data type and either a REAL=*8 or
REAL#*16 data type produces a COMPLEX+16 result.
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The data type of an expression is the data type of the result of the last operation in that
expression. The data type of an expression is determined according to the following conven-
tions:

e Integer operations—Integer operations are performed only on integer elements. (Logi-
cal entities used in an arithmetic context are treated as integers.) In integer arithme-
tic, any fraction that can result from division is truncated, not rounded. For example:

1/4 + 1/4 + 1/4 + 1/4
The value of this expression is 0, not 1.

¢ Real operations—Real operations are performed only on real elements or combinations
of real, integer, and logical elements. Any integer elements present are converted to
the real data type by giving each a fractional part equal to zero. The expression is then
evaluated using real arithmetic. Note, however, that in the statement Y = (I/J)*X, an
integer division operation is performed on I and J, and a real multiplication is per-
formed on that result and X.

* REAL+8 and REAL*16 operations—Any element in an operation in which there is a
higher-precision element is converted to the data type of the higher-precision element
by making the existing element the most significant portion of the higher-precision
data. The least significant portion of the binary representation is zero. The expression
is then evaluated in the higher-precision arithmetic.

® Converting a real element to a higher-precision element does not increase its accuracy.
For example, a REAL variable having the value
0.3333333
is converted to (approximately)
0.3333333134651184D0
not to either
0.3333333000000000D0
or
0.3333333333333333D0

¢ Complex operations—In an operation that contains any complex element, integer
elements are converted to the real data type, as previously described. The REAL or
REAL*8 element thus obtained is then designated as the real part of a complex
number; the imaginary part is assigned a value of zero. The expression is then evalu-
ated using complex arithmetic and the resulting value is of a complex data type.

Operations involving COMPLEX+*8 and REAL+#8 elements are done as
COMPLEX*16 operations; that is, the REAL+*8 element is not rounded.

* When a constant defined by a PARAMETER statement is used in an arithmetic
expression, it is treated in some cases as a lower-order type even if it was explicitly
typed. For example, an INTEGER*4 constant could be treated as an
constant.
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These rules also generally apply to arithmetic operations in which one of the operands is a
constant. However, if a real or complex constant is used in a higher-precision expression,
additional precision will be retained for the constant. The effect is as if a REAL+8 or
REAL=*16 representation of the constant had been given. For example, the expression

1.0D0 + 0.3333333
is treated as if it were
1.0D0 + 0.3333333000000000D0

6.3.2 Character Expressions

Character expressions consist of character elements and character operators. The evalua-
tion of a character expression yields a single value of character data type.

A character element can be any one of the following:

¢ A character scalar reference

o A character substring

® A character expression, optionally enclosed in parentheses

e A character function reference
The only character operator is the concatenation operator (//).
A character expression has the form:

character element [//character element]...

The value of a character expression is a character string formed by successive left-to-right
concatenations of the values of the elements of the character expression. The length of a
character expression is the sum of the lengths of the character elements. For example, the
value of the character expression "AB’//"CDE " is "ABCDE ', which has a length of five.

Parentheses do not affect the value of a character expression. For example, the following
character expressions are equivalent:

('ABC'//'DE’)Y//'F’
‘ABC’//(’'DE‘//'F")
‘ABC’/7'DE'//'F!

Each of these character expressions has the value "ABCDEF".

If a character element in a character expression contains spaces, the spaces are included in
the value of the character expression. For example, "ABC '//’'D E’//'F ’ has a value of
‘ABC D EF ".
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6.3.3 Relational Expressions

A relational expression consists of two arithmetic expressions or two character expressions
separated by a relational operator. The value of the expression is either true or false,
depending on whether the stated relationship holds.

A relational operator tests for a relationship between two arithmetic expressions or between
two character expressions. These operators are:

Operator Relationship

LT. Less than

LE. ~ Less than or equal to
EQ. Equal to

.NE. Not equal to

.GT. Greater than

.GE. Greater than or equal to

The delimiting periods are a required part of each operator.

Complex expressions can be related only by the .EQ. and .NE. operators. Complex entities
are equal if their corresponding real and imaginary parts are both equal.

In an arithmetic relational expression, the arithmetic expressions are first evaluated to
obtain their values. These values are then compared to determine whether the relationship
stated by the operator holds. For example:

APPLE+PEACH .GT. PEAR+ORANGE
This expression states the relationship, ‘“The sum of the real variables APPLE and PEACH

is greater than the sum of the real variables PEAR and ORANGE.” If that relationship
holds, the value of the expression is true; if not, the value of the expression is false.

Similarly, in a character relational expression, the character expressions are first evaluated
to obtain their values. These values are then compared to determine whether the relation-
ship stated by the operator holds. In character relational expressions ‘“‘less than” means
“precedes in the ASCII collating sequence,” and ‘‘greater than” means “follows in the
ASCII collating sequence.” For example:

‘AB///'2ZZ' LT, ‘CCCCC’
This expression states that "ABZZZ "’ is less than "CCCCC’. Since that relationship does

hold, the value of the expression is true. If the relationship stated does not hold, the value
of the expression is false.

If the two character expressions in a relational expression are not the same length, the
shorter one is padded on the right with spaces until the lengths are equal. For example:

'ABC’ JEQ. ‘ABC

‘AB’ JLT. 'C’
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The first relational expression has a value of true even though the lengths of the expressions
are not equal, and the second has a value of true even though ‘AB’ is longer than "C”.

All relational operators have the same precedence. However, arithmetic and character
operators have a higher precedence than relational operators.

As in any other expression, you can use parentheses to alter the order of evaluation of the
expressions in a relational expression. However, because arithmetic and character opera-
tors are evaluated before relational operators, you need not enclose the entire arithmetic or
character expression in paréntheses.

A relational expression can compare two numeric expressions of different data types. In
this case, the value of the expression with the lower-ranked data type is converted to the
higher-ranked data type before the comparison is made.

6.3.4 Logical Expressions

A logical expression can be a single logical element or a combination of logical elements
and logical operators. A logical expression yields a single logical value, true or false.

A logical element can be any of the following:
® An integer or logical scalar reference
® A relational expression
¢ An integer or logical expression enclosed in parentheses

¢ An integer or logical function reference
The logical operators are:

Operator Example Meaning

AND. A +AND, B Logical conjunction: The expression is true if, and
only if, both A and B are true.

.OR. A .OR. B Logical disjunction (inclusive OR): The expression
is true if either A or B, or both, are true.

.NEQV. A «NEQU, B Logical exclusive OR: The expression is true if A

and B have different logical values; but the expres-
sion is false if both elements have the same logical

value.
.XOR. A JHOR, B Same as .NEQV.
EQV. A JEQU, B Logical equivalence: The expression is true if, and

only if, both A and B have the same logical value,
whether true or false.

.NOT. . +NOT. A Logical negation: The expression is true if, and
only if, A is false,.

The delimiting periods of logical operators are required.
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When a logical operator operates on logical elements, the resulting data type is logical.
When a logical operator operates on integer elements, the logical operation is carried out
bit-by-bit on the corresponding bits of the internal (binary) representation of the integer
elements. The resulting data type is integer. When a logical operator combines integer and
logical values, the logical value is first converted to an integer value, then the operation is
carried out as for two integer elements. The resulting data type is integer.

A logical expression is evaluated according to an order of precedence assigned to its opera-
tors. Some logical expressions can be evaluated before all their subexpressions are evalu-
ated. For example, if A is .FALSE., the expression A .AND. (F(X,Y) .GT. 2.0) .AND. B is
FALSE. The value of the expression can be determined by testing A without evaluating
F(X,Y). Under these circumstances, the function subprogram F may not be called. Thus, it
is uncertain whether side-effects resulting from the call—for example, changing variables
in the common block—will occur.

The following list summarizes all the operators that can appear in a logical expression, in
the order in which they are evaluated:

Operator Precedence

ok First (Highest)
*/ . Second

+=1/ Third
Relational

Operators Fourth

.NOT. Fifth

.AND. ‘ Sixth

.OR. Seventh
.XOR.,.EQV.,.NEQV. Eighth (Lowest)

Operators of equal rank are evaluated from left to right, except for exponentiation, which is
evaluated from right to left. For example:

A*B+C*¥ABC JEOQ, X*Y+DM/ZZ .AND, .NOT., K*B .GT. TT

The sequence in which this logical expression is evaluated is:
(((A*B)+(C*ABC)) EQ, ((X*Y)+(DM/ZZ))) ,AND. (,NOT., ((K¥B). GT. TT))

As in arithmetic expressions, you can use parentheses to alter the normal sequence of
evaluation.

Two logical operators cannot appear consecutively, unless the second operator is .NOT.
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Chapter 7
Assignment Statements

Assignment statements define the value of a data item—a variable, array element, record
(structured variable), record element, or character substring. The expression on the right
side of the assignment statement’s equal sign is evaluated and the resulting value is
assigned to the data item.

The following statements perform assignments:
e Arithmetic assignment statement
¢ Logical assignment statement
e Character assignment statement
o Aggregate assignment statement
¢ ASSIGN statement

These statements are discussed individually in the sections that follow.

7.1 Arithmetic Assignment Statement

The arithmetic assignment statement assigns the value of the expression on the right of the
equal sign to the numeric scalar memory reference on the left of the equal sign.

The arithmetic assignment statement has the form:

v=e
where:
v

is a numeric scalar memory reference.
e

is an arithmetic expression.
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The equal sign does not mean “‘is equal to,” as in mathematics. It means ‘‘is replaced by.”
For example:

COUNT = COUNT + 1

This statement means, “replace the current value of the integer variable COUNT with the
sum of that current value and the integer constant 1.”

Although the symbolic name on the left of the equal sign can be undefined, values must
have been previously assigned to all symbolic references in the expression on the right of
the equal sign.

The expression e must yield a value that conforms to the range requirements of v. For
example, a real expression that produces a value greater than 32767 is invalid if the entity
on the left of the equal sign is an INTEGER#2 variable. Significance may be lost if an
INTEGER#4 value, which can exactly represent values of approximately the range
-2x10%*9 to +2%10%+9, is converted to REAL*4 (including the real part of a complex
constant), which is accurate to only about seven digits.

If v has the same data type as that of the expression on the right, the statement assigns the
value directly. If the data types are different, the value of the expression is converted to the
data type of the entity on the left of the equal sign before it is assigned. Table 7-1
summarizes the data conversion rules for assignment statements.

Examples of valid and invalid assignment statements are:
Valid

BETA = -1.,/(2.,%X)+A*A/ (4 <times > (X*X))

PI = 3.+1415389

SUM

n

SuUM+ 1.
NEW

RECROD1.FIELD1
SYMBOL(I).DEFINED = ,TRUE,

Invalid
3.14=8-8 Entity on the left must be a numeric scalar
memory reference.
-J = I%%4 Entity on the left must not be signed.
ALPHA = ((X+B)*BxB/ (X-Y) Left and right parentheses do not balance.
_ICOUNT = A//B(3:7) Expressions on the right cannot be of character

data type if the entity on the left is not of char-
acter data type.
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Table 7-1: Conversion Rules for Assignment Statements

Variable Expression (E)
or Array
Element Integer or
) Logical REAL REAL*S REAL*16 COMPLEX COMPLEX*16
Integer AssignEtoV Truncate E to Truncate E to Truncate E to Truncate real part Truncate real part of E
or Logical integer and integer and integer and of E to integer and to integer and assign to
assign toV assign to V assign toV assign to V; V; imaginary part of E
imaginary part of E | isnot used
is not used
REAL Append fraction Assign Eto V Assign MS* portion | Assign MS* portion | Assign real part of Assign MS* portion
(.0)to Eand of E 1o V; LS* of E to V; LS* E to V; imaginary of the real part of
assign to V portion of E is portion of E is part of E is not E to V; LS* portion
rounded rounded used of the real part of
E is rounded;
imaginary part of
E is not used
REAL*8 Append fraction Assign E to MS* Assign EtoV Same as above Assign real part of Assign real part of
(.0) to E and portion of V; LS* E toMS*of V; E to V; imaginary
assign to V portion of Vis 0 LS* portion of V part of E is not used
is 0;imaginary part
of Eis not used
REAL*16 Same as above Same as above Assign E to MS* Assign Eto V Assign real part of
portion of V; LS* E to MS* portion
portion of Vis 0 of VILS* portion
ol real part ot V
is 0.Imaginary part
of E is not used
COMPLEX Append fraction Assign E to real Assign MS* portion Assign MS* portion Assign Eto V Assign MS* portion
(.0)to E and part of V; of E to real part of of E to real part of of real part of E to
assign to real imaginary part V. LS* portion of V:LS* portion of real part of V;LS*
part of V; of Vis 0.0 E is rounded: E is rounded: portion of real part
imaginary part of imaginary part of imaginary part of of E is rounded.
Vis0.0 Vis 0.0 Vis 0.0 Assign MS* portion of
imaginary part of £
to imaginary part of
V:LS* portion of
imaginary part of E
is rounded.
COMPLEX*16 Append fraction Assign E to MS* Assign E 1o real Same as above Assign real part of AssignEtoV
{.0) to E and assign portion of real part of V; E to MS* portion
to Viimaginary partof V; imaginary part of real part of V;
part of Vis 0.0 imaginary part is0.0 LS* portion of
of Vis 0.0 real partis 0. Assign
imaginary part of E
to M§* portion of
imaginary part of V;
LS* portion of
imaginary partis 0.

*MS = most significant (high order)
LS = least significant (low order)

7.2 Logical Assignment Statement

The logical assigment statement assigns the value of the logical expression on the right of
the equal sign to the logical scalar memory reference on the left of the equal sign. See Table
7-1 for conversion rules.
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The logical assignment statement has the form:

v=e
where:
v

is a logical scalar memory reference.
e

is a logical expression.

Values must have been previously assigned to all symbolic references that appear in the
expression. The expression must yield a logical value.

Examples of logical assignment statements are:
PAGEND = .FALSE. A

PRNTOK = LINE .LE. 132 .AND. .NOT. PAGEND
ABIG = A.GT.B .AND. A.GT.C .AND. A.GT.D

7.3 Character Assignment Statement

The character assignment statement assigns the value of the character expression on the
right of the equal sign to the character scalar memory reference on the left of the equal sign.

The character assignment statement has the form:

v=e
where:
v

is a character scalar memory reference.
e

is a character expression.

If the length of e is greater than the length of v, the character expression is truncated on the
right.

If the length of e is less than the length of v, the character expression is filled on the right
with spaces.

The expression e must be of character data type. You cannot assign a numeric value to a
character scalar memory reference.
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Note that by assigning a value to a character substring you do not affect character positions
in the character scalar memory reference not included in the substring. If a character
position outside of the substring has a value previously assigned, it remains unchanged; if
the character position is undefined, it remains undefined.

Examples of valid and invalid character assignment statements follow. Note that all scalar
memory references in the examples are assumed to be of character data type.

Valid

FILE = ‘PRDOGZ’

REVOL (1) = ‘MAR'//'CIA’

LOCA(3:8) = ‘PLANTS TEXT(I»J+1)(2:N-1) = NAME//X

Invalid

‘ABC’ = CHARS Element on the left must be a character vari-
able, array element, or substring reference.

CHARS = 25 Expression on the right must be of character
data type.

STRING = SHBEGIN Expression on the right must be of character

data type; Hollerith constants are numeric,

7.4 Rgoregate Assignment Statement

The aggregate assignment statement assigns the value of each field of the aggregate on the
right of the equal sign to the corresponding field of the aggregate on the left. Note that both
aggregates must be declared with the same structure.

The aggregate assignment statement has the form:

v=e
where:
v
is an aggregate reference (see Section 6.2.5.3) with the same structure as the aggregate
represented by e.
e

is an aggregate reference (see Section 6.2.5.3) with the same structure as the aggregate
represented by v.

Assignment Statements  7-5



Examples:

RECORD /DATA/ TODAY s THIS_WEEK(7)
STRUCTURE /APPOINTMENT/
RECORD /DATA/ APP_DATE
END STRUCTURE
RECORD /APPOINTMENT/ MEETING
GET.DATE (TODAY)
DO I = 1.7
THIS_WEEK (I) = TODAY
THIS_WEEK (I).DAY = TODAY.DAY + 1
END DO
MEETING.APP_DATE = TODAY

7.5 ASSIGN Statement

The ASSIGN statement assigns a statement label value to an integer variable. The varia-
ble can then be used as either a transfer destination in a subsequent assigned GO TO
statement or a format specifier in a formatted I/O statement.

The ASSIGN statement has the form:

ASSIGN s TO v

where:

s
is the label of an executable statement or a FORMAT statement in the same program
unit as the ASSIGN statement.

v

is an integer variable.

The ASSIGN statement assigns the statement number to the variable. It is similar to an
arithmetic assignment statement, with one exception: the variable becomes defined for use
as a statement label reference and becomes undefined as an integer variable.

The ASSIGN statement must be executed before the statement(s) in which the assigned
variable is to be used. Moreover, the ASSIGN statement and the statement(s) in which the
assigned variable is used must occur in the same program unit. For example:

ASSIGN 100 TO NUMBER

This statement associates the variable NUMBER with the statement label 100. Arithmetic
operations on the variable, as in the following statement, then become invalid because
arithmetic on label values is undefined:

NUMBER = NUMBER + 1
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The next statement dissociates NUMBER from statement 100, assigns it an integer value
10, and returns it to its status as an integer variable:

NUMBER = 10
The variable NUMBER can no longer be used in an assigned GO TO statement.

Examples of ASSIGN statements are:

ASSIGN 10 TO NSTART
ASSIGN 99999 TO KSTOP
ASSIGN 250 TO ERROR

(Note: ERROR must be previously defined as an integer variable.)
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Chapter 8
Specification Statements

Specification statements are nonexecutable statements that are used to allocate and ini-
tialize variables, arrays, records, and structures and to define other characteristics of the
symbolic names used in the program.

The specification statements, in alphabetical order, are:

¢ BLOCK DATA statement—establishes and defines common blocks and assigns initial
values to entities contained in those common blocks.

¢ COMMON statement—defines one or more contiguous areas of storage.

¢ DATA statement—assigns initial values to variables, arrays, and array elements be-
fore program execution.

* Data type declaration statement—explicitly defines the data type of specified sym-
bolic names. :

o DIMENSION statement—defines the number of dimensions in an array and the num-
ber of elements in each dimension.

e EQUIVALENCE statement—associates two or more entities with the same storage
location.

o EXTERNAL statement—allows use of user-supplied procedures as arguments to sub-
programs. (See Appendix A for a version of the EXTERNAL statement that is com-
patible with earlier versions of FORTRAN produced by DIGITAL.)

o IMPLICIT statement—overrides the implied data type of symbolic names.

e INTRINSIC statement—allows use of FORTRAN intrinsic functions as arguments to
subprograms.

o NAMELIST statement—specifies lists of entities whose values may be read or written
in namelist-directed I/O statements and associates the list with specified group-
names.

¢ PARAMETER statement—assigns a symbolic name to a constant value. (See Appen-
dix A for a version of the PARAMETER statement that is compatible with earlier
versions of FORTRAN produced by DIGITALL.)
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* PROGRAM statement—assigns a symbolic name to a main program unit.

o RECORD statement—establishes a record with the structure defined by the block of
statements in a structure declaration.

¢ SAVE statement—retains values of local variables after a return from a subprogram.
o Structure declaration block—specifies the form, or structure, of a record.

° VOLATILE statement—prevents optimization from being performed on specified var-
iables, arrays, and common blocks.

The following sections detail these statements, giving their forms and showing their use.

8.1 BLOCK DATA Statement

The BLOCK DATA statement, followed by a series of specification statements, assigns
initial values to entities in named common blocks and, at the same time, establishes and
defines those blocks.

The BLOCK DATA statement has the form:
BLOCK DATA [nam]

where:

nam
is a symbolic name.

You can use COMMON, DATA, DIMENSION, EQUIVALENCE, IMPLICIT, PARAME-
TER, RECORD, SAVE, structure declaration, and type declaration statements following a
BLOCK DATA statement.

The specification statements that follow the BLOCK DATA statement establish and define
common blocks, assign variables, arrays, and records to these blocks, and assign initial
values to the variables, arrays, and records.

A BLOCK DATA statement and its associated specification statements comprise a special
kind of program unit. A block data program unit must not contain any executable state-
ments. As with other types of program units, the last statement in a block data program
unit is an END statement.

If you use a BLOCK DATA statement to initialize any entity in a labeled common block,
you must provide a complete set of specification statements to establish the entire block,
even though some of the entities in the block do not appear in a DATA statement. You can

use the same block data program unit to define initial values for more than one common
block.

You can include the name of a block data subprogram in an EXTERNAL statement of a
different program unit to force the VAX Linker to search object libraries for the block data
subprogram at link time.
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An example of a block data program unit follows:

BLOCK DATA BLKDAT

INTEGER SX

LOGICAL T W

DOUBLE PRECISION U

DIMENSION R(3)

COMMON /AREAL/RS»TsU /AREAZ/W XY

DATA R/1.0,2%2,0/» T/.FALSE./» U/0.214537D-7/+ W/ TRUE./+ Y¥/3.5/
END

8.2 COMMON Statement

A COMMON statement defines one or more contiguous areas, or blocks, of storage. COM-
MON statements also define the order in which variables, arrays, and records are stored in
each common block,

A symbolic name identifies each block. However, you can omit a symbolic name for one
block in a program unit. The block without a name is known as the blank common block.

The COMMON statement has the form:
COMMON [/[cb]/]nlist([,] /[cb]/nlist]...

where:

cb

is a symbolic name, called a common block name. Cb can be blank. If the first cb is
blank, you can omit the first pair of slashes.

nlist

is a list of variable names, array names, array declarators, and records separated by
commas.

Any common block name cb or an omitted cb for blank common can occur more than once
in one or more COMMON statements in a program unit. The list nlist following each
successive appearance of the same common block name is treated as a continuation of the
list for that common block name.

A common block name can have the same name as that of a variable, array, or record.
However, it cannot be the same as a function, subroutine, or entry name in the executable
program.

When you declare common blocks of the same name in different program units, these
blocks all share the same storage area when the program units are combined into an
executable program.

Entities are assigned storage in common blocks on a one-for-one basis. Thus, the entities
assigned by a COMMON statement in one program unit should agree with the data type of
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entities placed in a common block by another program unit. For example, if one program
unit contains the statement

COMMON CENTS

and another program unit contains the statements
INTEGER*2 MONEY
COMMON MONEY

when these program units are combined into an executable program, incorrect results may
occur because the 2-byte integer variable MONEY is made to correspond to the lower-
addressed two bytes of the real variable CENTS.

The following program segments show a common block in a main program and a corre-
sponding common block in a subprogram:

Main Program - Subprogram

COMMON HEAT »¥X /BLK1/KILO.Q SUBROUTINE FIGURE
' COMMON /BLK1/LIMAR / /ALFABET

+ +

+ +

CALL FIGURE '
. RETURN
' END

+

The COMMON statement in the main program puts HEAT and X in the blank common
block, and KILO and Q in a named common block, BLK1. The COMMON statement in
the subroutine makes ALFA and BET correspond to HEAT and X in the blank common
block, and makes LIMA and R correspond to KILO and Q in BLK1.

You can use array declarators in the COMMON statement to define arrays.

8.3 DATA Statement

The DATA statement assigns initial values to variables and array elements before program
execution.

The DATA statement has the form:
DATA nlist/clist/[[,] nlist/clist/]...

where:

nlist

is a list of one or more variable names, array names, array element names, character
substring names, or implied-DO lists, separated by commas. Subscript expressions
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and expressions in substring references must be integer expressions containing integer
constants and implied-DO variables. The form of an implied-DO list in a DATA
statement is:

(dlist, i=n1,n2[,n3])

clist

where:

dlist

is a list of one or more array element names, character substring names, or implied-
DO lists, separated by commas.

i

is the name of an integer variable.

n1,n2,n3

are each an integer constant expression, except that the expression can contain im-
plied-DO variables of other implied-DO lists that can have this implied-DO list
within their ranges.

is a list of constants; clist constants have one of the following forms:

theof

where:

c
is a constant or the symbolic name of a constant.

n

defines the number of times the same value is to be assigned to successive entities in
the associated nlist; n is a nonzero, unsigned integer constant or the symbolic name of
an integer constant.

The DATA statement assigns the constant values in each clist to the entities in the preced-
ing nlist. Values are assigned one by one in order as they appear, from left to right.
Therefore, the number of constants must correspond exactly to the number of entities in
the preceding nlist.

When an unsubscripted array name appears in a DATA statement, values are assigned to
every element of that array. The associated constant list must therefore contain enough
values to fill the array. Array elements are filled in the order of subscript progression.

The relationship of nlist items to clist items is described in the following list.

1.

If both the constant value in clist and the entity in nlist have numeric data types,
conversion is based on the following rules:

o The constant value is converted, if necessary, to the data type of the variable being
initialized.
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°© When an octal or hexadecimal constant is assigned to a variable or array element,
the number of digits that can be assigned depends on the data type of the data
item. If the constant contains fewer digits than the capacity of the variable or array
element, the constant is extended on the left with zeros; if the constant contains
more digits than can be stored, the constant is truncated on the left.

If the constant value in clist and the entity in nlist are both of character data type,
the conversion is based on the following rules:

e If the constant contains fewer bytes than the length of the entity, the rightmost
character positions of the entity are initialized with spaces.

e If the constant contains more bytes than the length of the entity, the character
constant is truncated on the right.

If the constant value in clist is of numeric data type and the entity in nlist is of
character data type, the constant and the entity must conform to the following
restrictions:

o The character entity must have a length of one character.

o The constant must be an integer, octal, or hexadecimal constant and must have a
value in the range 0 through 255.

If the constant value in clist is a Hollerith or character constant and the entity in
nlist is a numeric variable or numeric array element, the number of characters that
can be assigned depends on the data type of the data item (see Table 6-1). If the
Hollerith or character constant contains fewer characters than the capacity of the
variable or array element, the constant is extended on the right with spaces. If the
constant contains more characters than can be stored, the constant is truncated on
the right.

When the constant and the entity conform to these restrictions, the entity is initialized
with the character that has the ASCII code specified by the constant. This permits a
character entity to be initialized to any 8-bit ASCII code.

The first DATA statement in the following example assigns zero to all 10 elements of array
A and 4 asterisks followed by 2 spaces to the character variable STARS. The second DATA
statement assigns ASCII control character codes to the character variables BELL, TAB,
LF, and FF.

INTEGER AC1IO)

CHARACTER BELL: TAB:s LF, FF: STARS*G
DATA ASTARS /10%0, ' *x%x%'/

DATA BELL,»TAB,LFFF /7+9:10,12/
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8.4 Data Type Declaration Statements

Type declaration statements explicitly define the data type of specified symbolic names.
There are two forms of type declaration statements: numeric type declarations (see Section
8.4.1) and character type declarations (see Section 8.4.2).

You can initialize data in either form of type declaration statement by placing values
bounded by slashes immediately after the symbolic name of the variable or array to be
initialized. The way that initial values are assigned parallels the way that initial values are
assigned in DATA statements.

The following rules apply to type declaration statements:
¢ Type declaration statements must precede all executable statements.
e The data type of a symbolic name can be declared only once.

¢ A type declaration cannot change the type of a symbolic name that has been used in a
context that implicitly assumes a different type.

8.4.1 Numeric Type Declaration Statements
Numeric type declaration statements have the form:
type v[/clist/][,v[/clist/]]...

where:

type
is any of the following data type specifiers: LOGICAL, INTEGER, REAL,
DOUBLE PRECISION, COMPLEX, or DOUBLE COMPLEX. Note that BYTE and
LOGICAL+*1 are equivalent.

is the symbolic name of a constant, variable, array, statement function or function
subprogram, or array declarator. ‘

clist
is a list of constants, as in a DATA statement. (See Section 8.3.)

You can use a numeric data type declaration statement to define arrays by including array
declarators (see Section 6.2.3.1) in the list.

A symbolic name can be followed by a data type length specifier of the form *s, where s is
one of the acceptable lengths for the data type being declared. Such a specification over-
rides the length attribute that the statement implies and assigns a new length to the
specified item. If you specify a data type length specifier with an array declarator, the data
type length specifier goes immediately after the array name.
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You can use a type declaration statement to assign initial values to variables or arrays.
This is done by specifying a list of constants (clist) in the type declaration statement. The
constants specified initialize only the variable or array that immediately precedes them.
The constant list cannot consist of more than one element unless it is being used to
initialize an array. The list of constants used to initialize an array must contain a value for
every element in the array.

Examples of numeric type declaration statements are:

INTEGER COUNTs MATRIX(4.,4), SUM
REAL MAN, MU
LOGICAL SWITCH

INTEGER*2 I+ J» Ky M12%4, Q, IVEC*4(10)
REAL*B WX1, WXZ,» WX3*4, WXS, WXG*8
REAL*¥16 P1/3.1415900/ E/2,7200/ DARRAY(10)/3%0,0,5%1,0/

8.4.2 Character Type Declaration Statements
Character type declaration statements have the form:
CHARACTER([*len[,]] v[*len][/clist/][,v[*len][/clist/]]...

where:

is the symbolic name of a constant, variable, array, statement function, or function
subprogram or array declarator.

len
is an unsigned integer constant, an integer constant expression enclosed in
parentheses, or an asterisk enclosed in parentheses. The value of len specifies the
length of the character data elements.

clist
is a list of constants, as in a DATA statement. (See Section 8.3.)

If you use CHARACTER#*len, len is the default length specification for that list. If an item
in that list does not have a length specification, the item’s length is len. However, if an item
does have a length specification, it overrides the default length specified in
CHARACTER#*len.

A length specification of asterisk—for example, CHARACTER*(*)—specifies that a func-
tion name or dummy argument assumes the length specification of the corresponding
function reference or actual argument (see Chapter 6). A length specification of asterisk for
the symbolic name of a constant specifies that the symbolic constant name is to assume the
actual length of the constant that it represents.

The length specification must be in the range 1 to 65535. If you do not specify a length, a
length of one is assumed. Note that a length specification of zero is invalid. You can use a
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character type declaration statement to define arrays by including array declarators (see
Section 6.2.3.1) in the list. If you specify both an array declarator and a length, the array
declarator goes first.

Specifying a list of constants (clist) allows you to assign initial values to variables or arrays.
The constants specified initialize only the variable or array that immediately precedes
them. The constant list cannot consist of more than one element unless it is being used to
initialize an array. The list of constants used to initialize an array must contain a value for
every element in the array.

Examples of character type declaration statements follow.

1. The following statement specifies an array NAMES comprising one hundred 32-
character elements, an array SOCSEC comprising one hundred 9-character ele-
ments, and a variable NAMETY, which is 10 characters long with an initial value of
"ABCDEFGHIJ “:

CHARACTER*32 NAMES(100) » SOCSEC(100)*9, NAMETY*10/ 'ABCDEFGHIJ "’/
2. The following statement specifies two 8-character variables, LAST and FIRST:

PARAMETER (LENGTH=4)
CHARACTER* (4+LENGTH) LAST» FIRST

(Note: The PARAMETER statement is described in Section 8.11.)

3. The following statement specifies an array LETTER comprising twenty-six 1-char-
acter elements and a dummy argument, BUBBLE, which has a passed length (it is
defined by the calling program):

SUBROUTINE S1(BUBBLE)
CHARACTER LETTER(ZG) » BUBBLE* (%)

4, The following statement is invalid; the value specified for BIGCHR is too large and
the length specifier for QUEST is not an integer constant expression:

CHARACTER*16G BIGCHR* (GOO0O0O*¥26) » QUEST* (S*INT(A))

8.5 DIMENSION Statement

The DIMENSION statement defines the number of dimensions in an array and the num-
ber of elements in each dimension.

The DIMENSION statement has the form:
DIMENSION a(d)[,a(d)]...
where:

a(d)
is an array declarator. (See Section 6.2.3.1.)
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The DIMENSION statement allocates a number of storage elements to each array named
in the statement. One storage element is assigned to each array element in each dimension,
and the length of each storage element is determined by the data type of the array. The
total number of storage elements assigned to an array is equal to the number produced by
multiplying together the number of elements in each dimension in the array declarator. For
example:

DIMENSION ARRAY(4.,4), MATRIX(5:5,5)

This statement defines ARRAY as having 16 real elements of 4 bytes each and defines
MATRIX as having 125 integer elements of 4 bytes each.

The VIRTUAL statement has the same form and effect as the DIMENSION statement.
VAX FORTRAN supports the VIRTUAL statement in order to be compatible with PDP-11
FORTRAN.

For further information on arrays and the storage of array elements, see Section 6.2.3.

You can also use array declarators in type declaration and COMMON statements. How-
ever, in each program unit, you can use an array name in only one array declarator.

Examples of DIMENSION statements are:

DIMENSION BUD(12,24,10)
DIMENSION X(5,5:3) s ¥Y(4.+85), Z(100)
DIMENSION MARK (444 .4 4+4)

SUBROUTINE APROCC(AL1,AZ N1 N2 4N3)
DIMENSION AL1(N1:NZ), AZ(N3:*)

8.6 EQUIVALENCGE Statement

The EQUIVALENCE statement partially or totally associates two or more entities in the
same program unit with the same storage location.

The EQUIVALENCE statement has the form:
EQUIVALENCE (nlist)[,(nlist)]...

where:

nlist
is a list of variables, array elements, arrays, or character substring references, sepa-
rated by commas. You must specify at least two of these entities in each list.

Each expression in a subscript or a substring reference must be an integer constant
expression. Records and record fields cannot be specified in EQUIVALENCE state-
ments.

The EQUIVALENCE statement causes all of the entities in one parenthesized list to be
allocated storage beginning at the same storage location.
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You can equivalence variables of different data types. If you do, multiple components of
one data type can share storage with a single component of a higher-ranked data type. For
example, if you make an integer variable equivalent to a complex variable, the integer
variable shares storage with the real part of the complex variable.

Examples of EQUIVALENCE statements:

1. The following EQUIVALENCE statement makes the four elements of the integer
array IARR occupy the same storage as that of the double-precision variable DVAR.

DOUBLE PRECISION DVAR
INTEGER#*2 IARR(4)
EQUIVALENCE (DVAR:s IARR(1))

2. The following EQUIVALENCE statement makes the first character of the character
variables KEY and STAR share the same storage location. The character variable
STAR is equivalent to the substring KEY (1:10).

CHARACTER KEY*1B,» STAR*10
EQUIVALENCE (KEYs» STAR)

8.6.1 Making Arrays Equivalent

When you make an element of one array equivalent to an element of another array, the
EQUIVALENCE statement also sets equivalences between the other elements of the two
arrays. Thus, if the first elements of two equal-sized arrays are made equivalent, both
arrays share the same storage space. If the third element of a 7-element array is made
equivalent to the first element of another array, the last five elements of the first array
overlap the first five elements of the second array.

You must not attempt to use the EQUIVALENCE statement to assign the same storage
location to two or more elements of the same array. You also must not attempt to assign
memory locations in a way that is inconsistent with the normal linear storage of array
elements. For example, you cannot make the first element of one array equivalent to the
first element of another array, and then attempt to set an equivalence between the second
element of the first array and the sixth element of the other array.

For example:

DIMENSION TABLE (2:2)s TRIPLE (2:2,2)
EQUIVALENCE (TABLE(24+2), TRIPLE(1:2:2))

As a result of these statements, the entire array TABLE shares part of the storage space
allocated to array TRIPLE. Figure 8-1 shows how these statements align the arrays.
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Array TRIPLE Array TABLE

Array Element Array Element
Element Number Element Number

TRIPLE(1,1,1)
TRIPLE(2,1,1)
TRIPLE(1,2,1)

IOt W

TRIPLE(2,2,1) TABLE(1,1) 1
TRIPLE(1,1,2) TABLE(2,1) 2
TRIPLE(2,1,2) TABLE(1,2) 3
TRIPLE(1,2,2) TABLE(2,2) 4
TRIPLE(2,2,2)

Figure 8-1: Equivalence of Array Storage

Each of the following statements also aligns the two arrays as shown in Figure 8-1:
EQUIVALENCE (TABLEs TRIPLE(2+2,1))
EQUIVALENCE (TRIPLE(1+1+2), TABLE(2,1))

Similarly, you can make arrays equivalent with nonunity lower bounds. For example, an
array defined as A(2:3,4) is a sequence of eight values. A reference to A(2,2) refers to the
third element in the sequence. To make array A(2:3,4) share storage with array B(2:4,4),
you can use the following statement:

EQUIVALENCE (A(3:4), B(2:4))

The entire array A shares part of the storage space allocated to array B. Figure 8-2 shows
how these statements align the arrays.

Each of the following statements also aligns the arrays as shown in Figure 8-2:

EQUIVALENCE (As B(44+1))
EQUIVALENCE (B(3,2),s A(2:2))

8-12  Specification Statements



Array B Array A

Array Element Array Element
Element Number Element Number
B(2,1) 1

B(3,1) 2

B(4,1) 3 A(2,1) 1
B(2,2) 4 A(3,1) 2
B(3,2) 5 A(2,2) 3
B(4,2) 6 A(3,2) 4
B(2,3) 7 A(2,3) 5
B(3,3) 8 A(3,3) 6
B(4,3) 9 A(2,4) 7
B(2,4) 10 A(3,4) 8
B(3,4) 11

B(4,4) © 12

Figure 8-2: Equivalence of Arrays with Nonunity Lower Bounds

Only in the EQUIVALENCE statement can you identify an array element with a single
subscript (that is, the linear element number), even though the array was defined as a
multidimensional array. For example, the following statements align the two arrays as
shown in Figure 8-1:

DIMENSION TABLE (2:2)» TRIPLE (2,2,2)
EQUIVALENCE (TABLE(4),» TRIPLE(7))

8.6.2 Making Substrings Equivalent

When you make one character substring equivalent to another character substring, the
EQUIVALENCE statement also sets equivalences between the other corresponding charac-
ters in the character entities.

For example:

" CHARACTER NAME*1G, ID%9
EQUIVALENCE (NAME(10:13), ID(2:5))

As a result of these statements, the character variables NAME and ID share space as
illustrated in Figure 8-3.
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The following statement also aligns the arrays as shown in Figure 8-3:
EQUIVALENCE (NAME(9:9), ID(1:1))

If the character substring references are array elements, the EQUIVALENCE statement
sets equivalences between the other corresponding characters in the complete arrays.

NAME

Character
Position

1

2

3

4

5

6

7 ID

: iy

9 1
10 2
11 3
12 4
13 5
14 6
15 7
16 8

9
ZK-618-82

Figure 8-3: Equivalence of Substrings

Character elements of arrays can overlap at any character position. For example:

CHARACTER FIELDS(100)#4, STAR(S)*5
EQUIVALENCE (FIELDS(1)(2:4), STAR(Z)(3:5))

As a result of these statements, the character arrays FIELDS and STAR share storage
space as shown in Figure 8-4.
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Figure 8-4:

Character
Position

STAR

Subscript

1

2
3
4
5

-

s |lwin

N

(5,0 R A

-

1

s |l N

-

olalwin

FIELDS
Character

Subscript Position
1 1
2

3

4

2 1
2

3

4

3 1
2

3

4

4 1
2

3

4

5 1
2

3

4

6 1
2

3

4

7 1
2

AN

100 1
2

3

4

Equivalence of Character Arrays

ZK-619-82

Specification Statements

8-15



You cannot use the EQUIVALENCE statement to assign the same storage location to two
or more substrings that start at different character positions in the same character variable
or character array.

You also cannot use the EQUIVALENCE statement to assign memory locations in a way
that is inconsistent with the normal linear storage of character variables and arrays.

8.6.3 EQUIVALENCE and COMMON Interaction

If you make variables or arrays equivalent to entities stored in a common block, the
common block can be extended beyond its original boundaries. However, you can only
extend the block beyond its last element; the extended portion cannot precede the first
element in the block. The following examples show valid and invalid extensions of the
common block:

Valid
A AR |AB) ] A4
DIMENSION A(d) » B(B) (1) (2) (3) )
COMMON A B(1)| B(2)| B(3) | B(4) | B(5) | B(6)
EQUIVALENCE (A(2), B(1)) ~ > ~ -
Existing Extended
Common Portion
ZK-1944-84
Invalid
A2) ] AB3)| A4
DIMENSION A(4), B(B) A1) (2) @) @
COMMON A B(1) | B2)| B3)| B4)| B(5)| B(6)
EQUIVALENCE (A(2), B(3)) = ~ =
Extended Existing Common Extended
Portion Portion
ZK-1945-84

If you assign two variables or arrays to common blocks, you cannot make them equivalent
to each other.

8.7 EXTERNAL Statement

The EXTERNAL statement allows you to use the names of external procedures as argu-
ments to other subprograms.

The subprograms mentioned in the EXTERNAL statement can never be FORTRAN in-
trinsic functions; they can only be user-supplied functions, subroutines, or block data
subprograms. The INTRINSIC statement discussed in Section 8.9 allows intrinsic function
names to be used as arguments.

The EXTERNAL statement has the form:
EXTERNAL v[,v]...
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where:

is the symbolic name of a user-supplied subprogram or the name of a dummy argu-
ment associated with the name of a subprogram.

The EXTERNAL statement declares each symbolic name included in it to be the name of
an external procedure, even if a name is the same as that of an intrinsic function. For
example, if SIN is specified in an EXTERNAL statement (EXTERNAL SIN), all subse-
quent references to SIN are to a user-supplied function named SIN, not to the intrinsic
function of the same name (see Section 10.3.3).

A name specified in an EXTERNAL statement can be used as an actual argument to a
subprogram, and the subprogram can then use the corresponding dummy argument in a
function reference or a CALL statement.

You can include the name of a block data subprogram in the EXTERNAL statement in
order to force the VAX Linker to search the object module libraries for the block data
subprogram. However, the name of the subprogram must not be used in a type declaration
statement.

Note that a complete function reference used as an argument—for instance, FUNC(B) in
CALL SUBR (A, FUNC(B), C)—represents a value, not a subprogram. A complete func-
tion reference is not, therefore, defined in an EXTERNAL statement.

The interpretétion of the EXTERNAL statement described herein is different from that of
earlier versions of FORTRAN produced by DIGITAL. See Appendix A for the earlier
interpretation.

See Section 8.9 for an example of EXTERNAL statements.

8.8 IMPLICIT Statement

By default, all names beginning with the letters I through N are assumed to be of integer
data type, and all names beginning with any other letter are assumed to be of REAL*4 data
type. The IMPLICIT statement overrides implied data typing of symbolic names.

The IMPLICIT statement has two forms:

{IMPLICIT typ (a[,a]...)[,typ(a[,a]...)]...}
NONE

where:

typ
is one of the data type specifiers. (See Chapter 6, Table 6-1.)

is an alphabetic specification in either of the general forms: ¢ or cl-c2, where c is an
alphabetic character. The latter form specifies a range of letters, from c1 through c2,
where cl precedes ¢2 in alphabetical order.
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When you specify typ as CHARACTER«*len, len specifies the length for character data
type. Len is an unsigned integer constant or an integer constant expression enclosed in
parentheses and must be in the range 1 through 65535.

The IMPLICIT statement assigns the specified data type to all symbolic names that begin
with any specified letter, or any letter in a specified range, and that have no explicit data
type declaration. For example:

IMPLICIT INTEGER (I sJsK L +MsN)
IMPLICIT REAL (A-H» 0-2)
These statements represent the default in the absence of any data type specifications.

Examples of IMPLICIT statements are:

IMPLICIT DOUBLE PRECISION (D)

IMPLICIT COMPLEX (S,¥),» LOGICAL*1 (Ls+A-C)
IMPLICIT CHARACTER*32 (T-\)

IMPLICIT CHARACTER*Z (W)

You use an IMPLICIT NONE statement to override all implicit defaults. You must then
explicitly declare the data types of all symbolic names in the program unit. If you specify
IMPLICIT NONE, no other IMPLICIT statement can be included in the program unit.

The IMPLICIT statement has no effect on the default types of intrinsic functions.

By using the /WARNINGS = DECLARATIONS qualifier in the FORTRAN command line,
you can get the benefit of IMPLICIT NONE (that is, be issued warnings when variables are
used but not declared) without having to use the IMPLICIT NONE statement, a VAX
FORTRAN language extension.

8.9 INTRINSIC Statement

The INTRINSIC statement allows you to use names of intrinsic functions as arguments to
subprograms. See the appendixes for the names and descriptions of the individual
FORTRAN intrinsic functions; for further information on intrinsic functions, see Chapter
10.

The INTRINSIC statement has the form:
INTRINSIC V[,v]...

where:

v
is the symbolic name of an intrinsic function.

The INTRINSIC statement declares each symbolic name included in it to be the name of

an intrinsic procedure. This name can then be used as an actual argument to a subpro-

gram, and the subprogram can then use the corresponding dummy argument in a function
reference or a CALL statement.
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An example of the use of the EXTERNAL and INTRINSIC statements follows.

Main Program

0
+

+

EXTERNAL CTN

INTI:(INSIC SIN, COS

CALLS. TRIG(ANGLE +SINSINE)

CALI; TRIG(ANGLE »COS5,COSINE)
CALI; TRIG(ANGLE »CTN»COTANGENT)

.

Subprograms

SUBROUTINE TRIG(XsFs¥)
Y = F(X

RETURN

END

FUNCTION CTN(X)
CTN = COS(X)/8INCX)
RETURN

END

In the preceding example, when TRIG is called with a second argument of SIN or COS, the
function reference F(X) references the FORTRAN library functions SIN and COS; but
when TRIG is called with a second argument of CTN, F(X) references the user function

CTN.
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8.10 NAMELIST Statement

The NAMELIST statement defines a list of variables or array names and associates that
list of names with a unique group-name. The group-name is used in the namelist-directed
I/O statement to identify the variables or arrays that are to be read or written.

The NAMELIST statement has the form:
NAMELIST /group-name/ namelist[[,] /group-name/ namelist]...

where:

group-name
is a symbolic name.

namelist

is a list of variable or array names, separated by commas, that is to be associated with
the preceding group-name.

The namelist associates a group of entities (variables or arrays) with a single group-name,
which is used by namelist-directed I/O statements in lieu of an I/O list. The unique group-
name identifies a list whose entities can be modified or transferred.

The namelist entities can be of any data type and can be explicitly or implicitly typed.
Array elements, character substrings, records, and record fields are not permitted in a
namelist, but you can use namelist-directed 1/O to assign values to elements of arrays or
substrings of character variables that appear in namelists.

Only the entities specified in the namelist can be read or written in namelist-directed I/0.
It is not necessary for the input records in a namelist-directed input statement to define
every entity in the associated namelist.

The order of entities in the namelist controls the order in which the values are written in
the namelist-directed output. Input of namelist values can be in any order.

A variable or an array name can appear in several namelists, Dummy arguments cannot
appear in a namelist.

An example of a NAMELIST statement follows:

CHARACTER*30 NAME(Z35)
NAMELIST /INPUT/ NAME: GRADE: DATEG /0UTPUT/ TOTAL,» NAME

In the preceding example, the NAMELIST statement defines two group-names: (1) INPUT
with the entities NAME, GRADE, and DATE and (2) OUTPUT with the entities TOTAL
and NAME,

Refer to Sections 11.4.1.3 and 11.5.1.3 for more information on namelist-directed 1/O.
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8.11 PARAMETER Statement

The PARAMETER statement assigns a symbolic name to a constant.
The PARAMETER statement has the form:
PARAMETER (p=c[,p=c]...)

where:

p
is a symbolic name.

is a constant, a compile-time constant expression, or the symbolic name of a constant.
Compile-Time Constant Expressions

A compile-time constant expression can be a compile-time logical expression, a compile-
time character expression, or a compile-time arithmetic expression.

A compile-time logical expression is a logical expression in which:

e Each operand is either a constant; the symbolic name of a constant; one of the func-
tions IAND, IOR, NOT, IEOR, ISHFT, LGE, LGT, LLE, LLT with constant
operands; or another compile-time constant expression.

e Each operand has a data type of logical or integer.
e Each operator is a Boolean or relational operator.
A compile-time character expression is a character expression in which:

e Each operand is either a constant, the symbolic name of a constant, the function
CHAR with a constant operand, or another compile-time constant expression.

® Each operand has a data type of character.
e Each operator is the concatenation operator //.
A compile-time arithmetic expression is an arithmetic expression in which:

® Each operand is either a constant; the symbolic name of a constant; one of the func-
tions MIN, MAX, ABS, MOD, ICHAR, NINT, DIM, DPROD, CMPLX, CONJG,
IMAG with constant operands; or another compile-time constant expression.

e Each operand has a data type of integer, real, or complex.

o Each operator is a +, —, *, /, or ** operator. (The ** operator is evaluated at compile
time only if the exponent has a data type of integer.)
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Symbolic Names
The data type of a symbolic name defined to be a constant is determined as follows:

¢ By an explicit type declaration statement preceding the defining PARAMETER state-
ment

e By the same rules for implicit declarations that determine the data type of any other
symbolic name

For example, the following PARAMETER statement is interpreted as MU=1, unless the
PARAMETER statement is preceded by an appropriate type declaration or IMPLICIT
statement, for example, REAL*8 MU:

PARAMETER (MU=1,23)

Once a symbolic name is defined to be a constant, it can appear anywhere in a program
that any other constant can appear—except in FORMAT statements (where constants can
only be used in variable format expressions) and as the character count for Hollerith
constants. For compilation purposes, writing the name is the same as writing the value.
The following rules govern the use of symbolic constant names:

¢ If the symbolic name is used as the length specifier in a CHARACTER declaration, it
must be enclosed in parentheses. If it is used as a numeric item in a FORMAT edit
description, it must be enclosed in angle brackets.

e The symbolic name of a constant cannot appear as part of another constant,
it can appear as either the real or imaginary part of a complex constant.

¢ A symbolic name defined to be a constant can be used only within the program unit
containing the defining PARAMETER statement. Also, a symbolic name can be de-
fined only once within the same program unit.

The form and the interpretation of the PARAMETER statement described herein are
different from those of the PARAMETER statement provided in earlier versions of
FORTRAN produced by DIGITAL. However, VAX FORTRAN provides support for both
the FORTRAN-77 and the earlier form of the PARAMETER statement; see Appendix A
for information on the earlier form and interpretation.

The following sequence of statements demonstrates the use of the FORTRAN-77 PARAM-
ETER statement:

REAL*4 PI,» PIOVZ

REAL*8 DPI, DPIOVZ

LOGICAL FLAG

CHARACTER* (%) LONGNAME

PARAMETER (PI=3.,1415927, DPI=3.,141592653589793238D0)
PARAMETER (PIOVZ=PI/2, DPIOVZ=DPI/Z)

PARAMETER (FLAG=.TRUE.» LONGNAME='A STRING OF 25 CHARACTERS’)
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8.12 PROGRAM Statement

The PROGRAM statement assigns a symbolic name to a main program unit.
The PROGRAM statement has the form:
PROGRAM nam

where:

nam
is the symbolic name of a source file.

The PROGRAM statement is optional. The default name for a main program unit is

filename$MAIN, where filename is the name of your source file. If filename is larger than

26 characters and a name is not specified in a PROGRAM or BLOCK DATA statement,
the name is truncated to 26 characters and $MAIN is appended to form the program name.

If you use the PROGRAM statement, it must be the first statement in the main program;
however, it is the second statement in a main program that begins with an OPTIONS
statement. The symbolic name must not be the name of any entity within the main
program; it also must not be the same as the name of any subprogram, entry, or common
block in the same executable program.

8.13 REGORD Statement
The RECORD statement creates a record of the form specified in a previously declared
structure.

The effect of a RECORD statement is comparable to that of an ordinary FORTRAN type
declaration except that composite, or aggregate, data items are declared instead of scalar
data items.

The format of a RECORD statement is as follows:

RECORD /structure-name/record-namelist
[,/structure-name/record-namelist]

[,/structure-name/record-namelist]

where:

structure-name

is the name of a previously declared structure. See Section 8.15.1 for a description of
structure declarations.
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record-namelist

is a list of one or more variable names, array names, or array declarators, separated by
commas. All of the records named in this list have the same structure and are allo-
cated separately in memory.

Record names can be used in COMMON and DIMENSION statements. They cannot be
used in DATA, EQUIVALENCE, NAMELIST, or SAVE statements.

Records initially have undefined values unless you have defined their values in structure

declarations.

Examples

The following RECORD statement creates a pair of records with the form of structure
declaration DATE:

RECORD/DATE/ TODAY »YESTERDAY

The preceding example creates the variables TODAY and YESTERDAY—each with the
same structure—in separate areas of memory.

The following RECORD statement creates a record and an array of records with the
structure CHECK.

RECORD /CHECK/ CURRENT_CHECK, CHECKBOOK(1000)

8.14 SAVE Statement

The SAVE statement causes the definition of data entities to be retained after execution of
a RETURN or END statement in a subprogram.

The SAVE statement has the form:
SAVE [a[,a]...]
where:

a

is one of the following entities: a common block name (preceded and followed by a
slash), a variable name, or an array name.

An entity specified by a SAVE statement within a program unit does not become undefined
upon execution of a RETURN or END statement in that program unit. If the entity is in a
common block, however, it may become undefined (or redefined) in another program unit.

Procedure names, blank common blocks, names of entities in a common block, and names
of dummy arguments cannot be used in a SAVE statement.

A SAVE statement that does not explicitly contain a list is treated as though it contained a
list of all allowable items in the program unit that contains the SAVE statement.
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NOTE

It is not necessary to use SAVE statements in VAX FORTRAN programs. The
definitions of data entities are retained automatically by VAX FORTRAN, mak-
ing the use of SAVE statements a redundant exercise. However, its use is re-
quired by the ANSI FORTRAN Standard for programs that depend on such
retention for their correct operation. If you want your programs to be transport-
able, you should include SAVE statements where your programs would other-
wise require them, Note that the omission of SAVE statements in necessary
instances is not flagged, even when you specify the /STANDARD qualifier on
your FORTRAN command, because the compiler has no way to determine
whether such dependencies exist.

8.15 Structure Declaration Bloclt

The structure, or form, of a record is defined by a multistatement declaration. This decla-
ration is composed of the following elements:

o STRUCTURE statement: This statement indicates the beginning of a structure decla-

ration.

o Declaration body: The body of a structure declaration is composed of one or more field

declarations. The order of the declarations determines the order of the fields within a
structure.

o END STRUCTURE statement: This statement indicates the end of a structure decla-

ration.

Field declarations within structure declarations consist of the following:

1.

Typed data declaration statements. Ordinary FORTRAN type declaration; see Sec-
tion 8.4. Fields can be any data type and can be dimensioned in the normal way.

Substructure declarations. A field within a structure can be a substructure composed
of atomic fields and/or other substructures. There are two ways to declare substruc-
tures:

RECORD statements specifying names of other, previously declared, structure
declarations to be incorporated as substructures; see Section 8.13.

Other, nested structure declarations, that is, one or more levels of structure decla-
rations contained within a structure declaration.

Union declarations. A union declaration declares groups of fields that logically share
a common location within a structure. Each group of fields within a union declara-
tion is declared by a map declaration, with one or more fields per map declaration.

You use union declarations when you want to use the same area of memory to
alternately contain two or more groups of fields. Whenever one of the fields declared
by a union declaration is referenced in your program, that field and any other fields
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in its map declaration become defined. Then, when a field in one of the other map
declarations in the union declaration is referenced, the fields in that map declaration
become defined, superseding the fields that were previously defined.

4. PARAMETER statements. A structure declaration block containing a
PARAMETER statement has no effect on the meaning of the PARAMETER state-
ment declaration. (Note: Because the PARAMETER statement is not conceptually
related to the topic of structure declarations, its inclusion in a structure declaration
block is not noted elsewhere in this section.)

The names specified in these statements are not the names of variables and the statements
in a structure declaration do not create variables. The names are field names, and the
information provided in the statements describes the layout, or form, of the structure. The
ordering of both the statements and the field names within the statements is important
because this ordering determines the order of the fields in records.

Sections 8.15.1 through 8.15.3 describe structure declarations, substructure declarations,
and union declarations.

C.18.1 Strustine Dealaratizn

A VAX FORTRAN record comprises one or more fields. The field(s) within a VAX
FORTRAN record are defined by means of a structure declaration. This declaration defines
the field names, the types of data within fields, and the order and alignment of fields
within a record.

Unlike type declaration statements, structure declarations do not create variables. Struc-
tured variables (referred to as “records”) are created when you use a RECORD statement
containing the name of a previously declared structure. The RECORD statement can be
considered as a kind of type statement. The difference is that aggregate items, rather than
single items, are being defined.

The form of a structure declaration is as follows:

STRUCTURE [/structure-name/][field-namelist]
field-declaration
[field-declaration]

[field-declaration]
END STRUCTURE

where:

structure-name

The name used to identify a structure. A structure name is enclosed by slashes. If the
slashes are present, a name must be specified between them.

The structure name is used in subsequent RECORD statements to refer to a struc-
ture.
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Structure declarations can be nested; that is, a structure declaration can contain one
or more other structure declarations. A structure name is required on the structured
declaration at the outermost level of nesting. A structure name is optional for nested
declarations. A nested structure declaration requires a name only when you wish to
reference it elsewhere in your program in a RECORD statement.

A structure name must be unique among structure names. However, structure names
can also be used to name either variables (simple or array) or fields. Thus, it is
possible to have a variable named X, a structure named X, and one or more fields
named X.

Structure, field, and variable names are all local to the defining program unit. When
records are passed as arguments, the fields must match in type, order, and dimension.
field-namelist ,
A list of fields having the structure of the associated structure declaration. A field
namelist is allowed only in nested structure declarations. Nested structure declara-
tions are described in Section 8.15.2.
field-declaration

Field declarations can consist of any combination of the following types of declara-
tions:

Substructure declarations
Union declarations
Typed data declarations

These declarations are described under the headings that follow.

Substructure declaration

A field within a structure can be a substructure composed of atomic fields and/or other
substructures. See Section 8.15.2 for a description of substructure declarations.

Union declaration

A union declaration is composed of one or more mapped field declarations. The mapped
fields logically share a common location within a structure. See Section 8.15.3 for a more
complete description of union declarations.

Typed data declaration

The syntax of a typed data declaration within a record structure is identical to that of a
normal FORTRAN type statement; that is, it includes a type (for example, INTEGER),
one or more names of variables or arrays, and, optionally, one or more data initialization
values.
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The following rules apply to typed data declarations in record structures:

o The pseudo-name %FILL can be specified in place of a field name to create empty
space in a record for purposes such as alignment. This creates an unnamed field.

o Initial values can be supplied in the field declaration statements. These initial values
are supplied for all records that are declared using this structure. Fields not initialized
will have undefined values when variables are declared by means of RECORD state-
ments. Unnamed fields cannot be initialized; they are always undefined. See Sections
8.4.1 and 8.4.2 for detailed descriptions of numeric and character typed declarations.

o All field names must be explicitly typed and there are no default names. The
IMPLICIT statement has no effect on statements within a structure declaration.

o All VAX FORTRAN data types are allowed in the data declarations.

o Any required array dimensions must be specified in the field declaration statements;
DIMENSION statements cannot be used to define field names.

o Adjustable or assumed sized arrays and passed length CHARACTER declarations are
not allowed in field declarations.

o Field names within the same declaration level must be unique, but an inner structure
declaration (substructure declaration) can include field names used in an outer struc-
ture declaration without conflict.

In a structure declaration, each field offset is the sum of the lengths of the previous fields;
the length of the structure therefore is the sum of the lengths of its fields. The structure is
packed; you must explicitly provide any alignment that is needed by including, for exam-
ple, unnamed fields of the appropriate length.

Examples
The following examples illustrate the use and form of structure declarations:
1. The structure named DATE is defined by the following declaration:

STRUCTURE /DATE/
LOGICAL*1 DAY, MONTH
INTEGER*2 YEAR

END STRUCTURE

This structure contains three scalar fields: DAY (LOGICAL+1), MONTH
(LOGICAL*1), and YEAR (INTEGER*2).

The following diagram shows the memory mapping of any record or record array
element with the structure DATE.
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?+0 field DAY
?2+1 field MONTH
?+2
field YEAR
?+ 4
ZK-1849-84

2. The structure named APPOINTMENT is defined by the following declaration:
STRUCTURE /APPOINTMENT/

RECORD /DATE/ APP.DATE

STRUCTURE /TIME/ APP_TIME (2)
LOGICAL*1 HOUR + MINUTE

END STRUCTURE

CHARACTER*20 APP_MEMO (4)

LOGICAL*1 APP_FLAG

END STRUCTURE

APPOINTMENT contains the structure DATE (field APP_DATE) as a substruc-
ture. It also contains a substructure named TIME (field APP_TIME, an array), a
CHARACTER%20 array named APP_MEMO, and a LOGICAL+*1 variable named
APP__FLAG. (Note: The use of substructures is described in the Section 8.15.2.)

The length of any instance of structure APPOINTMENT is 89 bytes. The following
diagram shows the memory mapping of any record or record array element with the
structure APPOINTMENT.
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?7+0 field DAY of field APP__DATE
? 4+ 1 field MONTH of field APP_DATE
?7+2
field YEAR of field APP__DATE
?7+3
?7+4 field HOUR of field APP_TIME(1)
. ?7+5 field MINUTE of field APP_TIME(1)

?7+6 field HOUR of field APP_TIME(2)
?24+7 field MINUTE of field APP_TIME(Q)
?7+8 field APP_MEMO(1)

°

°

o
?+28 field APP_MEMO(2)

°

o

o
7+48 field APP_MEMO(3)

o

°

°
?+68 : fieid APP_MEMO(4)

o

°

°
?+88 field APP_FLAG
?+89

ZK-1848-84
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3.15.2 Substivrature Deslaratisns

A field within a structure can itself be a structured item composed of atomic fields and/or
other structured items. There are two ways of declaring substructures:

o Nested structure declaration:

A structure declaration contained within either a structure declaration or a union
declaration. For obvious reasons, a structure cannot, at any level of nesting, include
itself as a substructure in structure or union declarations.

One or more field names must be defined in the STRUCTURE statement for the
substructure because all fields in a structure must be named and, in this case, a
structure—the substructure—is being used as a field within a structure or union.

Field names within the same declaration nesting level must be unique, but an inner
structure declaration can include field names used in an outer structure declaration
without conflict.

The pseudo-name %FILL can be specified in place of a field name to create empty
space in a record for purposes such as alignment.

o RECORD statement declaration:

A RECORD statement specifying another, previously defined, record structure to be
included in the structure being declared.

Sce the second example in the preceding section for a sample structure declaration contain-
ing both a nested structure declaration (TIME) and an included structure (DATE).

3199 Union Beslaratisng

A union declaration is a multistatement declaration defining a data area that can be shared
intermittently during program execution by one or more fields or groups of fields.

A union declaration is initiated by a UNION statement and terminated by an END
UNION statement. Enclosed within these statements are two or more map declarations,
initiated and terminated by MAP and END MAP statements, respectively. Each unique
field or group of fields is defined by a separate map declaration.

The form of a union declaration is as follows:

UNION
map-declaration
map-declaration

[map-declaration]

[map-declaration]
END UNION
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where map-declaration is:

MAP
field-declaration
[field-declaration]

[field-declaration]
END MAP

where:

field-declaration

is a structure declaration or RECORD statement contained within a union declara-
tion, a union declaration contained within a union declaration, or the declaration of a
typed data field within a union. See Section 8.15.1 for a more detailed description of
what can be specified in field declarations.

As with normal FORTRAN type declarations, data can be initialized in field declaration
statements in union declarations. Note, however, that if fields within multiple map decla-
rations in a single union are initialized, the data declarations are initialized in the order in
which the statements appear. As a result, only the final initialization takes effect and all of
the preceding initializations are overwritten.

The size of the shared area established for a union declaration is the size of the largest map
defined for that union. The size of a map is the sum of the sizes of the field(s) declared
within it.

As the variables or arrays declared in map fields in a union declaration are assigned values
during program execution, the values are established in a record in the field shared with
other map fields in the union. The fields of only one of the map declarations is defined
within a union at any given point in the execution of a program. Note, however, if you
overlay one variable with another variable that is smaller, that portion of the initial varia-
ble that is not overlaid is retained. Depending on the application, the retained portion of an
overlaid variable may or may not contain meaningful data and be utilized at a later point
in the program.

Manipulating data using union declarations is similar to what happens using
EQUIVALENCE statements. The difference is that data entities specified within EQUIV-
ALENCE statements are concurrently associated with a common storage location and the
data residing there; whereas, union declarations enable you to use one discrete storage
location to alternately contain a variety of fields (arrays or variables). With union declara-
tions, only one map declaration within a union declaration can be associated at any point
in time with the storage location that they share. Whenever a field within another map
declaration—in the same union declaration—is referenced in your program, the fields in
the prior map declaration become undefined and are succeeded by the fields in the map
declaration containing the newly referenced field.
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Examples

In the following example, the structure WORDS_LONG is defined. This structure con-
tains a union declaration defining two map fields. The first map field consists of three
INTEGER#*2 variables (WORD_0, WORD_1, and WORD_2), and the second, an
INTEGER=*4 variable, LONG.

STRUCTURE /WORDS_LONG/

UNION
MAP

END
MAP

END

INTEGER*Z2 WORD.-0, WORD.1, WORD_Z
MAP

INTEGER*4 LONG
MAP

END UNION
END STRUCTURE

The length of any record with the structure WORDS__LONG is six bytes. The following
diagram shows the memory mapping of any record with the structure WORDS_LONG:

?2+0

Variable LONG
?+4

Unused space
?+6

ZK-1846-84
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0.16 VOLATILE Staterment

The VOLATILE statement prevents all optimization operations from being performed on
the variables, arrays, or common blocks that it identifies. As a result, for example, a
variable that is declared but never referenced will still be retained if it has been declared as
volatile.

VOLATILE nlist

nlist

is a list of one or more variable names, common block names, or array names, sepa-
rated by commas.

If array names or common block names are used, the entire array or common block be-
comes volatile.

For example:

PROGRAM TEST

LOGICAL*1 IPIC(4)
INTEGER*4 A+BCsDsE+ILOOK
INTEGER#4 P1,P2,P3,P4
COMMON /BLK1/AB,C
VOLATILE /BLK1/,D:E
EQUIVALENCE(ILOOK »IPI)
EQUIVALENCE (AsP1)
EQUIVALENCE (P14P4)

+

In this example, the named common block, BLK1, and the variables D, and E are volatile.
In addition, variables P1 and P4 become volatile; a direct equivalence (as in the case of P1)
or indirect equivalence (as in the case of P4) causes the equivalenced variables to assume a
volatile attribute.

See the VAX FORTRAN User’s Guide for information about the optimizations performed
by the VAX FORTRAN compiler and the circumstances in which you should use the
VOLATILE declaration.

8-34  Specification Statements



Ghapter 9
- Gontrol Statements

Statements are normally executed in the order in which they are written. However, you can
interfere with normal program flow by transferring control to another section of the pro-
gram unit or to a subprogram. The transfer of control can be conditional or unconditional;
that is, it can occur as a result of specified conditions being met at a certain point in the
program unit or it can occur unconditionally each time a certain point is reached.

You use the FORTRAN control statements to transfer control to a point within the same
program unit or to another program unit. These statements also govern iterative process-
ing, suspension of program execution, and program termination.

The control statements and their effects are as follows:
¢ CALL statement—invoke a subroutine subprogram
¢ CONTINUE statement—transfer control to the next executable statement
e DO and DO WHILE statements—execute a block of statements repetitively
e END statement—mark the end of a program unit
o END DO statement—terminate DO and DO WHILE loops
e GO TO statement—transfer control within a program unit
o IF statement—transfer control or execute a statement (conditional)

e I[F THEN, ELSE IF THEN, ELSE, and END IF statements—execute a block of
statements (conditional)

e PAUSE statement—temporarily suspend program execution
e RETURN statement—return control from a subprogram to the calling program unit
¢ STOP statement—terminate program execution

The following sections describe these statements, in alphabetical order, giving their forms
as well as examples of how they are used.



9.1 GALL Statement

The CALL statement executes a subroutine subprogram or other external procedure. It can
also specify an argument list for the subroutine. (See Chapter 10 for greater detail on the
definition and use of subroutines.)

The CALL statement has the form:
CALL subl([a][,[a]]...)]

where:

sub

is the name of either (1) a subroutine subprogram or other external procedure or (2) a
dummy argument associated with a subroutine subprogram or other external proce-
dure.

is an actual argument. (Section 10.1 describes actual arguments.)

If you specify an argument list, the CALL statement associates the values in the list with
the dummy arguments in the subroutine. It then transfers control to the first executable
statement following the SUBROUTINE or ENTRY statement referenced by the CALL
statement.

The arguments in the CALL statement must agree in number, order, and data type with
the dummy arguments in the subroutine. They can be variables, arrays, array elements,
records, record elements, record arrays, record array elements, substring references, con-
stants, expressions, Hollerith constants, alternate return specifiers, or subprogram names.
An unsubscripted array name or record array name in the argument list refers to the entire
array.

Examples of CALL statements are:

CALL CURVE(BASE»3.14159+X ¥ LIMITsR(LT+2))
CALL PNTOUT(AsN:‘ABCD")
CALL EXIT

RECORD /GETJPI/ GETJPIARG

CALL SYS$GETJPI (44 GETJPIARG s+ »)
CALL MULT(A+B+*10,%20,C)

The last example illustrates the use of statement label identifiers in CALL statement
argument lists. The asterisks in the last CALL statement indicate that *10 and *20 are
statement label identifiers. Label identifiers that are prefixed by asterisks (or ampersands
(&)) are called alternate return specifiers (see Section 10.1.1.5).
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9.2 GONTINUE Statement

The CONTINUE statement transfers control to the next executable statement. It is used
primarily as the terminal statement of a labeled DO loop when that loop would otherwise
end improperly, that is, with either a GO TO, arithmetic IF, or any other prohibited control
statement.

The CONTINUE statement has the form:
CONTINUE

9.3 DO Statement

The two types of DO statements are:
¢ Indexed DO (DO)
o Pretested indefinite DO (DO WHILE)
DO is discussed in Section 9.3.1 and DO WHILE in.Section 9.3.2.

9.3.1 Indexed DO Statement

The indexed DO statement controls iterative processing; that is, the statements in its range
are repeatedly executed a specified number of times.

The DO statement has the form:
DO s[,] v=el,e2[,e3]
where:

S

is the label of an executable statement. The statement must physically follow in the
same program unit. VAX FORTRAN allows the label to be omitted.

is a variable with an integer or real data type.

el,e2,e3
are arithmetic expressions.

The variable v is the control variable; el, €2, and e3 are the initial, terminal, and increment
parameters, respectively. If you omit the increment parameter, a default increment value
of 1 is used.
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The optional label that appears in the DO statement identifies the terminal statement of
the DO loop. If no label appears in the DO statement, the DO loop must be terminated by
the END DO statement as discussed in Section 9.4. The terminal statement must not be
one of the following statements:

¢ Unconditional or assigned GO TO statement
¢ Arithmetic IF statement

* Any block IF statement

¢ END statement

¢ RETURN statement

¢ DO statement

The range of the DO statement includes all the statements that follow the DO statement,
up to and including the terminal statement or END DO.

The DO statement first evaluates the expressions el, e2, and e3 to determine values for the
initial, terminal, and increment parameters, respectively. The increment parameter (e3)
cannot be zero.

The value of the initial parameter is assigned to the control variable. If the data type of the
initial, terminal, and increment parameters are not the same as the data type of the control
variable, they are converted before they are used.

The number of executions of the DO range, called the iteration count, is given by:
[(e2 - el + e3)/e3]

where the notation [X] represents the largest integer whose magnitude does not exceed the
magnitudeé of X and whose sign is the same as the sign of X.

If the iteration count is zero or negative, the body of the loop is not executed.

If the /NOF77 qualifier is specified on the FORTRAN command and the iteration count is
zero or negative, the body of the loop is executed once.

9.3.1.1 DO Iteration Control
After each iteration of the DO range, the following steps are executed:

1. The value of the increment parameter (e3) is algebraically added to the control
variable.

2. The iteration count (el) is decremented.

3. If the iteration count is greater than zero, control transfers to the first executable
statement after the DO statement for another iteration of the range.

4. If the iteration count is zero, execution of the DO statement terminates. The final
value of the control variable is the value determined by step 1.
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Note that if the data type of the control variable is real, the number of iterations of the DO
range, because of rounding errors, might not be what is expected.

You can also terminate execution of a DO statement by using a statement within the range
that transfers control outside the loop. The control variable of the DO statement remains
defined with its current value.

When execution of a DO loop terminates and other DO loops share its terminal statement,
control transfers outward to the next most enclosing DO loop in the DO nesting structure
(see Section 9.3.1.2). If no other DO loop shares the terminal statement or if the DO
statement is outermost, control transfers to the first executable statement after the termi-
nal statement.

You cannot alter the value of the control variable within the range of the DO statement.
However, you can use the control variable for reference as a variable within the range.

You can modify the initial, terminal, and increment parameters within the loop without
affecting the iteration count. ’

The range of a DO statement can contain other DO statements, as long as these nested DO
loops meet certain requirements. Section 9.3.1.2 describes these requirements.

You can transfer control out of a DO loop, but not into a loop from elsewhere in the
program. Exceptions to this rule are described in Sections 9.3.1.3 and 9.3.1.4.

Examples of DO iteration control follow.

1. The following statement specifies 25 iterations; K=49 during the final iteration,
K=51 after the loop.

DO 100 K=1,50,2

2. The following statement specifies 27 iterations; J=—-2 during the final iteration, J=-4
after the loop.
DD 350 J=50,-2,-2

3. The following statement specifies 5 iterations; IVAR=5 during the final iteration,
IVAR=6 after the loop.
DO 25 IVAR=1,5

4. The following statement specifies 9 iterations; NUMBER=37 during the final itera-

tion, NUMBER=41 after the loop. The terminating statement of the DO loop must
be END DO.

DO NUMBER=5,40,4

The following example illustrates how a common typing error can cause errors with DO
loops; a decimal point is typed in place of a comma.

DO 40 M=2,10
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9.3.1.2 Nested DO Loops

A DO loop can contain one or more complete DO loops. The range of an inner nested DO
loop must lie completely within the range of the next outer loop. Nested loops can share a
labeled terminal statement but not an unlabeled END DO statement.

Figure 9-1 illustrates nested loops.

Correctly Nested
DO 45 K=1,10

+
DO 35 L=2:+30+2
3% CONTINUE
DO 45 M=1,20
L]

0

45 CONTINUE

Correctly Nested
DO Loops

DO 10 I=1,20
— DO J=1:5

+

DO K=1,10

L10 CONTINUE

Figure 9-1: Nested DO Loops
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Incorrectly Nested

B DO 15 K=1+10
'
DO 25 L=1+20

L 15 CONTINUE

.

B DO 30 M=1,45

CONTINUE

+

3
o

+

[ 30 CONTINUE

Incorrectly Nested
DO Loops

[~ DO 10 I=145
DO J=1.:10

+

L 10 CONTINUE

+

END DO



9.3.1.3 Contral Transfers in DO Loops

In a nested DO loop, you can transfer control from an inner loop to an outer loop. However,
a transfer into a loop from outside that loop is not permitted.

If two or more nested DO loops share the same terminal statement, you can transfer control
to that statement only from within the range of the innermost loop. Any other transfer to
that statement constitutes a transfer from an outer loop to an inner loop because the shared
statement is part of the range of the innermost loop.

9.3.1.4 Extended Range

A DO loop has an extended range if it contains a control statement that transfers control
out of the loop and if, after execution of one or more statements, another control statement
returns control back into the loop. Thus, the range of the loop is extended to include all
executable statements between the destination statement of the first transfer and the
statement that returns control to the loop. ‘

The following rules govern the use of a DO statement extended range:

1. A transfer into the range of a DO statement is permitted only if the transfer is made
from the extended range of that DO statement.

2. The extended range of a DO statement must not change the control variable of the
DO statement.

Figure 9-2 illustrates valid and invalid extended range control transfers.
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DO 35 K=1.,10
DO 15 L=24+20
GO TO 20

+

CONTINUE

DO 35 M=1:13

+

+

GO TO S0

Valid
Control Transfers
L. 15
20
DO 30
Loor
| L 3s
50
Extended
Rande

GO TO 30

+

Invalid
Control Transfers

20

40

GO TO 20

+

DO S0 K=14+10

CONTINUE

GO TO 40

+

DO 45 M=1:15

CONTINUE

CONTINUE

+

GO 7O 30

Figure 9-2: Control Transfers and Extended Range
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09.3.2 DO WHILE Stateiment

The DO WHILE statement is similar to the DO statement discussed in the preceding
section. The difference between them is as follows:

o The DO WHILE statement executes for as long as a logical expression contained in the
statement continues to be true.

o The DO statement executes for a fixed number of iterations.
The DO WHILE statement has the form:
DO [s[,]] WHILE (e)
where:

S

is the label of an executable statement that must physically follow in the same
program unit.

is a logical expression.

The DO WHILE statement tests the logical expression at the beginning of each execution
of the loop, including the first. If the value of the expression is true, the statements in the
body of the loop are executed; if the expression is false, control transfers to the statement
following the loop.

If no label appears in a DO WHILE statement, the DO WHILE loop must be terminated -
with an END DO statement (see Section 9.4).

The following example demonstrates the use of the DO WHILE statement:
CHARACTER*132 LINE

I =1

LINE(132:) = ‘x’

DO WHILE (LINE(I:I) LEQ, ’ /)
I =1+1

END DO

You can transfer control out of a DO WHILE loop but not into a loop from elsewhere in the
program.

9.4 END Statememnt

The END DO statement terminates the range of a DO or DO WHILE statement. The END
DO statement must be used to terminate a DO block, if the DO or DO WHILE statement
defining the block does not contain a terminal-statement label. The END DO statement
may also be used as a labeled terminal statement if the DO or DO WHILE statement does
contain a terminal-statement label.
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The END DO statement has the form:

END DO

Examples of the use of the END DO statement are:

DO WHILE (I .GT. J) DD 10 WHILE (I ,GT. b
ARRAY(I+J) = 1,0 ARRAY (1,J) = 1.0
I =1-1 I =1-1

END DO 10 END DD

9.5 END Statement

The END statement marks the end of a program unit. It must be the last source line of
every program unit.

The END statement has the form:
END

In a main program, if control reaches the END statement, program execution terminates.
In a subprogram, a RETURN statement is implicitly executed.

If an initial line contains END in the statement field, and nothing else, it is treated as an
END statement even if there are continuation lines that follow.

9.6 GO TO Statements

GO TO statements transfer control within a program unit. Depending on the value of an
expression, control is transferred either to the same statement every time GO TO is exe-
cuted or to one of a set of statements.

The three types of GO TO statement are:
¢ Unconditional GO TO
¢ Computed GO TO
e Assigned GO TO

9.6.1 Unconditional GO TO Statement

The unconditional GO TO statement transfers control to the same statement every time it
is executed.

9-10  Control Statements



The unconditional GO TO statement has the form:
GO TOs
where:

S

is the label of an executable statement that is in the same program unit as the GO TO
statement.

The unconditional GO TO statement transfers control to the statement identified by the
specified label. The label must identify an executable statement that is in the same pro-
gram unit as the GO TO statement.

Examples of unconditional GO TO statements are:

GO TO 7734

GO TO 99999

9.6.2 Gomputed GO TO Statement

The computed GO TO statement transfers control to a statement based on the value of an
expression within the statement,

The computed GO TO statement has the form:
GO TO (slist)[,] e
where:

slist

is a list of one or more labels of executable statements separated by commas. The list
of labels is called the transfer list.

is an arithmetic expression in the range 1 to n (where n is the number of statement
labels in the transfer list).

The computed GO TO statement evaluates the expression e and, if necessary, converts the
resulting value to integer data type. Control is transferred to the statement label in position
e in the transfer list. For example, if the list contains (30,20,30,40), and the value of e is 2,
control is transferred to statement 20.

If the value of e is less than 1 or greater than the number of labels in the transfer list,
control is transferred to the first executable statement after the computed GO TO.

Examples of computed GO TO statements are:
GO TO (12+244+36)» INDEX

GO TO (320,330,340,350:+360) SITU(JK) + 1
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9.6.3 Assigned GO TO Statement

The assigned GO TO statement transfers control to a statement label that is represented
by a variable. An ASSIGN statement must establish the relationship between the variable
and a specific statement label. Thus, the transfer destination can be changed, depending
on the most recently executed ASSIGN statement.

The assigned GO TO statement has the form:
GO TO v[[,)(slist)]

where:

v
is an integer variable.
slist

is a list of one or more labels of executable statements separated by commas; slist
does not affect statement execution and can be omitted.

The assigned GO TO statement transfers control to the statement whose label was most
recently assigned to the variable v. The variable v must be of integer data type and must
have a statement label value assigned to it by an ASSIGN statement (not an arithmetic
assignment statement) before the GO TO statement is executed.

The assigned GO TO statement and its associated ASSIGN statement(s) must exist in the
same program unit. Also, statements to which control is transferred must be in this same
program unit and must be executable statements.

Examples of assigned GO TO statements are:

ASSIGN 200 TO IGO
GO TO IGO

This is equivalent to GO TO 200.

ASSIGN 450 TO IBEG
GO TO IBEG: (300,450,1000,25)

This is equivalent to GO TO 450.

9.7 IF Statements

IF statements conditionally transfer control or conditionally execute a statement or block
of statements. The three types of IF statement are:

e Arithmetic IF
e Logical IF
e Block IF (IF THEN, ELSE IF THEN, ELSE, END IF)
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For each type, the decision to transfer control or to execute the statement or block of
statements is based on the evaluation of an expression within the IF statement.

9.7.1 Arithmetic IF Statement

The arithmetic IF statement conditionally transfers control to one of three statements,
based on the current value of an arithmetic expression.

The arithmetic IF statement has the form:
IF (e) s1,52,s3

where:

e
is an arithmetic expression.

s1,s2,s3
are labels of executable statements in the same program unit.

All three labels (s1,s2,s3) are required; however, they need not refer to three different
statements.

The arithmetic IF statement first evaluates the expression e. It then transfers control to one
of the three statement labels in the transfer list, as follows:

If the value is: Control passes to:
Less than 0 Label sl
Equal to 0 Label s2
Greater than 0 Label s3

Examples of arithmetic IF statements follow.
IF (THETA-CHI) 50,50,100

This statement transfers control to statement 50 if the real variable THETA is less than or
equal to the real variable CHI. Control passes to statement 100 only if THETA is greater
than CHI.

IF (NUMBER/2%2-NUMBER) 20.:40,20

This statement transfers control to statement 40 if the value of the integer variable NUM-
BER is even; it transfers control to statement 20 if the value is odd.

9.7.2 Logical IF Statement

A logical IF statement conditionally executes a single FORTRAN statement, based on the
current value of a logical expression within the logical IF statement.
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The logical IF statement has the form:
IF (e) st

where:

e
is a logical expression.

st

is a complete FORTRAN statement. The statement can be any executable statement
except a DO statement, an END DO statement, an END statement, a block IF
statement, or another logical IF statement.

The logical IF statement first evaluates the logical expression e. If the value of the expres-
sion is true, the statement st is executed. If the value of the expression is false, control
transfers to the next executable statement after the logical IF, and the statement st is not
executed.

Examples of logical IF statements are:
IF (J.GT.4 ,OR, J,LT.1) GO TO 250

IF (REF(JyK) NE. HOLD) REF(J,K) = REF(JsK) % (-1,5D0)

IF (ENDRUN) CALL EXIT

9.7.3 Block IF Statements

Block IF statements conditionally execute blocks, or groups, of statements.
The four block IF statements are:

e IF THEN

¢ ELSE IF THEN

¢ ELSE

e END IF
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These statements are used in block IF constructs. The block IF construct has the form:

IF (e) THEN block

ELSE IF (e1) THEN

block
ELSE
block
END IF
where:
e

is a logical expression.

block

is a sequence of zero or more complete FORTRAN statements. This sequence is called
a statement block.

Figure 9-3 shows the flow of control for four examples of block IF constructs.

Each block IF statement, except the END IF statement, has an associated statement
block. The statement block consists of all the statements following the block IF statement
up to, but not including, the next block IF statement in the block IF construct. The
statement block is conditionally executed based on the value(s) of the logical expression(s)
in the preceding block IF statements.

The IF THEN statement begins a block IF construct. The block following it is executed if
the value of the logical expression in the IF THEN statement is true.

The ELSE IF THEN statement is an optional statement that specifies a statement block to
be executed if no preceding statement block in the block IF construct has been executed,
and if the value of the logical expression in the ELSE IF THEN statement is true. A block
IF construct can contain any number of ELSE IF THEN statements.

The ELSE statement specifies a statement block to be executed if no preceding statement
block in the block IF construct has been executed. The ELSE statement is optional.
However, if the ELSE statement is present, the ELSE statement block must be immedi-
ately followed by the END IF statement.

The END IF statement terminates the block IF construct.
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Figure 9-3: Examples of Block IF Constructs
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After the last statement in a statement block is executed, control passes to the next
executable statement following the END IF statement. Consequently, no more than one
statement block in a block IF construct is executed each time that the IF THEN statement
is executed.

ELSE IF THEN and ELSE statements can have statement labels, but the labels cannot be
referenced. The END IF statement can have a statement label to which control can be
transferred, but only from within the immediately preceding block.

Section 9.7.3.1 describes restrictions on statements in a statement block. Section 9.7.3.2
describes examples of block IF constructs. Section 9.7.3.3 describes nested block IF con-
structs.

9.7.3.1 Statement Blocks

A statement block can contain any executable FORTRAN statement except an END
statement. You can transfer control out of a statement block, but you must not transfer
control into a block. Thus, you must not transfer control from one statement block to
another.

DO loops cannot partially overlap statement blocks. When a statement block contains a
DO statement, it must also contain the DO loop’s terminal statement, and vice versa.

9.7.3.2 Block IF Examples
The following examples illustrate four variations of block IF constructs.

1. The simplest block IF construct consists of the IF THEN and END IF statements;
this construct conditionally executes one statement block. For example:

Form Example
IF (e) THEN IF (ABS(ADJU) GE. 1,0E-B) THEN
block TOTERR = TOTERR + ABS(ADJU)
QUEST = ADJU/FNDVAL
END IF END IF

The statement block consists of all the statements between the IF THEN and the
END IF statements.

The IF THEN statement first evaluates the logical expression e, or ABS(ADJU)
.GE. 1.0E-6. If the value of e is true, the statement block is executed. If the value of e
is false, control transfers to the next executable statement after the END IF state-
ment, and the block is not executed.
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2.

3.

9-18

The following example contains a block IF construct with an ELSE IF THEN state-
ment:

Form Example
IF (el) THEN IF (A +GT. B) THEN
blockl D=8
F=A-B
ELSE IF (e2) THEN ELSE IF (A ,GT, B/2.,) THEN
block2 ' D=B/2.
F=A-B/2.
END IF END IF

Block1 consists of all the statements between the IF THEN and the ELSE IF THEN
statements; block2 consists of all the statements between the ELSE IF THEN and
the END IF statements.

If A is greater than B, blockl is executed. If A is not greater than B but A is greater
than B/2, block2 is executed. If A is not greater than B and A is not greater than B/2,
neither blockl nor block2 is executed; control transfers directly to the next execut-
able statement after the END IF statement.

The following example contains a block IF construct with an ELSE statement:

Form Example
IF (e) THEN IF (NAME LT+ ‘N’) THEN
blockl IFRONT = IFRONT + 1
FRLET(IFRONT) = NAME(1:2)
ELSE ELSE
block2 IBACK = IBACK + 1
END IF END IF

Blockl consists of all the statements between the IFF THEN and ELSE statements;
block2 consists of all the statements between the ELSE and the END IF statements.

If the value of the character variable NAME is less than "N, blockl is executed. If
the value of NAME is greater than or equal to ‘N ’, block2 is executed.
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4. The following example contains a block IF construct with several ELSE IF THEN
statements and an ELSE statement:

Form Example
IF (el) THEN IF (A .GT. B) THEN
blockl D=8
F=A-B
ELSE IF (e2) THEN ELSE IF (A .GT., €) THEN
block2 D=C
F=A-C
ELSE IF (e3) THEN ELSE IF (A ,GT, Z) THEN
block3 D=2
F=A-7
ELSE ELSE
block4 D=0,0
F=A
END IF END IF

There are four statement blocks in this example. Each consists of all the statements
between the block IF statements listed below.

Block Delimiting Block IF Statements

block1 IF THEN and first ELSE IF THEN

block2 First ELSE IF THEN and second ELSE IF THEN
block3 Second ELSE IF THEN and ELSE

block4 ELSE and END IF

If A is greater than B, blockl is executed. If A is not greater than B but is greater
than C, block?2 is executed. If A is not greater than B or C but is greater than Z,
block3 is executed. If A is not greater than B, C, or Z, block4 is executed.

9.7.3.3 Nested Block IF Gonstructs

A block IF construct can be included in a statement block of another block IF construct.
But the nested block IF construct must be completely contained within a statement block;
it must not overlap statement blocks.
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The following example contains a nested block IF construct:

Form Example
IF (el) THEN IF (A LT, 100) THEN
INRAN = INRAN + 1
IF (e2) THEN IF (ABS(A-AUG) ,LE. 5.) THEN
blockla INAVG = INAVG + 1
ELSE ELSE
blocklb ODUTAVG = OUTAYVG + 1
END IF END IF
ELSE ELSE
block2 4 ' DUTRAN = OUTRAN + 1
END IF ‘ END IF

If A is less than 100, the code immediately after the IF is executed. This code contains a
nested block IF construct. If the absolute value of A minus AVG is less than or equal to 5,
blockla is executed. If the absolute value of A minus AVG is greater than 5, blocklb is
executed.

If A is greater than or equal to 100, block2 is executed, and the nested IF construct (blockl)
is not executed.

9.8 PAUSE Statement
The PAUSE statement displays a message on the terminal and temporarily suspends
program execution in order to permit you to take some action.
The PAUSE statement has the form:
PAUSE [disp]
where:
disp
is a character constant or a string of decimal numbers (one to five digits).

The disp argument is optional. The effect of a PAUSE statement depends on how your
program is being executed. If your program is running as a batch job or detached process,
the contents of disp are written to the system output file, but the program is not suspended.
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If the program is running in interactive mode, the contents of disp are displayed at your
terminal, followed by the prompt sequence, indicating that the program is suspended and
that you should enter a command. For example, if the following statement is executed in
interactive mode:

PAUSE ‘ERRONEDOUS RESULT DETECTED’

you will see the following display at the terminal:

ERRONEOUS RESULT DETECTED
$

If you do not specify a value for disp, the following message is displayed by the system:
FORTRAN PAUSE

You can respond by typing one of the following commands:

CONTINUE — Execution resumes at the next executable statement.

EXIT — Execution is terminated.

DEBUG — Execution resumes under control of the VAX Symbolic De-
bugger.

9.9 RETURN Statement

The RETURN statement transfers control from a subprogram to the program that called
the subprogram. You can use RETURN statements only in subprogram units.

The RETURN statement has the form:
RETURN [i]

The optional argument, i, indicates an alternate return from the subprogram and can be
specified only in subroutine subprograms; it cannot be specified in function subprograms.
When specified, the value of i indicates that the ith alternate return in the actual argument
list is to be taken (see the second example that follows in this section).

The value of i can be any integer constant or expression, for example, 2 or I+J. The system
converts the type of the value to integer, if necessary.

When a RETURN statement is executed in a function subprogram, control is returned to
the calling program at the statement that contains the function reference (see Chapter 10).
When a RETURN statement is executed in a subroutine, control is returned either to the
first executable statement following the CALL statement that initiated the subroutine, or
to the statement label that was specified as the ith alternate return in the CALL argument
list.

Examples of RETURN statements follow.
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1. In the following example, control is returned to the calling program at the first
executable statement following the CALL CONVRT statement.
SUBROUTINE CONYRT(N +ALPHDATA sPRNT sK)

INTEGER ALPH(*): DATA(*) s PRNT(*)
IF (N +GE., 10) THEN

DATA(K+2) = N-(N/10)*N
N = N/10
DATA(K+1) N

PRNT(K+2)
PRNT (K+1)
ELSE
PRNT (K+2)
END IF
RETURN
END

ALPH(DATA(K+Z2)+1)
ALPH(DATA(K+1)+1)

ALPH(N+1)

2. The following example shows how alternate returns can be included in a subroutine.
SUBROUTINE CHECK (3 Y 1% +%,C)

.
4

+

50 IF (Z) B0,»70,80
60 RETURN
70 RETURN 1
80 RETURN 2
END

If the value computed for Z is less than zero, a normal return is taken, and the calling
program continues at the first executable statement following CALL CHECK. If Z equals
zero, however, the first alternate return (RETURN 1) is taken; and if Z is greater than zero,
the second alternate return (RETURN 2} is taken. Control is returned to the statement
specified as the first or second alternate return argument in the CALL statement argument
list. For example, if the CALL statement has the form:

CALL CHECK(AB,»*¥10,%¥20,C)

RETURN 1 transfers control to statement label 10, and RETURN 2 transfers control to
statement label 20.

Note that if a subroutine includes an alternate return that specifies a value either less than
1 or greater than the number of alternate return arguments, control is returned to the next
executable statement after the CALL statement. That is, the alternate returns are ignored.
Therefore, you should ensure that the value of i is within the range of alternate return
arguments.
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9.10 STOP Statement

The STOP statement terminates program execution.
The STOP statement has the form:
STOP [disp]
where:
disp
is a character constant or a string of decimal numbers (one to five digits).

The disp argument is optional. If you specify it, the STOP statement displays the contents
of disp at your terminal, terminates program execution, and returns control to the opera-
ting system. If you do not specify a value for disp, the following message is sent by the
system:

FORTRAN STOP

Examples of STOP statements are:
sToP 98

STOP ‘END OF RUN’
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Chapter 10
Subroutines and Functions - Subprograms

Subprograms are program units that can be invoked from another program unit, usually to
perform some commonly used computation on behalf of the other program unit. Subpro-
grams are either supplied by the user or supplied as part of the VAX FORTRAN system.

User-supplied subprograms include the following:

* Statement functions—a computing procedure defined by a single statement that is
similar in form to an assignment statement. A statement function is invoked by a
function reference in a main program unit or a subprogram unit.

¢ Function subprograms—a program unit, also called a function, that contains a set of
commonly used computations. A function subprogram’s first statement is a
FUNCTION statement, optionally preceded by an OPTIONS statement. A function
subprogram is invoked by a function reference in a main program unit or a subprogram
unit.

e Subroutine subprograms—a program unit, also called a subroutine, that contains a set
of commonly used computations. A subroutine subprogram’s first statement is a
SUBROUTINE statement, optionally preceded by an OPTIONS statement. A subrou-
tine subprogram receives control when it is invoked with a CALL statement and
returns control with a RETURN statement.

Subprograms supplied with the FORTRAN system include the following:
¢ Intrinsic mathematical functions
¢ Intrinsic character functions
e Miscellaneous intrinsic functions

Normally, the program invoking the subprogram passes values, known as actual argu-
ments, to the subprogram, which uses the actual arguments to compute the results and
then returns the results to the calling program.
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10.1 Subprogram Arguments

Subprogram arguments are either dummy arguments or actual arguments:
e Dummy arguments are specified when you write the subprogram.
e Actual arguments are specified when you invoke the subprogram.

When control is transferred to a subprogram, each dummy argument takes on the value of
the corresponding actual argument. When control is returned to the calling program unit,
the last value assigned to a dummy argument is assigned to the corresponding actual
argument.

10.1.1 Actual Argument and Dummy Argument Association

Actual arguments must agree in order, number, and data type (or structure, for record
arguments) with their corresponding dummy arguments. Actual arguments can be scalar
references, array name references, aggregate references, alternate return specifiers, or sub-
program names. The dummy arguments specified in subprogram definitions, representing
corresponding actual arguments, appear as unsubscripted names.

Although dummy arguments are not actual variables, arrays, records, or subprograms,
each dummy argument can be declared as though it were a variable, array, record, or
subprogram.

¢ A dummy argument declared as an array can be associated only with an actual argu-
ment that is an array or array element of the same data type. The actual argument
must not be placed in parentheses. If a dummy argument is an array, it must be no
larger than the array that is the actual argument. You can use adjustable arrays (see
Section 10.1.1.1) to process arrays of different sizes in a single subprogram.

¢ A dummy argument declared as a record can be associated only with an actual argu-
ment that is an aggregate reference for an entity with a matching structure.

o A dummy argument referenced as a subprogram must be associated with an actual
argument that has been declared EXTERNAL or INTRINSIC in the calling routine.

The length of a dummy argument with a data type of character must not be greater than
the length of its associated actual argument. Note that if the character dummy argument’s
length is specified as *(*), the length used is exactly the length of the associated actual
argument. (This is known as a passed-length character argument. See Section 10.1.1.3.)

The following topics are discussed in Sections 10.1.1.1 through 10.1.1.5.
e Adjustable array arguments
® Assumed-size array arguments
e Passed-length character arguments
e Character and Hollerith constants as actual arguments

* Alternate return arguments
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10.1.1.1 Adjustable Arrays

Adjustable arrays are dummy arguments in subprograms. The dimensions of an adjustable
array are determined in the reference to the subprogram. The array declarator (see Section
6.2.3.1) for an adjustable array can contain integer variables that are either dummy argu-
ments or variables in a common block.

When the subprogram is entered, each dummy argument used in the array declarator must
be associated with an actual argument, and each variable in a common block used in an
array declarator must have a defined value. The dimension declarator is evaluated using
the values of the actual arguments, variables in common blocks, and constants specified in
the array declarator.

The size of the adjustable array must be less than or equal to the size of the array that is its
corresponding actual argument.

The function in the following example computes the sum of the elements of a two-dimen-
sional array. Note the use of the dummy arguments M and N to control the iteration.

FUNCTION SUM(AMN)
DIMENSION A(M:N)
SUM = 0.0
DO 10 J=1.N
DO 10 I=1:M

10 SUM = SUM + A(IJ)
RETURN
END

The following statements are sample calls on SUM:

DIMENSION A1(10,35), AZ(3,5B6)
SUM1 = SUM(A1,10,35)
SUMZ2 = SUM(AZ:3:36)
SUM3 = SUM(A1:10,10)

The upper- and lower-dimension bound values are determined once each time a subpro-
gram is entered. These values do not change during the execution of that subprogram even
if the values of variables contained in the array declaration are changed. For example:

DIMENSION ARRAY(9,5)
L =89

M =5

CALL SUB(ARRAY L M)
END '

SUBROUTINE SUB(X,I+d)
DIMENSION X(-I/2:1/2,4)
K(I/2,d) = 999

Jo= ot
1=z
END

In this example, the adjustable array X is declared as X(-4:4,5) on entry to subroutine
SUB. The assignments to I and J do not affect that declaration.
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Once a variable is used in an array declarator for an adjustable array, it must not appear in
a type declaration that changes the variable’s data type. Thus, the following program
segment is invalid:

SUBROUTINE SUB1(A X

DIMENSION A(X)
INTEGER X

An adjustable array is undefined if a dummy argument array is not currently associated
with an actual argument array. It is also undefined if any of the variables in the adjustable
array declarator are either not currently associated with an actual argument or not in a
common block. Note that argument association is not retained between one reference to a
subprogram and the next reference to that subprogram.

This is illustrated by the following example of a subroutine subprogram and the sample
statements of a calling program unit:

1. Subroutine subprogram:

SUBROUTINE S(A,I:X)
DIMENSION ACIL)
ACL) = X

RETURN

ENTRY S1(I+AKL)
ACI) = ACI) + 1,0
RETURN

END

2. Statements in the program unit that calls the subroutine subprogram:
DIMENSION B(10)

CALL S(B»2:+3.0)

+

CALL S1(5:B:3:2)

In the preceding example, the calling program unit defines B as a real array with 10
elements. The first call to subroutine S sets array element B(2) equal to the value 3.0. The
second call to subroutine S (at entry point S1) increments array element B(5) by the value
1.0. RECORD statements not contained within structure declaration blocks can also de-
clare adjustable arrays.

10.1.1.2 Assumed-Size Arrays

An assumed-size array is a dummy array for which the upper bound of the last dimension is
specified as an asterisk (*). For example:

SUBROUTINE SUB(AIN)

DIMENSION A(1:N,l:%)

+

+
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The size of an assumed-size array and the number of elements that can be referenced are
determined as follows:

e If the actual argument corresponding to the dummy array is a name of a noncharacter
array, the size of the dummy array is the size of the actual-argument array.

o If the actual argument corresponding to the dummy argument is a name of a non-
character array element, with a subscript value of s in an array of size a, the size of the
dummy array is a+1-s.

o If the actual argument is a name of a character array, character array element, or
character array element substring and begins at character storage unit b of an array
with n character storage units, the size of the dummy array is INT'(n+1-b)/y, where y
is the length of an element of the dummy array.

Because the actual size of an assumed-size array is not known, an assumed-size array name
cannot be used as any of the following:

e An array name in the list of an I/O statement
e A unit identifier for an internal file in an I/O statement

¢ A run-time format specifier in an I/O statement

RECORD statements not contained within structure declaration blocks can also declare
adjustable arrays.

10.1.1.3 Passed-Length Character Arguments

A passed-length character argument is a dummy argument that assumes the length attrib-
ute of the corresponding actual argument. An asterisk is used to specify the length of the
dummy character argument.

When control transfers to the subprogram, each dummy argument assumes the length of its
corresponding actual argument.

A character array dummy argument can also have a passed length. The length of each
element in the dummy argument is the length of the elements in the actual argument. The
passed length and the array declarator together determine the size of the passed-length
character array. A passed-length character array can also be an adjustable or assumed-size
array.

The following example of a function subprogram uses a passed-length character argument.
The function finds the position of the character with the highest ASCII code value; it uses
the length of the passed-length character argument to control the iteration. (Note that the
processor-defined function LEN is used to determine the length of the argument. See
Section 10.3.4.1 for a description of the LEN function.)

INTEGER FUNCTION ICMAX(CVAR)
CHARACTER* (%) CVAR
ICMAX = 1
DO 10 I=2.:.LEN(CVAR)
10 IF (CVAR(I:I) .GT. CUARCICMAX:ICMAX)) ICMAX=I
RETURN
END
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The length of the dummy argument is determined each time control transfers to the
function. The length of the actual argument can be the length of a character variable, array
element, substring, or expression. Each of the following function references specifies a
different length for the dummy argument:

CHARACTER VAR¥10, CARRAY(3:5)%20

i}

I1 ICMAX(VAR)

I2 = ICMAX(CARRAY(Z2,2))
I3 = ICMAX(UAR(3:8))
I4 = ICMAX(CARRAY(1:3)(3:15))

I35 ICMAX(VAR(3:4)//CARRAY(3,5))

10.1.1.4 Character and Hollerith Gonstants as Actual Arguments

Actual arguments and their corresponding dummy arguments must agree in data type. If
the actual argument is a Hollerith constant (for example, 4HABCD), the dummy argument
must be of numeric data type. In VAX FORTRAN, if an actual argument is a character
constant (for example, "ABCD ), the corresponding dummy argument can have either a
numeric or a character data type. If the dummy argument has a numeric data type, the
character constant "ABCD’ is, in effect, converted to a Hollerith constant by the
FORTRAN compiler and the linker.

An exception to this occurs when the function or subroutine name is itself a dummy
argument. It is not possible to determine at compile time or link time whether a character
constant or Hollerith constant is required. In this case, a character constant actual argu-
ment can correspond only to a character dummy argument. For example:

SUBROUTINE S(CHARSUBHOLLSUB A +B)

EXTERNAL CHARSUB sHOLLSUB

+

+

CALL CHARSUB(A,»’'STRING)
CALL HOLLSUB(BJBHSTRING)

In this example, the subroutine names CHARSUB and HOLLSUB are themselves dummy
arguments of the subroutine S. Therefore, the actual argument ‘STRING ’ in the call to
CHARSUB must correspond to a character dummy argument, whereas the actual argu-
ment 6HSTRING in the call to HOLLSUB must correspond to a Hollerith dummy argu-
ment.

10.1.1.5 Alternate Return Arguments

To specify an alternate return argument in a dummy argument list, place asterisks in the
list. For example:

SUBROUTINE MINNCA B % ,%,C)
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The actual argument list passed in the CALL must include alternate return arguments in
the corresponding positions. These arguments have the form:

*label
or

&label

You can use either an asterisk or an ampersand to indicate an alternate return argument in
an actual argument list. The value you specify for label must be the label of an executable
statement in the program that issued the CALL.

10.1.2 Built-In Functions

Built-in functions perform utility operations that are useful in communicating with subpro-
grams written in languages other than FORTRAN. The two kinds of built-in functions are:

o Argument list built-in functions

o %LOC built-in function

10.1.2.1 Argument List Built-In Functions

To call subprograms (such as VAX/VMS system services) written in languages other than
FORTRAN, you may need to pass the actual arguments in a form different from that used
by FORTRAN. To change the form of the argument, you can use the built-in functions
%VAL, %REF, and %4DESCR in the argument list of a CALL statement or function
reference. These built-in functions specify the way the argument should be passed to the
subprogram. You can use them only in the actual argument list of a CALL statement or
function reference. You cannot use them in any other context.

The argument list built-in functions are:
Function Effect

%VAL(a) Pass the argument as a 32-bit immediate value (if the actual argument is
shorter than 32 bits, it is sign-extended to a 32-bit value)

%REF(a) Pass the argument by reference
%DESCR(a) Pass the argument by descriptor

In these functions, a is an actual argument.

See the VAX FORTRAN User’s Guide for more information on argument-passing mecha-
nisms.

Table 10-1 lists the FORTRAN argument-passing defaults and the allowed uses of %VAL,
%REF, and %DESCR.
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Table 10-1: Argument List Built-In Functions and Defaults

Functions Allowed
Actual Argument

Data Type Default %VAL %REF DESCR

Expressions

Logical REF Yes! Yes Yes
Integer REF Yes! Yes Yes
REAL+4 REF Yes Yes Yes
REAL+8 REF No Yes Yes
REAL=*16 REF No Yes Yes
Complex REF No Yes Yes
Character DESCR No Yes Yes
Holerith REF No No No
Aggregate REF No Yes No
Array Name

Numeric REF No Yes Yes
Character : DESCR No Yes Yes
Aggregate REF No Yes No
Procedure Name

Numeric REF No Yes Yes
Character DESCR No Yes Yes

L1t a logical or integer value occupies less than 32 bits of storage, it is converted to a 32-bit value by
sign extension. Use the ZEXT function if zero extension is desired.

10.1.2.2 %L0G Built-In Function

The %LOC built-in function computes the internal address of a storage element. It has the
form:

%LOC(arg)

where:

arg
is a scalar memory reference, array name reference, aggregate reference, or external
procedure name. '

The %LOC built-in function produces an INTEGER+4 value that represents the location of
its argument. The INTEGER+4 value can be used as an element in an arithmetic expres-
sion.
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See the VAX FORTRAN User’s Guide for more information on the %LOC built-in fune-
tion.

10.2 User-Written Subprograms

A user-written subprogram is a FORTRAN statement or group of FORTRAN statements
that performs a computing procedure. The computing procedure can be either a series of
arithmetic operations or a series of FORTRAN statements. You can use a single subpro-
gram to perform a computing procedure in several places in your program, and thus avoid
duplicating the series of operations or statements in each place.

There are three types of subprograms. Table 10-2 lists each type of subprogram, the
statements needed to define the subprogram, and the method of transferring control to it.

Table 10-2: Types of User-Written Subprogram

Control Transfer

Subprogram Type Defining Statements Method
Statement function Statement function definition Function reference
Function FUNCTION Function reference
ENTRY
Subroutine SUBROUTINE CALL statement
: ENTRY

A function reference is used in an expression and consists of the function name and the
function arguments. A function reference returns a value that is used in evaluating the
expression in which the function appears.

Function and subroutine subprograms can change the values of their arguments, and the
calling program can use the changed values.

A subprogram can refer to other subprograms; but it cannot, either directly or indirectly,
refer to itself.

10.2.1 Statement Functions

A statement function is a computing procedure defined in the same program unit in which
it is referenced. It is defined by a single statement that is similar in form to an assignment
statement. The computation is performed each time you refer to the statement function.
The resulting value is then made available to the expression that contains the statement
function reference.
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The statement function definition statement has the form:

fun([p[.p]...]) = e

where:

fun
is the symbolic name of the statement function.

is a dummy argument.

is an expression.

The expression (e) is an arithmetic, logical, or character expression that defines the compu-
tation to be performed.

A statement function reference has the form:

f((p[,p]...])

where:

f
is the symbolic name of the function.

is an actual argument.
Rules governing the use of statement function definitions and references are as follows:

¢ When a statement function reference appears in an expression, the values of the actual
arguments are associated with the dummy arguments in the statement function defi-
nition. The expression in the definition is then evaluated. The resulting value is used
to complete the evaluation of the expression containing the function reference.

e The data type of a statement function is determined either implicitly by the initial
letter of the function name, or explicitly in a type declaration statement. The data
type can be any of the data types, including the character data type.

¢ Dummy arguments in a statement function indicate only the number, order, and data
type of the actual arguments., You can use the names of the dummy arguments to
represent other entities elsewhere in the program unit. Note that, except for data type,
declarative information associated with an entity is not associated with the dummy
arguments in the statement function. That is, declaring an entity to be an array or to
be in a common block does not affect a dummy argument with the same name.

¢ Actual arguments must agree in number, order, and data type with their correspond-
ing dummy arguments.
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* You cannot use the name of the statement function to represent any other entity
within the same program unit.

e The expression in a statement function definition can contain function references. If a
reference to another statement function appears in the expression, you must have
previously defined that function in the same program unit.

* Any reference to a statement function must appear in the same program unit as the
definition of that function.

e A statement function reference must appear as, or be part of, an expression. You
cannot use the reference as the left side of an assighment statement.

Examples
e Examples of statement function definitions:

VOLUME(RADIUS) = 4.,1B9%RADIUS**3
SINH(X) = (EXPOX)-EXP(-X))*0,5
CHARACTER*10 CSF,A»B

CSF(A:B)Y = A(B:10)//B(1:5)

The following definition is invalid. A constant cannot be used as a dummy argument.
AVUG(ABC:34) = (A+B+C) /3.

e Examples of statement function references:
Given the definition:
AVG(A:BC) = (A+B+CH /3,
The references are:

4
4

GRADE = AVUG(TEST1,TEST2)XLAB)
IF (AYG(P:D,Q) +LT. AVG(X:¥Z)) GO TO 300

The following reference is invalid. The data type of the third argument does not agree
with the dummy argument.

FINAL = AVUG(TEST3.TEST4,:LABZ)

10.2.2 Function Subprograms

A function subprogram is a program unit consisting of a FUNCTION statement followed
by a series of statements that define a computing procedure. You use a function reference
to transfer control to a function subprogram, and a RETURN or END statement to return
control to the calling program unit.
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A function subprogram returns a single value to the calling program unit by assigning that
value to the function’s name. The function’s name determines the data type of the value
returned. '

10.2.2.1 Logical and Numeric Functions
The FUNCTION statement has the form:

[typ] FUNCTION nam{+m}[([p[.p]...])]

where:

typ
is one of the logical or numeric data type specifiers. See Section 8.4.1 for a list of these
specifiers.

nam
is the symbolic name of the function.

is an unsigned, nonzero integer constant specifying the length of the data type; it
must be one of the valid length specifiers for the data type given by typ.

is a dummy argument.

10.2.2.2 Character Functions
The CHARACTER FUNCTION statement has the form:

CHARACTER][*n] FUNCTION nam[+n] (([p[,p]...])]

where:

n

is an unsigned, nonzero integer constant, or parenthetical asterisk (*) indicating a
passed-length function name. If you specify CHARACTER#(#*), the function assumes
the length declared for it in the program unit that invokes it. A passed-length charac-
ter function can have different lengths when it is invoked by different program units.
If n is an integer constant, the value of n must agree with the length of the function
specified in the program unit that invokes the function. If you do not specify n, a
length of one is assumed. If the length has already been specified following the key-
word CHARACTER, the optional length specification following nam is not permitted.

nam

is the symbolic name of the function.

is a dummy argument.
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10.2.2.3 Function Reference
A function reference that transfers control to a function subprogram has the form:

nam([p[,p]...])

where:

nam
is the symbolic name of the function.

is an actual argument.

When control transfers to a function subprogram, the values of the actual arguments (if
any) in the function reference are associated with the dummy arguments (if any) in the
FUNCTION statement. The statements in the subprogram are then executed and the
resulting value is assigned to the name of the function. Finally, the function returns control
to the calling program unit. The value assigned to the function’s name is now available to
the expression containing the function reference and is used to complete the evaluation of
that expression.

The data type of a function name can be specified explicitly in the FUNCTION statement
or in a type declaration statement, or it can be specified implicitly. The function name
defined in the function subprogram must have the same data type as the function name in
the calling program unit.

The FUNCTION statement must be the first statement of a function subprogram, unless
an OPTIONS statement is used. A function subprogram cannot contain a SUBROUTINE
statement, a BLOCK DATA statement, a PROGRAM statement, or another FUNCTION
statement. ENTRY statements can be included to provide multiple entry points to the
subprogram (see Section 10.2.4).

Examples of function subprograms follow.
1. In the following example

FUNCTION ROOT(A)
X = 1.0
2 K o= EXP(X)
EMINX = 1./EX
ROOT = ((EX+EMINX)*,5+COS(X)-A)/ ((EX-EMINX)*,3-8IN(X))
IF (ABS(X-ROOT) .LT. 1E-B) RETURN

X = ROOT
GO TO 2
END

the function uses the Newton-Raphson iteration method to obtain the root of the
function:

F(X) = cosh(X) + cos(X) - A=10
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The value of A is passed as an argument. The iteration formula for this root is:

( cosh(X;)+cos(X;)-A )
Xip1 =X -
sinh(X;)-sin(X;)

This is calculated repeatedly until the difference between Xi and Xi+1 is less than
1.0E-6. The function uses the FORTRAN intrinsic functions EXP, SIN, COS, and
ABS (see Section 10.3).

2. The following example is a passed-length character function. It returns the value of
its argument, repeated to fill the length of the function.

CHARACTER* (%) FUNCTION REPEAT(CARG)

CHARACTER*1 CARG

DD 10 I=1,LEN(REPEAT)
10 REPEAT(I:I) = CARG

RETURN

END

3. Within any given program unit all references to a passed-length character function

must have the same length. In the following example, the REPEAT function has a
length of 1000:

CHARACTER*1000 REPEAT,» MANYAS: MANYZS
MANYAS = REPEAT('A’)
MANYZS = REPEAT('Z’)

However, another program unit within the executable program can specify a different
length. In the following example, the REPEAT function has a length of 2:

CHARACTER HOLD*B: REPEAT*Z
HOLD = REPEAT(’A’)//REPEAT('B’)//REPEAT(’'C’)

10.2.3 Subroutine Subprograms — SUBRCUTINE Statement

A subroutine subprogram is a program unit consisting of a SUBROUTINE statement
followed by a series of statements that define a computing procedure. You use a CALL
statement to transfer control to a subroutine subprogram, and a RETURN or END state-
.ment to return control to the calling program unit.

The SUBROUTINE statement has the form:
SUBROUTINE sub [([p[,p]-..])]

where:

sub
is the symbolic name of the subroutine.

is a dummy argument. You can specify a dummy argument as an alternate return
argument by placing an asterisk in the argument list.

Section 9.1 describes the CALL statement.
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When control transfers to the subroutine, the values of the actual arguments (if any) in the
CALL statement are associated with the corresponding dummy arguments (if any) in the
SUBROUTINE statement. The statements in the subprogram are then executed.

The SUBROUTINE statement must be the first statement of a subroutine, unless an
OPTIONS statement is used.

A subroutine subprogram cannot contain a FUNCTION statement, a BLOCK DATA
statement, a PROGRAM statement, or another SUBROUTINE statement. ENTRY state-
ments are allowed to specify multiple entry points in the subroutine (see Section 10.2.4).

Examples

The following example contains a subroutine that computes the volume of a regular
polyhedron, given the number of faces and the length of one edge. It uses the computed GO
TO statement to determine whether the polyhedron is a tetrahedron, cube, octahedron,
dodecahedron, or icosahedron. The GO TO statement also transfers control to the proper
procedure for calculating the volume. If the number of faces is not 4, 6, 8, 12, or 20, the
subroutine sends an error message to the user’s terminal.

Main Program

COMMON NFACES » EDGE » VOLUME
ACCEPT *, NFACES » EDGE

CALL PLYVOL

TYPE % 'VOLUME="', YOLUME

STOP

END

Subroutine
SUBROUTINE PLYVOL
COMMON NFACES» EDGE » YOLUME
CUBED = EDGE**3
GO 70 (6+6+6:+1+6:2:6:,3:6+6+6+416+6:6:6+6+6+6+5) + NFACES
GO TDO G

1 VOLUME = CUBED * 0,11785
RETURN

2 VOLUME = CUBED
RETURN

3 VOLUME = CUBED * 0,47140
RETURN

4 VOLUME = CUBED * 7.6B312
RETURN

B VOLUME = CUBED * 2,1B170
RETURN

6 TYPE 100 NFACES

100 FORMAT (’ NO REGULAR POLYHEDRON HAS ‘,I3,'FACES.'/)
YOLUME = 0,0
RETURN
END

Subroutines and Functions — Subprograms  10-15



The following example illustrates the use of alternate return specifiers to determine where
control is to be transferred on completion of the subroutine. The SUBROUTINE statement
argument list contains two dummy alternate return arguments corresponding to the actual
arguments *10 and *20 in the CALL statement argument list. The decision about which
RETURN statement to execute depends on the value of Z, as computed in the subroutine.
Thus, if Z is less than zero, the normal return is taken; if Z is equal to zero, the return is to
statement label 10 in the main program; if Z is greater than zero, the return is to statement
label 20 in the main program.

Main Program

CALL CHECK(A+B +*10 +%20,C)

TYPE *, ‘VUALUE LESS THAN ZERO '
GO 7O 30

10 TYPE %, ‘UALUE EQUALS ZERO’
GO TO 30

20 TYPE *,» ‘VALUE MORE THAN ZERO’
30 CONTINUE

+

Subroutine

SUBROUTINE CHECK (XY 4% % :0Q)
SO IF (Z2) BO 70,80

GO RETURN

70 RETURN 1

" 80 RETURN 2

END

+

10.2.4 ENTRY Statement

The ENTRY statement provides multiple entry points within a subprogram. It is not
executable and can appear within a function or subroutine program after the FUNCTION
or SUBROUTINE statement. Execution of a subprogram referred to by an entry name
begins with the first executable statement after the ENTRY statement.

The ENTRY statement has the form:
ENTRY nam[([p[,p]...})]
where: '

nam
is the symbolic name of an entry point.

is a dummy argument.,
Considerations/Restrictions

o Use the CALL statement to refer to entry names within subroutine subprograms. Use
function references to refer to entry names within function subprograms.

* An entry name within a function subprogram can appear in a type declaration state-
ment.
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* You can specify an entry name in an EXTERNAL statement and use it as an actual
argument; you cannot use it as a dummy argument.

* You cannot use entry names in executable statements that physically précede the
appearance of the entry name in an ENTRY statement.

® You can include alternate return arguments in ENTRY statements by placing aster-
isks in the dummy argument list. ENTRY statements that specify alternate return
arguments can be used only in subroutine subprograms.

® You can use dummy arguments in ENTRY statements that differ in order, number,
type, and name from the dummy arguments you use in the FUNCTION, SUBROU-
TINE, and other ENTRY statements in the same subprogram. However, each refer-
ence to a function, subroutine, or entry must use an actual argument list that agrees in
order, number, and type with the dummy argument list in the corresponding FUNC-
TION, SUBROUTINE, or ENTRY statement.

¢ A dummy argument can be referred to only in executable statements that follow the
first SUBROUTINE, FUNCTION, or ENTRY statement in which the dummy argu-
ment is specified. A dummy argument is undefined if it is not currently associated
with an actual argument. An argument association is not retained from one reference
of a subprogram to the next.

® You cannot use an ENTRY statement within a block IF construct or a DO loop.

10.2.4.1 ENTRY in Function Subprograms

All entry names within a function subprogram are associated with the name of the function
subprogram. Therefore, defining any entry name or the name of the function subprogram
defines all the associated names of the same data type; all associated names that are of
different data types become undefined. The function and entry names do not need to be of
the same data type, but they all must be consistent within one of the following groups of
data types:

Group 1: BYTE, INTEGER+2, INTEGER#4, LOGICAL+2, LOGICAL#4, REAL+*4,
REAL«8, COMPLEX+*8

Group 2: COMPLEX=*16, REAL+*16
Group 3: CHARACTER

When either a RETURN statement or the implied return at the end of a subprogram is
executed, the symbolic name used to refer to the function subprogram must be defined.

If the function is of character data type, all entry names must also be of character data type
and must have the same length specification as that of the function. Note that the length
specified must also agree with the length specified in the program unit referring to the
entry name. If an asterisk enclosed in parentheses is used to specify the length of the entry
name, the entry name has a passed length (see Section 10.1.1.3).
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Figure 10-1 illustrates a function subprogram that computes the hyperbolic functions sinh,
cosh, and tanh.

REAL FUNCTION TANH(X

C Statement function to compPpute twice sinh
TSINH(Y) = EXP(Y) - EXP(-Y)

c Statement furnction to compute twice cosh
TCOSH(Y) = EXP(Y) + EXP(-Y)

C Compute tanh

TANH = TSINH(X)/TCOSH(X
RETURN

c Compute sinh

ENTRY SINH(X
SINH = TSINH(X)/2.0
RETURN

[ Compute cosh

ENTRY COSH(X

COSH = TCOSH(X) /2.0
RETURN

END

Figure 10-1: Multiple Functions in a Function Subprogram ,

10.2.4.2 ENTRY in Subroutine Subprograms

To refer to an entry point name in a subroutine, issue a CALL statement that includes the
entry point name defined in the ENTRY statement. For example:

Main Program

CALL SUBA(ABC)

Subroutine

SUBROUTINE SUB (XY +2)

+

ENTRY SUBA(Q R +8)
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In this example, the CALL is to an entry point (SUBA) within the subroutine (SUB).
Execution begins with the first statement following ENTRY SUBA (Q,R,S), using the
actual arguments (A,B,C) passed in the CALL statement. Note that alternate returns can
be specified in ENTRY statements. For example:

SUBROUTINE SUB (K % s%)

ENTRY SUBC(JsK 2% 4% %)
RETURN 1

RETURN 2

END

If you issue a CALL to entry point SUBC, you must include actual alternate return
arguments. For example:
CALL SUBC (M N s*100 %200 ,P)

In this case, RETURN 1 transfers control to statement label 100 and RETURN 2 transfers
control to statement label 200 in the calling program.

10.3 FORTRAN Intrinsic Functions

Intrinsic functions, supplied in the VAX/VMS FORTRAN library, perform commonly used
mathematical computations.

Function references to FORTRAN intrinsic functions are written in the same way that
function references to user-defined functions are written. For example:
R = 3.,14159 % ABS(X-1)

As a result of this reference, the absolute value of X-1 is calculated and multiplied by the
constant 3.14159; the result is assigned to the variable R.

Appendix D lists the intrinsic functions, their data types, and the data types of their actual
arguments. For descriptions of the intrinsic function algorithms, refer to the VAX/VMS
Run-Time Library Reference Manual.

The two methods of referencing intrinsic functions are described in the sections that follow.

10.3.1 Intrinsic Function References

FORTRAN library function names are called intrinsic function names. Normally, a name
in the table of intrinsic function names (Table D-1) refers to the FORTRAN library
function with that name. However, the name can refer to a user-defined function when the
name appears in an EXTERNAL statement (see Section 8.7).
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Except when they are used in an EXTERNAL statement, intrinsic function names are
local to the program unit that refers to them. Thus, they can be used for other purposes in
other program units. In addition, the data type of an intrinsic function does not change if
you use an IMPLICIT statement to change the implied data type rules.

Note that you cannot have an intrinsic function and a user-defined function with the same
name in the same program unit.

10.3.2 Generic Function References

Many of the intrinsic functions supplied with VAX FORTRAN are generic functions,
which means that you refer to them by a common name and the selection of the actual
library routine to be used is based on the data type of the argument in the function
reference. For example, there are five intrinsic functions that calculate cosines. All of them
can be referred to by the generic name COS. Their names are COS, DCOS, QCOS, CCOS,
and CDCOS. These functions differ in that they return REAL*4, REAL*8, REAL*16,
COMPLEX+8, and COMPLEX+16 values, respectively. To invoke the cosine function, you
can refer to it generically as COS, and the compiler selects the appropriate routine, based
on the arguments that you specify. For example, if the argument is REAL*4, COS is
selected; if it is REAL+*8, DCOS is selected; and if COMPLEX=+8, CCOS is selected.

Note, however, that you can explicitly refer to a particular routine if you wish. Thus, to
invoke the double-precision cosine function, you could specify DCOS rather than use the
generic name,

The compiler lists the internal names of the intrinsic functions it has selected in the
“FUNCTIONS AND SUBROUTINES REFERENCED” section of the listing.

Generic function selection occurs independently for each function reference. Thus, you can
use a generic function reference repeatedly, in the same program unit, to access different
intrinsic functions.

Table 10-3 lists the generic function names. If you use the names in Table 10-3 in any of
the following ways, you cannot use them for generic function selection:

e As the name of a statement function
® As a dummy argument name, a common block name, or a variable or array name

Using a generic name in an INTRINSIC statement (see Section 8.9) does not affect func-
tion references. When you use a generic function name in an actual argument list as the
name of a function to be passed, generic function selection does not occur because there is
no argument list on which to base a selection. The name is treated according to the rules for
nongeneric FORTRAN functions described in Section 10.3.

Generic function names are local to the program unit that refers to them. Thus, they can be
used for other purposes in other program units.
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Table 10-3: Generic Function Name Summary

Data Type Data Type
Generic Name of Argument of Result
ABS Integer Integer
Real Real
COMPLEX*8 REAL+4
COMPLEX*16 REAL+8
AINT, ANINT Real Real
NINT Real Integer
INT Integer Integer
Real Integer
Complex Integer
REAL Integer REAL+4
Real REAL+4
Complex REAL+4
DBLE ‘ Integer REAL+8
Real REAL=*8
Complex REAL=*8
QEXT Integer REAL=*16
Real REAL+*16
Complex REAL=*16
CMPLX Integer COMPLEX+8
Real COMPLEX+8
Complex COMPLEX+*8
DCMPLX Integer COMPLEX*16
Real COMPLEX+*16
Complex COMPLEX+*16
MOD, MAX, MIN, SIGN, DIM Integer Integer
Real Real
EXP, LOG, SIN, COS, SQRT Real Real
Complex Complex
LOG10, SIND, COSD, TAN, TAND, Real Real -

ATAN, ATAND, ATAN2, ATAN2D, ASIN,
ASIND, ACOS, ACOSD, SINH, COSH,
TANH
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10.3.3 Intrinsic and Generic Function Usage

Figure 10-2 shows the use of intrinsic and generic function names. In this figure, a single
executable program uses the name SIN in four distinct ways:

® As the name of a statement function

¢ As the name of a generic function

¢ As the name of a specific intrinsic function

¢ As the name of a user-defined function
Using the name in these four ways emphasizes the local and global properties of the name.
In Figure 10-2, the circled numbers are keyed to the notes that follow the figure.

C Compare wavs of computing sine.

PROGRAM SINES

REAL*z8 X, PI

PARAMETER (PI=3,1415392653588783238D0)
COMMON W(3)

c Define SIN as a statement function ©
SIN(X) = COS(PI/2-X
DO 10 ¥ = -PIs PIs 2%PI/100

CALL COMPUT(X

Cc Reference the statement function SIN @
10 WRITE (B+100) X WU,y SIN(X
100 FORMAT (5F10,7)

END

SUBROUTINE COMPUT(Y)
REAL*B Y

C Use intrinsic function SIN as actual ardument ©

INTRINSIC SIN
COMMON V(3)

c Generic reference to double-Precision sine O
V(1) = SIN(Y)

Figure 10-2: Multiple Function Name Usage
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C INTRINSIC FUNCTION SINE AS ACTUAL ARGUMENT @

CALL SUB(REAL(Y)SIN)
END

SUBROUTINE SUB(A:S)

™ Declare SIN as name of user function O
EXTERNAL SIN

C Declare SIN as tvrpe REAL*B @

REAL*8 SIN
COMMON W(3)

C Evaluate intrinsic function SIN @
U(2) = s(A)
Cc Evaluate user-defined SIN function ©

U(3) = SIN(A)
END

C Define the user SIN function @

REAL*8 FUNCTION SIN(X

INTEGER FACTOR

SIN = X - X#*3/FACTOR(3) + X**3/FACTOR(S)
1 - X*¥¥7/FACTOR(7)

END

INTEGER FUNCTION FACTOR(N)
FACTOR = 1
DO 10 I=Ns14-1
10 FACTOR = FACTOR #* I
END

Figure 10-2 (Cont.): Multiple Function Name Usage

Notes:

0O A statement function named SIN is defined in terms of the generic function name COS.
Since the argument of COS is double precision, the double-precision cosine function
will be evaluated. The statement function SIN is itself single precision.

® The statement function SIN is called.

©® The name SIN is declared intrinsic so that the single-precision intrinsic sine function
can be passed as an actual argument at ©.

© The generic function name SIN is used to refer to the double-precision sine function.

© The single-precision intrinsic sine function is used as an actual argument.
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Notes (Cont.)

O The name SIN is declared a user-defined function name.
©® The type of SIN is declared double precision.

© The single-precision sine function passed at @ is evaluated.
© The user-defined SIN function is evaluated.
10]

The user-defined SIN function is defined as a simple Taylor series using a user-defined
function FACTOR to compute the factorial function.

10.3.4 Character and Lexical Gomparison Library Functions

Character library functions are functions that take character arguments and return integer,
ASCII, or character values; lexical comparison library functions are functions that take
character arguments and return logical values.

10.3.4.1 Character Functions
FORTRAN provides four character functions: LEN, INDEX, ICHAR, and CHAR.

LEN Function

The LEN function returns the length of a character expression. The LEN function has the
form:

LEN(c)

where:

c

is a character expression. The value returned indicates how many bytes there are in
the expression.

INDEX Function

The INDEX function searches for a substring (c2) in a specified character string (c1), and,
if it finds the substring, returns the substring’s starting position. If ¢2 occurs more than
once in cl, the starting position of the first (leftmost) occurrence is returned. If ¢2 does not
occur in cl, the value zero is returned. The INDEX function has the form:

INDEX(c1,c2)
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where:

ci
is a character expression specifying the string to be searched for the substring speci-
fied by c2.

c2
is a character expression specifying the substring for which the starting location is to
be determined.

IGHAR Function

The ICHAR function converts a character expression to its equivalent ASCII code and
returns the ASCII value. ICHAR has the form:

ICHAR (c)
where:
c

is the character to be converted to an ASCII code. If ¢ is longer than one byte, only the
value of the first byte is returned; the remainder is ignored.

CHAR Function
The CHAR function converts an ASCII integer value to a character value and returns the
character value. CHAR has the form:
CHAR (i)
where:

i
is an integer expression.

Examples
Examples illustrating the LEN and INDEX functions follow.

LEN Function Example:

SUBRDUTINE REVERSE(S)
CHARACTER T S* (%)

J = LEN(S)
DO 10 I=1,Jd/2
T=8(I:1)
S(I:I) =80J:d)
S(Jd:d) =T
n J=J-1
10 CONTINUE

RETURN
END
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INDEX Function Example:

10

91

SUBROUTINE FIND_GUBSTRINGS(SUB.S)
CHARACTER*(*) SUB» 8
CHARACTER*132 MARKS

I=1
MARKS = ¢ /

J = INDEX(S(I:) SUB)
IF (J +NE. 0) THEN
I=1+(J-1)
MARKS(I:I) = '#/
I=1+1
IF (I .LE. LEN(S5)) GO TO 10
END IF

WRITE (6:+81) 8 MARKS
FORMAT (2(/1X+A))
END

10.3.4.2 Lexical Comparison Functions
The four lexical comparison functions provided with FORTRAN are:

e LLT, where LLT(X,Y) is equivalent to (X .LT. Y)
e LLE, where LLE(X,Y) is equivalent to (X .LE. Y)
* LGT, where LGT(X,Y) is equivalent to (X .GT. Y)
¢ LGE, where LGE(X,Y) is equivalent to (X .GE. Y)

The lexical functions have the form:

func(c,c)

where:

func

10-26

is one of the symbolic names: LLT, LLE, LGT, or LGE.

is a character expression.
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The lexical comparison functions defined by the FORTRAN-77 standard are guaranteed to
make comparisons according to the ASCII collating sequence, even on non-ASCII proces-
sors. On VAX systems, the lexical comparison functions are identical to the corresponding
character relationals. '

An example of the use of the lexical comparison functions is:

CHARACTER*10 CHZ
IF (LGT(CHZ,'8MITH’)) STOP

The IF statement in this example is equivalent to the following:
IF (CHZ .GT. ‘SMITH’) STOP

Subroutines and Functions — Subprograms  10-27






Chapter 11
VAX FORTRAN Input/Output

This chapter describes FORTRAN input/output (I/0) as implemented for VAX FORTRAN
and provides information about FORTRAN I/0 in relation to the VAX Record Manage-
ment Services (RMS) and the VAX Run-Time Library (RTL).

The topics covered include:
¢ Overview of FORTRAN 1/0 (Section 11.1)
¢ Elements of I/0 Processing (Section 11.2)
e Components of I/O statements (Section 11.3)
e READ statements (Section 11.4)
¢ WRITE statements (Section 11.5)
o REWRITE statement (Section 11.6)
o ACCEPT statement (Section 11.7)
o TYPE and PRINT statements (Section 11.8)

The statements listed here initiate data transfer operations. Other FORTRAN statements,
which influence I/O processing but do not directly initiate data transfers, are described in
Chapter 12, FORMAT Statements, and in Chapter 13, Auxiliary Input/Output State-
ments.

11.1 Overview of VAX FORTRAN 1/0

This section introduces the concept of logical units, briefly describes the scope of interpro-
cess communications, and lists and describes the different types of I/O statements and the
optional forms of I/O statements.



11.1.1 Identifying Logical Input/Output Units

Logical unit numbers are integers from 0 to 99. For example:
READ (2:100) I,X,»Y

This READ statement specifies that data is to be entered from the device or file corre-
sponding to logical unit 2, in the format specified by the FORMAT statement labeled 100.

The association between the logical unit number and the physical device or file occurs at
execution time. If necessary, you can change this association at execution time to match
the needs of the program and the available resources. You do not need to change the logical
unit numbers specified in the program. FORTRAN programs, therefore, are inherently
device independent.

READ, WRITE, and REWRITE statements refer explicitly to a logical unit from or to
which data is to be transferred. The logical unit can be connected to a device or file by
means of an OPEN statement (see Section 13.1).

ACCEPT, TYPE, and PRINT statements do not refer explicitly to a logical unit (a file or
device) from or to which data is to be transferred; they refer implicitly to a default logical
unit. The ACCEPT statement is normally connected to the default input device, and the
TYPE and PRINT statements are normally connected to the default output device. These
defaults can be overridden with appropriate logical name assignments (see Section
13.3.1.1).

11.1.2 Types of 1/0 Statements

The type of an I/O statement depends on the organization of the file being accessed. The
various types of I/O are as follows:

» Sequential I/O—transfers records sequentially to or from files or I/O devices such as
terminals.

* Direct Access I/O—transfers records, selected by record number, to and from direct
access files.

o Keyed I/O—transfers records, based on data values (keys) contained in the records, to
and from indexed files.

¢ Internal I/O—transfers data between variables and arrays defined within a program.

11-2  VAX FORTRAN Input/Output



11.1.3 Interprocess Communication

You can use standard FORTRAN [/O statements to communicate between processes on
either the same computer or different computers.

¢ Mailboxes permit interprocess communication on the same computer.

¢ DECnet network facilities are used for interprocess communication on different com-
puters. DECnet can also be used to process files on different computers.

Information on the preceding types of operations is provided in the VAX FORTRAN User’s
Guide.

11.1.4 Forms of 170 Statements

Each type of I/O statement can be coded in a variety of forms. The form you select depends
on the nature of your data and how you want it treated. The I/O statement forms are
formatted, unformatted, list-directed, and namelist-directed.

¢ Formatted I/O statements contain explicit format specifiers that are used to control
the translation of data from internal (binary) form within a program to external
(readable character) form in the records, or vice versa.

¢ List-directed and namelist-directed 1/O statements are similar to formatted state-
ments in function. However, they use different mechanisms to control the translation
of data: formatted I/O statements use explicit format specifiers, and list-directed and
namelist-directed I/O statements use data types.

¢ Unformatted I/O statements do not contain format specifiers and therefore do not
translate the data being transferred. Unformatted I/O is especially appropriate where
the output data will subsequently be used as input data. Unformatted I/O saves
execution time by eliminating the data translation process, preserves greater precision
in the external data, and usually conserves file storage space.

I/0 statements transfer all data as records; that is, that which is read or written is a record.
The amount of data that one of these records can contain depends on whether unformatted
or formatted I/O is used to transfer the data. With unformatted I/O, the I/O statement
alone specifies the amount of data to be transferred; with formatted I/0, the I/O statement
and its associated format specifier jointly determine the amount of data to be transferred.

Normally, the data transferred by an I/O statement is read from or written to a single
record. It is possible, however, for formatted, list-directed, and namelist-directed I/O state-
ments to transfer data from or to more than one record.

Table 11-1 shows the various I/O statements, by categdry, that can be used in FORTRAN
programs.
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Table 11-1: Available I/O Statements

Statement Name

Statement
Category READ WRITE REWRITE ACCEPT TYPE PRINT
Sequential
Formatted Yes Yes No Yes Yes Yes
List-Directed Yes Yes No Yes Yes Yes
Namelist-Directed Yes Yes No Yes Yes Yes
Unformatted Yes Yes No No No No
Direct
Formatted Yes Yes No No No No
Unformatted Yes Yes No No No No
Indexed
Formatted Yes Yes Yes No No No
Unformatted Yes Yes Yes No No No
Internal
Formatted Yes Yes No No No No
List-Directed Yes Yes No No No No
Unformatted No No No No No No

11.2 Elements of 1/0 Processing

The following sections describe in general terms the elements of FORTRAN I/0 processing.
The topics covered include:

e VAX/VMS file specifications (Section 11.2.1)

¢ Logical names, as used in FORTRAN, and logical unit numbers (Section 11.2.2)

¢ FORTRAN file organizations, I/O record formats, and access modes (Section 11.2.3)

11.2.1 File Specifications

VAX/VMS file specifications are described in detail in Chapter 1. The discussion of file
specifications is abbreviated in this section, concentrating on how to identify files in I/O
statements. ‘

A complete VAX/VMS file specification has the form:
node::device:[directory]filename.filetype;version

For example:
BOSTON: :USERD:[SMITHITEST.DATI2
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You can associate a file specification with a logical unit by using a logical name assignment
(see Section 11.2.2) or by using the OPEN statement (see Section 11.2.3). If you do not
specify such an association or if you omit elements of the file specification, the system
supplies default values, as follows:

¢ If you omit the node, the local computer is used.
e If you omit the device or directory, the current user default is used.

¢ If you omit the file name, the system supplies FOROnn, where nn is the logical unit
number.

¢ If you omit the file type, the system supplies DAT.

e If you omit the version number, the system supplies either the highest current version
number (for input) or the highest current version number plus 1 (for output).

For example, if your default device is USERD and your default directory is SMITH, and
you specify:
READ (8,100)

+
+

+

WRITE (9,200)
The default input and output file specifications are respectively:
USERD:[SMITH]JFORO008.DAT;n
and
USERD:[SMITH]FOR009.DAT;m

Where n equals the highest current version number of FOR008.DAT and m is 1 greater
than the highest existing version number of FOR009.DAT.

11.2.2 Logical Names and Logical Unit Numbers

You can use the logical name mechanism of the VMS operating system to associate logical
units with file specifications. A logical name is an alphanumeric string, up to 63 characters
long, that you can use instead of a file specification.

The operating system supplies a number of predefined logical names that are already
associated with particular file specifications. Table 11-2 lists the logical names of special
interest to FORTRAN users. FORTRAN logical unit names are shown in Table 11-3.
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Table 11-2: Predefined System Logical Names

Name Meaning Default

SYS$COMMAND Default command stream For an interactive user, the default is the
terminal; for a batch job, the default is
the batch job input command file.

SYS$DISK Default disk device As specified by the user.

SYS$ERROR Default error stream For an interactive user, the default is the
terminal; for a batch job, the default is
the batch job log file.

SYSSINPUT Default input stream For an interactive user, the default is the
terminal; for a batch job, the default is
the batch command file.

SYS$OUTPUT Default output stream For an interactive user, the default is the
terminal; for a batch job, the default is
the batch log file.

You can dynamically create a logical name and associate it with a file specification by
means of the VAX/VMS ASSIGN command. For example, before program execution, you
can associate the logical names in your program with the file specification appropriate to
your needs.

For example:
$ ASSIGN USERD:[SMITHITEST.DATiZ LOGNAM

The preceding command creates the logical name LOGNAM and associates it with the file
specification USERD:[SMITH]TEST.DAT;2. As a result, this file specification is used
whenever the logical name LOGNAM is encountered during program execution.

Logical names provide great flexibility because they can be associated not only with a
complete file specification, but with a portion of a file specification (that is, either a device
or a device and a directory), or even another logical name.

11.2.2.1 FORTRAN Logical Names

Usually, FORTRAN I/0 is performed by associating a logical unit number with a device or
file. VAX/VMS logical names provide an additional level of association; a user-specified
logical name can be associated with a logical unit number.
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VAX FORTRAN provides predefined logical names in the form:
FOROnn

where:

nn
corresponds to the logical unit number.
By default, each FORTRAN logical name is associated with a file named FOROnn.DAT,

which is assumed to be located on your default disk under your default directory. For
example:

WRITE (17:200)
If you enter the preceding statement without including an explicit file specification, the

data is written to a file named FOR017.DAT on your default disk under your default
directory.

You can change the file specification associated with a FORTRAN logical unit number by
using the ASSIGN command to change the file associated with the corresponding
FORTRAN logical name. For example:

% ASSIGN USERD:[SMITHITEST.DATI2 FORO17

The preceding command associates the FORTRAN logical name FOR017 (and therefore
logical unit 17) with file TEST.DAT;2 on device USERD in directory [SMITH].

You can also associate the FORTRAN logical names with any of the predefined system
logical names, as shown in the following two examples:

1. The following command associates logical unit 5 with the default input device, for
example, the batch input stream.
$ ASSIGN SYS$INPUT FOROOS

2. The following command associates logical unit 6 with the default output device, for
example, the batch output stream.
% ASSIGN SYS$OUTPUT FOROOG

VAX FORTRAN provides default logical name assignments for logical units 5 and 6, as
shown in the preceding examples.

11.2.2.2 Implied FORTRAN Logical Unit Numbers

The ACCEPT, PRINT, and TYPE statements, and optionally the READ and WRITE
statements, do not include an explicit logical unit number. Each of these FORTRAN
statements uses an implicit logical unit number and logical name. Each logical name is, in
turn, associated by default with one of the system’s predefined logical names. Table 11-3
shows these relationships.
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Table 11-3: Implicit FORTRAN Logical Units

Statement FORTRAN System
Logical Name Logical Name
READ (%,f) list FORSREAD SYSSINPUT
READ flist FORSREAD SYSS$INPUT
ACCEPT f list FOR3SACCEPT SYS$SINPUT
WRITE (*,f) list FOR$PRINT SYS$OUTPUT
PRINT flist FORSPRINT SYS$OUTPUT
TYPE f,list FORSTYPE SYSSOUTPUT

You can change the file specifications associated with these FORTRAN logical names, as
you would any other FORTRAN logical name, by means of the VMS ASSIGN command.
For example:

$ ASSIGN USERD:[SMITHITEST.DAT3I2 FOR$READ

Following execution of the preceding command, the READ statement’s logical name
(FORSREAD) refers to the file TEST.DAT;2 on device USERD in directory [SMITH].

11.2.2.3 File Specification in the OPEN Statement

You can use the FILE and DEFAULTFILE keywords of the OPEN statement to specify the
complete definition of a particular file to be opened on a logical unit. (Section 13.1 de-
scribes the OPEN statement in greater detail.) For example:

OPEN (UNIT=4, FILE='USERD:[SMITHITEST.DATIZ’sy STATUS='0LD")

In the preceding example, the file TEST.DAT;2 on device USERD in directory SMITH is
to be opened on logical unit 4. Neither the default file specification (FOR004.DAT) nor the
FORTRAN logical name FOR004 is used. The value of the FILE keyword can be a charac-
ter constant, variable, or expression.

In the following interactive example, the file name is supplied by the user and the
DEFAULTFILE keyword supplies the default values for the file specification string.

CHARACTER*9 DOC

TYPE *, 'ENTER FILE NAME (WITHIN APOSTROPHES)
ACCEPT %, DOC

OPEN (UNIT=2, FILE=DOC:

1 DEFAULTFILE= "USERD: [LARCHIVEI . TXT ' »

1 STATUS='0LD ")

In the preceding example, the file that is to be opened is located on device USERD in
directory ARCHIVE, with the file name supplied in DOC and the file type TXT. The
DEFAULTFILE specification overrides your process default device and directory.
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You can also specify a logical name as the value of the FILE keyword, if the logical name is
associated with a file specification. For example:

$ ASSIGN USERD:CSMITHITEST.DAT LOGNAM

The preceding command assigns the logical name LOGNAM to the file specification
USERD:[SMITHITEST.DAT. The logical name can then be used in an OPEN statement,
as follows:

OPEN (UNIT=19, FILE='LOGNAM’, STATUS='0LD’)

When an I/O statement refers to logical unit 19, the system uses the file specification
associated with logical name LOGNAM.

If the value specified for the FILE keyword has no associated file specification, it is re-
garded as a true file name rather than as a logical name. That is, if LOGNAM had not been
previously associated with the file specification USERD:[SMITH]TEST.DAT by means of
an ASSIGN command, then the above OPEN statement indicates that a file named
LOGNAM.DAT is located on the default device, in the default directory.

A logical name specified in an OPEN statement must not contain brackets, semicolons, or
periods. The system treats any name containing these punctuation marks as a file specifi-
cation, not as a logical name.

11.2.2.4 Assigning Files to Logical Units—Summary

As described in the preceding sections, you can assign files to logical units in any of three
ways:

¢ By using default logical names. In the following example, the READ statement causes
the logical unit FOR007 to be associated with the file FOR007.DAT by default, and the
TYPE statement causes the logical unit FOR$TYPE to be associated with
SYS$OUTPUT by default.

READ (7,100)
+

TYPE 100
¢ By specifying a logical name in an OPEN statement. For example:
OPEN (UNIT=7, FILE=‘LOGNAM‘, STATUS=‘0LD‘)

¢ By supplying a file specification in an OPEN statement. For example:
OPEN (UNIT=7, FILE=‘FILNAM.DAT’, STATUS=’0LD’)

You can use the ASSIGN command to change the association of logical names and file
specifications.

A logical name used with the FILE keyword of the OPEN statement must be associated
with a file specification, and the character expression sp