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PREFACE

The TOPS-10/TOPS~2@ FORTRAN Language Manual reflects the software as
of Version 11 of the FORTRAN-1(/20 compiler, the FORTRAN-14/2¢ Object
Time System (FOROTS), and the FORTRAN-10/20 debugging program
(FORDDT) .

This manual describes the FORTRAN language as implemented £for the
TOPS-1f operating system (FORTRAN-1f) and the TOPS-2@ operating system
(FORTRAN~-2@). Any differences between FORTRAN-1¢ and FORTRAN-20 are
noted in this manual.

Since this is a reference manual, we assume that you have used FORTRAN

before. If you haven't, you should read one of the many introductory
FORTRAN texts.

CONVENTIONS

The following conventions are used throughout the manual:

Braces { } indicate that a choice must be made from one
of the enclosed lines.

Brackets [ ] indicate an optional feature.

Ellipsis ... or . indicate the omission of information from a
. programming example or that items in a
. command line can be optionally repeated.

Lowercase letters indicate variable information you supply in a
command string.

UPPERCASE LETTERS indicate fixed (or literal) information that
you must enter as shown in a command string.

X indicates a blank.
The standard for FORTRAN is the American National Standards Institute
(ANSI) FORTRAN, X3.9-1978 (also known as FORTRAN-77). FORTRAN-10/20

extensions and additions to ANSI FORTRAN are in blue print in this
manual.
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CHAPTER 1

INTRODUCTION

1.1 OVERVIEW

The FORTRAN language, as implemented on the TOPS-10 and TOPS-20
operating systems, is compatible with and encompasses the standard
described in "American National Standard FORTRAN, X3,9-1978" (referred
to as the FORTRAN-77 standard) at the full-language level.

FORTRAN-10/20 provides many extensions and additions to the FORTRAN-77
standard that greatly enhance the usefulness of FORTRAN and increase
its compatibility with FORTRAN languages implemented by other computer
manufacturers. The extensions and additions to the standard
FORTRAN-77 are printed in this manual in blue print.

A FORTRAN source program consists of a set of statements constructed
using the language elements and the syntax described in this manual.
A given FORTRAN statement performs any one of the following functions:

1. It causes operations such as multiplication, division, and
branching to be carried out.

2, It specifies the type and format of the data being processed.
3. It specifies the characteristics of the source program.

FORTRAN statements are composed of keywords (words that are recognized
by the compiler) used with elements of the language set: constants,
variables, and expressions. There are two basic types of FORTRAN
statements: executable and nonexecutable.

Executable statements specify the actions of the program;
nonexecutable statements describe the characteristics and arrangement
of data, editing information, statement functions, and the kind of
subprograms that may be included in the program. The compilation of
executable statements results in the creation of executable code in
the object program. Nonexecutable statements provide information only
to the compiler; they do not create executable code.

1.2 MANUAL ORGANIZATION

This manual is divided into three parts: Language Elements,
State~=2nts, and Language Usage. Sections 1.2.1 through 1.2.3 contain
general descriptions for each of these three parts. Section 1.2.4
contains a general description of the appendixes.
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1.2.1 FORTRAN Language Elements (Part I)

Part I of this manual describes the fundamental elements of FORTRAN
programs, including (by chapter):

Chapter 2, CHARACTERS AND LINES, describes FORTRAN source program
characters and lines. The FORTRAN compiler interprets your
source program and translates it into machine code (executable
code) .

Chapter 3, CONSTANTS, describes FORTRAN data types and constants.
FORTRAN enables you to manipulate information (data) in a variety
of ways. This chapter describes the techniques for defining
FORTRAN constants of various data types.

Chapter 4, SYMBOLIC NAMES, VARIABLES, AND ARRAYS, describes
symbolic names, variables, and arrays in FORTRAN. The symbolic
name is used in a variety of ways in a source program; this
chapter describes the conventions for using symbolic names to
define both variables and arrays.

Chapter 5, EXPRESSIONS, introduces and describes FORTRAN
operators. Expressions in FORTRAN are formed using variables,
constants, and operators.

1.2.2 FORTRAN Statements (Part II)

Part II of this manual describes all the statements in the FORTRAN
language. The following list describes (by chapter) the information
presented in Part II:

Chapter 6, EXECUTABLE AND NONEXECUTABLE STATEMENTS, defines the
term "FORTRAN Statement", and describes the "Compilation Control
Statements".

Chapter 7, SPECIFICATION AND DATA STATEMENTS, describes all the
statements within the category "Specification and Data
Statements". The specification statements enable you to
explicitly define the data types of variables used within your
program; the DATA statement enables you to create initially
defined constants within your program.

Chapter 8, ASSIGNMENT STATEMENTS, describes all the statements
within the category "Assignment Statements". FORTRAN assignment
statements enable you to assign values to variables, and to
assign statement labels to symbolic names.

Chapter 9, CONTROL STATEMENTS, describes all the statements
within the category "Control Statements". The default execution
sequence of lines in a FORTRAN program is each 1line from
left-to-right, and all 1lines from top-to-bottom. You use the
FORTRAN control statements to alter the default execution
sequence, to stop or pause during program execution, or to mark
the end of an executable program.

Chapter 10, DATA TRANSFER STATEMENTS, describes the data transfer
category of "FORTRAN Input/Output (I/0) Statements". As the term
implies, a data transfer statement moves data from one place to
another.
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Chapter 11, FILE-CONTROL AND DEVICE-CONTROL STATEMENTS, describes
file-control and device-control categories of "FORTRAN 1I/0
Statements". The file-control statements enable you to associate
a unit number with a file. Device-control statements enable you
to position a storage medium (for example, magnetic tape) on a
connected unit.

Chapter 12, FORMATTED DATA TRANSFERS, describes three types of
data formatting. During certain types of data transfer
operations, you must specify the format of the data being
transferred. FORTRAN provides three techniques for specifying
the format of data: FORMAT-Statement, List-Directed, and
NAMELIST-Statement formatting.

Chapter 13, FUNCTIONS AND SUBROUTINES, describes FORTRAN
functions and subprograms. Functions and subprograms provide a
technique for producing clear and concise FORTRAN programs.
FORTRAN-10/20 provides both predefined functions and subprograms,
and the statements for defining your own functions and
subprograms.

Chapter 14, BLOCK DATA SUBPROGRAMS, describes the block-data
subprogram. This type of subprogram enables you to define
initial values for variables in COMMON.

1.2.3 FORTRAN Language Usage (Part III)

Parts I and II of the manual contain complete descriptions of FORTRAN
elements and statements. Part III of the manual contains explanations
of how you use FORTRAN-10/20. The following usage topics are covered
in Part III:

Chapter 15, WRITING USER PROGRAMS, presents some general
considerations that you should follow when you are creating
FORTRAN source programs. In addition, this chapter contains a
description of the FORTRAN optimizer.

Chapter 16, USING THE FORTRAN COMPILER, describes how to use the
FORTRAN compiler and contains descriptions on how to compile,
load, and execute a FORTRAN program. In addition, this chapter
contains descriptions of how to read a compiler-generated program
listing, and how to create a reentrant FORTRAN program. This
Chapter also describes how to use FORTRAN-20 extended addressing.

Chapter 17, USING THE FORTRAN INTERACTIVE DEBUGGER (FORDDT),
describes how to use the FORTRAN interactive debugging program
(FORDDT) to test and debug a running program. This chapter also
contains a brief explanation of how to debug a running FORTRAN
program using DDT, the system debugger.

Chapter 18, USING THE FORTRAN OBJECT-TIME SYSTEM (FOROTS),
describes the FORTRAN Object-Time System (FOROTS). This chapter
also contains descriptions of how you can use the FOROTS
software.

Chapter 19, USING THE FORTRAN REAL-TIME SOFTWARE (TOPS-10 ONLY),
describes how to use the FORTRAN real-time software. This
chapter is for TOPS-10 installations only.
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1.2.4 APPENDIXES

The appendixes describe various useful information. The following
topics are covered in the appendixes:

Appendix A, SUMMARY OF FORTRAN STATEMENTS, summarizes the forms
of all FORTRAN statements and provides a section reference where
each statement is described in detail.

Appendix B, ASCII-1968 CHARACTER CODE SET, 1lists the character
code set defined in the X3.,4-1968 version of the American
National Standard Code for Information Interchange (ASCII).

Appendix C, COMPILER MESSAGES, describes the FORTRAN compiler
messages.

Appendix D, FOROTS ERROR MESSAGES, describes the FOROTS error
messages.

Appendix E, FORDDT ERROR MESSAGES, describes the FORDDT error
messages.

Appendix F, FORTRAN-SUPPLIED PLOTTER SUBROUTINES, describes the
FORTRAN-supplied plotter subroutines.



CHAPTER 2

CHARACTERS AND LINES

The basic elements of the FORTRAN source program are its characters
and 1lines. Characters are used to form statements, expressions, and
comments in FORTRAN source programs. Lines, and fields within 1lines,
are used to define the context in which characters are interpreted by
the FORTRAN compiler.

This chapter describes the relationships among source program
characters, lines, and fields within source program lines.

2,1 CHARACTER SET

Table 2-1 1lists the digits, letters, and symbols recognized by
FORTRAN. The remainder of the ASCII-1968 character set is acceptable
within character or Hollerith constants or comment text, but these
characters cause fatal errors in other contexts.

NOTE

The complete ASCII character set 1is defined in the
X3.4-1968 version of the "American National Standard
Code for Information Interchange". A summary of the
standard ASCII set is also contained in Appendix B of
this manual.

NOTE

Lowercase alphabetic characters are treated as
upper-case outside the context of Hollerith or
character constants.
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Table 2-1: FORTRAN Character Set

Letters

Uppercase: ABCDEFGHIJKLMNOPOQRSTUVWIXY?Z

Lowercase: abcdefghijklmnopgqrstuvwsxyz

Digits

1234567829

Symbols
! Exclamation point , Comma
" Quotation Mark - Hyphen (Minus)
# Number Sign . Period (Decimal Point)
$ Dollar Sign / Slant (Slash)
& Ampersand : Colon
' Apostrophe ; Semicolon
( Left Parenthesis < Less Than
) Right Parenthesis = Equal To
* Asterisk > Greater Than
+ Plus “ Circumflex

Underscore

Line Termination Characters

Line Feed (LF), Form Feed (FF), Vertical Tab (VT)

Line Formatting Characters

Carriage Return (RET), Horizontal Tab (TAB), Blank

Note that horizontal tabs normally advance the character ©position
pointer to the next position that 1is an even multiple of 8. An
exception to this is the initial tab, which is defined as a tab that
either 1includes or starts in character position 6. (Refer to Section
2.3.1 for a description of initial and continuation line types.) Tabs
within character specifications count as one character, even though
they may advance the character position as many as eight places.

2.2 STATEMENT DEFINITION AND FORMAT

Source program statements are divided into physical lines. A line is
defined as a string of adjacent character positions, terminated by the
first occurrence of a line termination character, regardless of
context. As shown in Figure 2-1, each source program line is divided
into four fields.
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[ |

Line Character Positions |

\12345,6,78.....707172/\73...,
Statement Continuation Statement Field Remarks

Label Field Field

MR-S-1761-81

Figure 2-1: Fields Within a FORTRAN Line

2,2,1 Statement Label Field and Statement Numbers

You can place a number ranging from 1 to 99999 in the statement 1label
field of an initial 1line to identify the statement. Any source
program statement that is referenced by another statement must have a
statement number. Leading zeros and all blanks in the label field are
ignored; for example, the numbers 00105 and 105 are both accepted as
statement number 105.

You can assign the statement numbers in a source program in any order;
however, each statement number must be unique with respect to all
other statements in the program or subprogram.

A main program and a subprogram can contain identical statement
numbers. In this case, references to these numbers are understood to
mean the numbers in the same program unit in which the reference is
made. An example follows:

Assume that main module MAINMD and subprogram SUBl1 both
contain statement number 105. A GO TO 105 statement, for
instance, in MAINMD will refer to statement 105 in MAINMD,
not to 105 in SUBI1, A GO TO 105 in SUBl will transfer
control to 105 in SUBL.

An initial tab may be used to skip all or part of the label field. If
an initial tab is encountered during compilation, FORTRAN-10/20
examines the character immediately following the tab to determine the
type of line being entered. If this character is one of the digits 1
through 9, FORTRAN-10/20 considers the line as a continuation line and
uses the second character after the tab as the first character of the
statement field.

If the character following the tab is not one of the digits 1 through
9, FORTRAN-10/20 considers the 1line to be an initial line and the
character following the tab is considered to be the first character of
the statement field. The character following the initial tab is
considered to be in character position 6 for a continuation line, and
in character position 7 for an initial line.

2.2.2 Line Continuation Field

Any character of the FORTRAN character set (except a blank, a zero, or
an exclamation point) placed in the line continuation field (position
6) identifies the line as a continuation 1line (see Section 2.3.1).
Whenever you use an initial tab to skip all or part of the label field
of a continuation line, the next character you enter must be one of
the digits 1 through 9 to identify the line as a continuation line.
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2.2.3 Statement Field

Any FORTRAN statement can appear in the statement field. Blanks
(spaces) and tabs do not affect compilation of the statement. Blanks
and tabs may be used freely in this £field for appearance purposes,
with the exception of textual data given within either a character or
Hollerith specification, where blanks and tabs are significant
characters. .

2.2.4 Remark Field

In lines consisting of 73 or more character positions, only the first
72 character positions are interpreted by FORTRAN. Note that tabs
generally occupy more than one character position, wusually advancing
the cursor to the next character position that is an even multiple of
8. The exception is the tab in a 1label field, which advances the
cursor either to column 6 or 7, depending on the character following
the tab (see Section 2.2.1).

All other characters after character position 72 are treated as
remarks and do not affect compilation.

Note that remarks may also be added to a line in character positions 1

through 72, provided the text of the remark is preceded by the symbol
"1" (see Section 2.3.3).

2.3 LINE TYPES
A line in a FORTRAN source program may be:
1. An initial line
2. A continuation line
3. A multi-statement line
4, A comment line
5. A debug line
6. A blank line

These lines are described in Sections 2.3.1 through 2.3.5.

2.3.1 1Initial and Continuation Lines

A FORTRAN statement may occupy the statement fields of wup to 1g¢
consecutive lines. The first 1line in a nmulti-line statement is
referred to as the initial line; the succeeding lines are referred to
as continuation 1lines. Initial 1lines may be assigned a statement
number and must have either a blank or a zero in character position 6.

An initial tab may be used to skip all or part of the label field. 1If
you wuse an initial tab for this purpose, you must immediately follow
it with a nonnumeric character; that is, the first character of the
statement field must be nonnumeric.
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You cannot assign a statement label to a continuation line. Instead,
you identify a continuation 1line by placing a character from the
FORTRAN character set (except blank, zero, or exclamation point) in
character position 6 of that 1line. This position 1is the line
continuation field. The label field of a continuation 1line must be
blank.

Note that blank lines, comments, and debug lines that are treated like
comments (that is, debug lines that are not compiled with the rest of
the program) are legal continuation 1lines and do not terminate a
continuation sequence (see Section 2.3.4).

The following is an example of a 3-line FORTRAN FORMAT statement with
two continuation lines:

105 FORMAT (1X,'This example shows how continuation lines ',

2 'are used to accommodate FORTRAN statements that do not ',

3 'entirely fit on a single line."')

In this example the characters 2 and 3 in position 6 1identify those
lines as continuation lines.

2.,3.2 Multi-Statement Lines

You may write more than one FORTRAN statement in the statement field
of one line. The rules for structuring a multi-statement line are:

1. Successive statements must be separated by a semicolon (;).

2. Only the first statement in the series can have a statement
number.

3. The last statement in a line is continued to the next line if
that next line is made a continuation line.

An example of a multi-statement line is:

450 DIST=RATE * TIME; TIME=TIME+0.05; CALL PRIME (TIME,DIST)
NOTE
If  a statement sequence in a
multi-statement line consists of a

logical IF (see Section 9.2.2) followed
by any other executable statement, then
the statement following the IF will be
executed 1in all cases, even if the IF
expression evaluates as false.

2.3.3 Comment Lines and Remarks

Lines that contain descriptive text only are called comment lines.
Comment lines commonly identify and introduce a source program,
describe the purpose of a particular set of statements, and introduce
subprograms.
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To structure a comment line:

1. You must place one of the characters C (or c), *, $, /, or !
in character position 1 of the 1line to identify it as a
comment line.

2. You place the text of the comment in the remainder of the
line.

3. You may place comment lines anywhere in the source program,
including preceding a continuation line.

4., You may write a large comment as a sequence of any number of
lines; however, each 1line must carry the identifying
character (C (or ¢), *, S, /, or ') in its first character
position.

The following is an example of a comment that occupies more than one
line:

SUBROUTINE - Al2

This subroutine formats
and stores the results of
the HEAT-TEST program

aaonn

Comment lines are printed on all listings, but are otherwise ignored
by the compiler.

You may add a remark to any statement field, in character positions 7

through 72, provided the symbol ! precedes the text. For example, in
the line
IF(N.EQ.0)STOP I Stop if card is blank
the text "Stop if card is blank" is identified as a remark by the
preceding ! symbol. The compiler ignores all characters from the
~exclamation point to the end of the line. The characters following

the exclamation point, however, appear in the source program listing.
To be treated as a remark symbol, the exclamation point must not
appear in a Hollerith or character constant.

Note that characters appearing in character positions 73 and beyond
are automatically treated as remarks, so that you need not use the
symbol ! (see Section 2.2.4).

2.3.4 Debug Lines

As an aid in program debugging, a D (or d) in character position 1 of
any line causes the line to be interpreted as a comment line; that is,
not compiled with the rest of the program unless the /INCLUDE switch
is present in the compiler command string. (See Chapter 16 for a
description of the compiler switches.)

When the /INCLUDE switch is present in the compiler command string,
the D (or d) in character position 1 is treated as a blank so that the
remainder of the line is compiled as an ordinary (noncomment) line. A
debug line can have a label following the D (or d). Note that if the
debug statement is an initial line, all of its continuation lines must
contain a D (or d) in character position 1.
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2.3.5 Blank Lines

You may insert lines consisting of only blanks, tabs, or no characters
anywhere in a FORTRAN source program. Blank lines that contain
remarks only, are considered as blank lines. Blank lines are used for
formatting purposes only; they cause blank lines to appear in their
corresponding positions in source program listings; otherwise, they
are ignored by the compiler.

2.4 LINE-SEQUENCED SOURCE FILES

FORTRAN-10/20 accepts line-sequenced files as produced by
line-oriented text editors (for example, SOS on TOPS-10 or EDIT on
TOPS-20). These sequence numbers are used in place of the 1listing
line numbers normally generated by FORTRAN. The listing line numbers
are not the same as FORTRAN statement numbers.






CHAPTER 3

CONSTANTS

3.1 INTRODUCTION
Constants are gquantities that do not change value during the execution
of the object program. The data types you can use for constants in
FORTRAN-10/20 source programs are:

l. Integer

2, Real

3. Double-precision

4. Complex

5. Character

6. Logical

7. Octal

8. Double-octal

9. Hollerith

10. Statement label

The use and format of each of these data types are discussed in
Sections 3.2 through 3.10.

3.2 INTEGER CONSTANTS

An integer constant 1is a string of one to eleven digits that
represents a whole decimal number (a number without a fractional
part) . Integer constants must be within the range of -(2**35-1) ¢to
(+2**35) -1 (-34359738367 to +34359738367). Positive integer constants
may optionally be signed; negative integer constants must always be
signed. You cannot use decimal points, commas, or other symbols in
integer constants (except for a preceding sign, + or -).

Examples of valid integer constants are:
345

+345
-345
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Examples of invalid integer constants are:

+345, (use of decimal point)
3,450 (use of comma)
34.5 (use of decimal point; not a whole number)

3.3 REAL CONSTANTS
A real constant can have any of the following forms:

1. A basic real constant: a string of decimal digits followed
by a decimal point, followed optionally by a decimal
fraction, for example, 1557.42.

2. A basic real constant followed by a decimal integer exponent
written in E notation (exponential notation) form, for
example, 1559.E2 or 1559.e2. The number following the E (or
e) specifies a power of ten by which the basic real constant
will be multiplied.

3. An integer constant (no decimal point) followed by a decimal
integer exponent written in E notation, for example, 1559E2
or 1559e2, :

Real constants may be of any size; however, each will be rounded to
fit the precision of 27 bits (7 to 9 decimal digits).

Precision for real constants is maintained to approximately eight
significant digits; the absolute precision depends upon the numbers
involved.

The exponent field of a real constant written in E notation cannot be
empty (blank); it must be either a zero or an integer constant. The
range of magnitude permitted a real constant is from approximately
1.47 * 10**(-39) to 1.70 * 10**(+38).

The following are examples of valid real constants:

-98.765

7.0E+0 (= 7.)
.7E-3 (= .0007)
S5E+5 (= 500000.)
50115.

50.E1 (= 500.)

The following are examples of invalid real constants:

72.6E512 (exponent is too large)
.375E (exponent incorrectly written)
500 (no decimal point given)

3.4 DOUBLE-PRECISION CONSTANTS

Double-precision constants are similar to real constants written in E
notation form; the differences between these two constants are:

1. Double-precision constants, depending on their magnitude,
have precision from 16 to 18 places, rather than the 8-digit
precision obtained for real constants.
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2. Each double-precision constant occupies two storage
locations.

3. The 1letter D (or 4d), instead of E, is used in
double-precision constants to identify a decimal exponent.

On KL model B systems, there are two forms of double-precision number
formats. If the /GFLOATING compiler switch is specified (see Chapter
16), the double-precision number format is called G-floating. If the
/DFLOATING compiler switch (the default) is specified (see Chapter
16), the double-precision number format is called D-floating. See
Section 3.4.1 for a comparison of the different double-precision
number formats.

On KS systems, only the D-floating double-precision number format is
provided. '

You must use both the letter D and an exponent (including =zero) in
writing a double-precision constant. The range of magnitude permitted
a double-precision constant is from approximately:
1.47 * 10**(-39) to 1.70 * 10**(+38) for D-floating
or

2.78 * 10**(-309) to 8.99 * 10**(+307) for G-floating

The following are examples of valid double-precision constants:

7.9D03 (= 7900.)
7.9D+03 (= 7900.)
7.9D-3 (= .0079)
79D03 (= 79000.)
79D0 (= 79.)

The following are examples of invalid double-precision constants:

7.9D999 (exponent is too large)
7.9E5 ("E" denotes single precision; "D" denotes double
precision)

3.4.1 Comparison of Real, D-floating, and G-floating

For KL model B systems, G-floating double-precision is provided as an
alternative double-precision number format. You must specify the
/GFLOATING compiler switch (see Chapter 16) to invoke the G-floating
double-precision format. If you specify the /DFLOATING compiler
switch (the default), the D-floating format is used. Table 3-1
summarizes the comparisons among real, D-floating, and G-floating.
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Table 3-1: Comparison of Real, D-floating, and G-floating Numbers

Bits of Bits of Digits of
Exponent | Mantissa Range Precision
Real 8 27 1.47 * 10** (-39) 8.1

to 1.70 * 10**(+38)

D-floating 8 62 1.47 * 10**(-39) 18.7
to 1.70 * 10**(+38)

G-floating 11 59 2,78 * 10**(-309) 17.8
to 8.99 * 10**(+307)

3.5 COMPLEX CONSTANTS

You can represent a complex constant by an ordered pair of integer,
real, or octal constants written within parentheses and separated by a
comma. For example, (.70712, =-.70712) and (8.763E3, 2.297) are
complex constants.

In a complex constant, the first (leftmost) constant of the pair
represents the real part of the number; the second constant represents
the imaginary part of the number. Both the real and imaginary parts
of a complex constant can be signed.

The constants that represent the real and imaginary parts of a complex
constant occupy two consecutive storage locations in the object
program.

3.6 CHARACTER CONSTANTS

A character constant is a string of printable ASCII characters
enclosed by apostrophes. Both delimiting apostrophes must be present,
and the string must be at least one character in length. The compiler
accepts control characters in character constants with the following
exceptions:

Character Octal Value
“@ - NUL "0

“J - LF "12

“K - VT "13

“L - FF "14

“M - CR "1l5

NOTE

The CHAR function (see Chapter 13) can be wused to
build variables that contain these control characters.

The value of a character constant is the string of characters between
the delimiting apostrophes. 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).

3-4
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The length of the character constant 1is the number of characters
between the apostrophes, except that two consecutive apostrophes count
as a single apostrophe.

BEach character in the string has a character position that is numbered
consecutively starting at one. The number indicates the sequential
position of a character in a string, from left to right. There is one
character storage location for each character in the string.

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 Section 3.9).

Examples of valid character constants and their lengths are:

Length Value
'WHAT?' 5 WHAT?
'TODAYS''S DATE IS: ' 18 TODAY'S DATE IS:
'He said, "hello™' 16 He said, "hello"
RN 1 '

Examples of invalid character constants are:
'HEADINGS (no trailing apostrophe)

' (a character constant must contain at 1least
one character)

"Now or Never" (quotation marks cannot be used in place of
apostrophes)

3.7 OCTAL AND DOUBLE-OCTAL CONSTANTS

You may use octal numbers (radix 8) as constants in arithmetic
expressions, logical expressions, and data statements. Octal numbers
up to 12 digits in length are considered standard octal constants;
they are stored right-justified in one storage location. When
necessary, standard octal constants are padded with leading =zeros to
fill their storage location.

If you specify more than 12 digits in an octal number, it is
considered a double-octal constant. Double-octal constants occupy two
storage locations and may contain up to 24 right-justified octal
digits; leading zeros are added to fill any unused digits.

If you assign a single-octal constant to a double-precision or complex
variable, it 1is stored right-justified in the high-order word of the
variable. The low-order portion of the variable is set to =zero. 1f
you assign a double-octal constant to a double-precision or complex
variable, it is stored right-justified in the two words.

All octal constants must:

l. Be preceded by a double quote (") to identify the digits as
octal, for example, "777

2. Be signed if negative, but optionally signed if positive
3. Contain one or more of the digits 0 through 7, but not 8 or 9

3-5
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The following are examples of valid octal constants:

"123456700007

+"12345 (optional sign)
-"77717

w7777

The following are examples of invalid octal constants:

"12368 (contains an 8)
7777 (no identifying double quote)

When you use an octal constant as an operand in an expression, 1its
form (bit pattern) is not converted to accommodate it to the type of
any other operand. For example, the subexpression (A + "202400000000)
has as its result the sum of A with the floating point number 2.0;
while the subexpression (I + "202400000000) has as its result the sum
of I with a large integer.

You cannot use octal constants as stand-alone arguments for 1library
functions that require non-octal arguments. MINO, for instance,
requires integer arguments and cannot accept octal arguments.

When you combine a double-octal constant in an expression with (or
assign it to) either an integer or real variable, only the contents of
the high order location (leftmost) are used.

3.8 LOGICAL CONSTANTS

The Boolean values of truth and falsehood are represented in FORTRAN
source programs as the logical constants .TRUE. and .FALSE.. Always
write logical constants enclosed by periods, as 1in the preceding
sentence.

You may use logical quantities in arithmetic and 1logical statements.
Only the sign of a numeric value used in a logical IF statement is
tested to determine if it is true (negative) or false (nonnegative).

3.9 HOLLERITH CONSTANTS

A Hollerith constant is a string of alphanumeric and/or special
characters preceded by nH (for example, nHstring). In the prefix nH,
the letter n represents a number that specifies the exact number of
characters (including blanks) that follow the letter H.

NOTE
If a character constant appears in a numeric context
it 1is considered a Hollerith constant (see Section
3.6).
The following are examples of Hollerith constants:
2HAB

14HLOAD TEST #124
6H#124-A
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NOTE

A tab in a Hollerith constant 1is counted as one
character; for example, 3H AB,

You may enter Hollerith constants into DATA statements as a string of:

1. Up to ten 7-bit ASCII characters for complex or
double~-precision type variables

2. Up to five 7-bit ASCII characters for all other type
variables

The 7-bit ASCII characters that comprise a Hollerith constant are
stored left-justified (starting in the first word of a
double-precision constant (the high-order word) or the real part of a
complex constant) with blanks placed in empty character positions.
Hollerith constants that occupy more than one variable are stored as
successive variables in the list. The following example illustrates
how the string of characters is stored in a six-element array called
A:

DIMENSION A (6)
DATA A/27HA string of many characters/

A(l) is set to 'A str'
A(2) is set to 'ing o'
A(3) is set to 'f man'
A(4) is set to 'y cha'
A(5) is set to 'racte'
A(6) is set to 'rs '

3.10 STATEMENT LABEL CONSTANTS

Statement labels are numeric identifiers that represent program
statement numbers.

You write statement label constants as strings of one to five decimal
digits, that are preceded by either an asterisk (*), a dollar sign
(§), or an ampersand (&) . For example, *11992, $11992, and &11992 are
all valid statement label constants. You use statement 1label
constants only in the argument list of CALL statements to identify the
number of the executable statement to return to in a multiple RETURN
statement (see Chapter 13).
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Symbolic names consist of any alphanumeric combination of one to 31

characters, the
characters dollar sign ($) and underscore ( ) are allowed.

first

which must be a

letter.

The special
If you use

more than 31 characters in a symbolic name, the compiler prints a
warning message and ignores all but the first characters. The
compiler interprets lowercase letters in symbolic names as uppercase
letters. '

The following are examples of legal symbolic names:

Al2345

IAMBIC_ PENTAMETER
ABLE

C

The following are examples of illegal symbolic names:-

+AMBIC (first character is not a letter)
8AB (first character is not a letter)

You use symbolic names to identify specific items of a FORTRAN source
program; Table 4-1 1lists these items, together with an example of a
symbolic name and text reference for each,

Table 4-1: Use of Symbolic Names
For a Detailed
Symbolic Names Description
Can Identify For Example See Section
1. vVariables PI, CONST, LIMIT 4,2
2. Arrays TAX 4.3
3. Array elements TAX (3,5) 4.3.1
4, Substrings FOO(1:N) 4.4
5. Functions MYFUNC, VALFUN 13.2
6. Subroutines CALCSB, SUB2, LOOKUP 13.4
7. Intrinsic functions SIN, ATAN, COSH 13.1
8. PROGRAM Statement TEST 6.4.1
9. PARAMETER Statement v1l,C2,K 7.8
10. COMMON block names DATAR, COMDAT 7.4
11. NAMELIST 1list DATA3 12.6

FORTRAN-10/2¢ V11

February 1987
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4.2 VARIABLES

A variable is a data storage location identified by a symbolic name; a
variable 1is not a constant, an array, or an array element. Variables
specify values that are assigned to them in such ways as assignment
statements (Chapter 8), DATA statements (Chapter 7), or at run time
through I/0 data transfers (Chapter 10). Before you assign a value to
a variable, its value is undefined; and you should not reference it
except to assign a value to it.

The value you assign to a variable can be either a constant or the
result of a calculation that is performed during the execution of the
object program. For example, the statement IAB=5 assigns the constant
5 to the variable IAB. 1In the statement IAB=5+IB, however, the value
assigned IAB depends on the value of variable IB at the time the
statement is executed.

The type of a variable determines the interpretation of its contents.
Variables can be:

l. Integer

2. Real

3. Logical

4. Double-precision

5. Complex

6. Character
The type of a variable is determined either implicitly, by the first
letter of the variable name (described below), or explicitly, by
declaring the variable type in a type declaration statement (see

Chapter 7).

FORTRAN uses the following default conventions for variables whose
types are not explicitly declared:

l. Variable names that begin with the letters I, J, K, L, M, or
N are integer variables.

2, Variable names that begin with any letter other than I, J, K,
L, M, or N are real variables.

NOTE
These default conventions can be altered by
use of the IMPLICIT statement, which is
described in Section 7.3.

The following are examples of determining the type of a variable
according to the preceding conventions:

Variable Beginning Letter Assumed Data Type
ITEMP I Integer
OTEMP 0 Real
KA123 K Integer
AABLE A Real
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4.3 ARRAYS

An array is an ordered set of data identified by an array name. Array
names are symbolic names and must conform to the rules for writing
symbolic names (see Section 4.1).

Arrays are made up of smaller units of data called array elements. As
with variables, you may assign a value to an array element. Before
you assign a value to an array element it has an undefined value. You
should not reference an array element until you have assigned it a
value.

An array element is referenced by using the array name together with
some number of subscripts that describe the position of the element
within the array.

4.3.1 Array Element Subscripts

The general form of an array element name is AN (S1, S2,...Sn), where
AN is the array name and S1 through Sn represent 1 through n subscript
expressions. You may use any number of subscript quantities in an
element name; however, the number used must always equal the number of
dimensions (see Section 4.3.2) specified for the array.

A subscript can be any constant or expression (see Chapter 5), for
example:

1. Subscript quantities may contain arithmetic expressions that
involve addition, subtraction, multiplication, division, and
exponentiation. For example, (A+B,C*5,D/2) and
(A**3, (B/4+C)*E,3) are valid subscripts.

2. Arithmetic expressions (see Chapter 5) used in array
subscripts may be of any type, but noninteger expressions
(including complex) are converted to integer when the
subscript is evaluated.

3. A subscript may contain function references (see Chapter 13).
For example, TABLE (SIN(A)*B,2,3) is a valid array element
identifier.

4, Subscripts may contain array element identifiers nested to
any level as subscripts. For example, in the subscript
(I(J(K(L))),A+B,C) the first subscript expression given is a
nested 3-level array reference.

Some examples of valid array elements are:

1. 1IAB(1,5,3)

2., ABLE(A)

3. TABLE1(10/C+K**2,A,B)

4. MAT(A,AB(2*L),.3*TAB(A,M+1,D),55)
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4,.3.2 Dimensioning Arrays

You must declare the size (number of elements) of an array to enable
FORTRAN to reserve the number of locations needed to store the array.
Arrays are stored as a series of sequential storage locations.
Arrays, however, are visualized and referenced as if they were single
or multi-dimensional, rectilinear matrices dimensioned on a row,
column, and plane basis. For example, Figure 4-1 represents a 3-row,
3-column, 2-plane array.

3 ROWS

&
Q\f\
2

3 COLUMNS

MR-S-1755-81

Figure 4-1: A 3 x 3 x 2 Array

You specify the size of an array by an array declarator written as a
subscripted array name. In an array declarator each subscript
quantity is a dimension of the array and must be either an integer
expression, an integer variable, or an asterisk (*).

Only the upper bound in the last dimension declarator in a 1list of
dimension declarators can be an asterisk. An asterisk marks the
declarators as an assumed-size array declarator (see Section 7.1.2).

NOTE
Variable array dimensions are only allowed in
subprograms. See adjustable dimension statements,

Section 7.1.1,

For example, TABLE(I,J,K) and MATRIX(10,7,3,4) are valid array
declarators.

The total number of elements that comprise an array is the product of
the dimension quantities given in its array declarator. For example,
the array IAB dimensioned as IAB(2,3,4) has 24 elements (2 * 3 * 4 =
24) .,

You dimension arrays only in the specification statements DIMENSION,
COMMON, and type declaration (see Chapter 7). Subscripted array names
appearing in any of the these statements are array declarators;
subscripted array names appearing in any other statements are always
array element identifiers.
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the
or plane) that
specify the
the named

The Dimension Declarator

the
particular
it

position

number of

array;
a set comprised of n-number

previously defined sets. For example:

Specifies the Array(s)

each

a

given

The

first

columns,

following

subscript
(value of the subscript) of the

subscript
dimension of the array (for example, row,

represents. three

quantity

subscript
and planes that
given

TAB(2) 1
TAB(2,2) 1,1 1,2
2,1 2,2
TAB(2,2,2) T 12 | 1,22
== 2,1,2 2,22
1,1,1 1,2,1 -
-
21,1 2,2,1 ’,/’
TAB(2,2,2,2) _-=" 1,121 | 1,221
Prag
21,21 | 2,221
1,1,1,1 | 1,211 —
/”
2111 | 2210 | -~
NOTE

- 11,22 | 1,2,2,2
= 21,22 | 2,222
1,1,1,2 | 1,21,2 —
21,12 | 22,12 -7

-

MR-5-1762-81

FORTRAN-10/20 permits up to 127 dimensions in an array

then

declarator. (The FORTRAN-77 Standard allows a maximum
of 7 dimensions.)

4.3.3 Order of Stored Array Elements

The elements of an array are stored in ascending order. The value of

the first (leftmost) subscript varies between its minimum and maximum
values most rapidly. The value of the 1last (rightmost) subscript
increases to its maximum value 1least rapidly. For example, the
elements of the array dimensioned as 1I(2,3) are stored 1in the
following order:

I(1,1) 1I(2,1) I1(1,2) 1I(2,2) 1I1(1,3) 1I(2,3)
In the following list, the elements of the three-dimensional array

(B(3,3,3)) are stored

bottom.

row by row from left to right and from top to
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B(1,1,1)  B(2,1,1) B(3,1,1)—~

L. B(1,3,3) B(2,3,3) B(3,3,3)

MR-5-1756-81

Thus B(3,1,1) is stored before B(1l,2,1), and so forth.

Character array elements are stored in successive character positions,

and do not necessarily start on a word boundary. Character array

elements are stored five characters per word (seven bits per

character), and the low order bit is never used, for example:
CHARACTER*3 A(4)

The array A will be stored in the following way:

A(1) A(2) A(3) A(4) Unused
Ve A \¢ A Ve A Ya —A Y4 A \
| I I 1 |x| | | 1 | | le l | I x| x| x |x|

0 7 14 21 28 3 0 7 14 21 28 3% 0 7 14 21 28 35

MR-§-2528-83

where:

X means bits are not used. The value in bit 35 is zero.

4.4 CHARACTER SUBSTRINGS

A character substring is a contiguous segment of a character variable

or character array element. A character substring is identified by a

substring name and can be assigned values and referenced.

A character substring reference has one of the following forms:
v([el]l:[e2])

or

a(s[,s]...) ([el]l:[e2])
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where:
v is a character variable name.
a is a character array name.
s is a subscript expression.
el is an optional numeric expression that specifies the
leftmost character position of the substring.
e2 is an optional numeric expression that specifies the

rightmost character position of the substring.

Character positions within a character variable or array element are
numbered from left to right, beginning at 1. For example, LABEL(2:7)
specifies the substring beginning with the second character position
and ending with the seventh character position of the character
variable LABEL,

If the value of the numeric expression el or e2 1is not of type
integer, FORTRAN converts it to an integer value by truncating any
fractional part before use.

The values of the numeric expression el and e2 must meet the following
conditions:

1 .LE. el .LE. e2 .LE. 1len
where:
len is the length of the character variable or array element.

If el is omitted, FORTRAN assumes that el is 1. If e2 1is omitted,
FORTRAN assumes that e2 equals len.

For éexample, 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).






CHAPTER 5

EXPRESSIONS

5.1 ARITHMETIC EXPRESSIONS

An arithmetic expression is formed with arithmetic operands and
arithmetic operators. The evaluation of such an expression produces a
numeric value.

Arithmetic expressions may be either simple or compound. A simple
arithmetic expression consists of an operand that can be:

l. A numeric constant

2. A numeric variable

3. A numeric array element

4. An arithmetic function reference (see Chapter 13)

5. An arithmetic or logical expression written within
parentheses

Operands may be of integer, real, double-precision, complex, logical,
octal, double-octal, or Hollerith type.

The following are examples of valid simple arithmetic expressions:

105 (integer constant)

IAB (integer variable)
TABLE(3,4,5) (array element)

SIN (X) (function reference)

(A+B) (a parenthetical expression)

A compound arithmetic expression consists of two or more operands
combined by arithmetic operators. Table 5-1 lists the arithmetic
operations permitted in FORTRAN and the operator recognized for each
operation.
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Table 5-1: Arithmetic Operations and Operators

Operation Binary Operator Example
Addition + A+B
Subtraction - A-B
Multiplication * A*B
Division / A/B
Exponentiation ** or © A**B or A"B

Operation Unary Operator Example
Identity + +A
Negation - -B

5.1.1

Rules for Writing Arithmetic Expressions

Observe the following rules in structuring arithmetic expressions:

1.

The operands comprising an arithmetic expression can be of
different types. Tables 5-2 and 5-3 illustrate all permitted
combinations of data types and the type assigned to the
result of each.

NOTE

All combinations of numeric data types except
double-precision with complex are allowed in
FORTRAN.

If you specify two adjacent operators, and the second is a
minus or a plus, the second operator is considered a unary
operator and acts only on the term immediately following it.
Thus, in the example (A*X+B)*+C, the subexpression, *+C, is
interpreted as the binary operator * and the unary +.

You cannot, however, have two adjacent binary operators in an
expression. For example, the expression A*/B 1is not
permitted.

All operators must be included; no operation is implied. For
example, the expression A(B) does not specify multiplication,
although this is implied in standard algebraic notation. The
expression A*(B) 1is required to specify a multiplication of
the operands.
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Table 5-3: Permitted Base/Exponent Type Combinations
Base Operand Exponent Operand
Double-
Integer Real Precision Complex
Integer Integer Real Double- Complex
’ Precision
Real Real Real Double- Complex
Precision
Double- Double- Double- Double-
Precision Precision Precision Precision (Illegal)
Complex Complex Complex (Illegal) Complex

5.1.2 Arithmetic Constant Expressions

An arithmetic constant expression is an arithmetic expression in which
each operand is one of the following:

1. A numeric constant
2. A symbolic name of a numeric constant
3. An arithmetic constant expression enclosed in parentheses

4. A call to the function ICHAR (see Chapter 13) where the

argument is a character constant expression
The exponentiation operator is not permitted unless the exponent is of
type integer. Note that variables, array elements, and function
references are not allowed.
Example:

5+6* (ICHAR('Z')-ICHAR('A') +1)*4 1**3

expression
constant or

5.1.2.1 Integer Constant Expression - An integer constant
is an arithmetic constant expression in which each
symbolic name of a constant is of type integer.

Example:

3+4*%%6+2
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5.2 CHARACTER EXPRESSIONS

Character expressions consist of character operands and character
operators. The evaluation of a character expression yields a single
value of character data type.

A character operand can be any one of the following:

1. A character constant

2. A symbolic name of a character constant

3. A character variable

4. A character array element

5. A character substring

6. A character expression, optionally enclosed in parentheses
7. A character function reference

The only character operator is the concatenation operator (//).
A character expression has the form:
character operand [//character operand]...

The value of a character expression is a character string formed by
successive 1left-to-right concatenations of the value 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 5.

Note that the expression:
A=2//B

has no effect on A, since the concatenation result is truncated to the
length of A.

Parentheses do not affect the value of a character expression. For
example, the following character expressions are egquivalent:

(‘aBC'//'DE")//'F'
'ABC'//('DE'//'F")
'ABC'//'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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5.2.1 Character Constant Expression

A character constant expression is a character expression in which
each operand is one of the following:

l. A character constant
2, The symbolic name of a character constant
3. A character constant expression enclosed in parentheses

4. A call to the function CHAR (see Chapter 13) where the
argument is an integer constant expression

Variables, array elements, substrings, and function references are not
allowed.

Example:

'HELLO'//CHAR(13)//CHAR(10)//'GOODBYE"

5.3 LOGICAL EXPRESSIONS
Logical expressions can be either simple or compound. Simple 1logical
expressions consist of a logical operand, which can be one of the
following: :

1. A constant

2, A variable

3. An array element

4, A function reference (see Chapter 13)

5. An expression written within parentheses
Compound logical expressions consist of two or more logical or numeric
operands combined by logical operators. The evaluation of a logical
expression produces a truth value (type logical, true or false) as

determined by the resulting bit pattern.

Table 5-4 gives the logical operators permitted by FORTRAN and a
description of the operation each provides.
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Table 5-4: Logical Operators

Operator Description

.AND. AND operator. Both of the logical operands combined by
this operator must be true to produce a true result.

.OR, Inclusive OR operator. If either or both of the logical
operands combined by .OR. are true, the result will be
true.

.NEQV, Exclusive OR operator (also .XOR.). If either but not

both of the 1logical operands combined by .NEQV. is
true, the result will be true.

.EQV. Equivalence operator. If the 1logical operands being
combined by .EQV. are both the same (both are true or
both are false), the result will be true.

.NOT, Complement operator. This operator specifies
complementation (inversion) of the item (operand or
expression) that it modifies. The original item, if
true by itself, becomes false, and vice versa.

Logical expressions are of the general form P .op. Q, where P and Q
are logical operands and .op. 1is any logical operator except ",NOT.".
The .NOT. operator complements the value of an operand; it must
appear immediately before the operand that it modifies, for example,
.NOT.P,

Table 5-5 is a truth table illustrating all possible logical
combinations of two logical operands (P and Q) and the result of each
combination.
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Table 5-5: Logical Operations Truth Table

When P is And Q is: Then the Expression: Is:
True |  ==—-- .NOT. P False
False |  —===- .NOT. P True
True True P .AND. Q True
True False P .AND. Q False
False True P .AND. Q False
False False P .AND. Q False
True True P .OR. Q True
True False P .OR. Q True
False True P .OR. Q True
False False P .OR. Q False
True True P .NEQV. Q False
True False P .NEQV. Q True
False ' True P .NEQV. Q True
False False P .NEQV. Q False
True True P .EQV. Q True
True False P .EQV. Q False
False True P. EQV. Q False
False False P .EQV. Q True

For example, consider the following variables:

Variables Type

PHETT, ROUN Real

I1,J7,K Integer

DP,D Double-Precision
L,A,B Logical

CPX,C Complex
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Examples of valid logical expressions consisting of the preceding
variables are:

L.AND.B
(PHETT*I) .NEQV. (DP+K)
L.AND.A.OR..NOT, (I-K)

Logical operations are performed on the full 36-bit binary
representation of the operands involved. However, when an operand of
a logical expression is double-precision or complex, only the first
word of a double-precision operand (the high-order word) or the real
part of the complex operand 1is wused in the specified 1logical
operation.

The result of a logical operation is found by performing the specified
operation simultaneously for each of the corresponding bits in each
operand. For example, consider the expression A=C.OR.D, where C="456

and D="201. The operation performed by the processor and the result
1s:
Word
Bits 0 1—24 25 26 27 28 29 30 31 32 33 34 35
Operand C 0 0——®( 0 0 1 0 0 1 0 1 1 1 0
Operand D 0 0———0 0 O 0 1 0 0 0 0 0 0 1
Result A 0 0—————0 0 0 1 1 0 1 0 1 1 1 1

Table 5-5 also illustrates all possible logical combinations of two
one-bit binary operands (P and Q) and gives the result of each
combination. Simply read 1 for true and 0 for false.

If a logical expression is wused as an operand in an arithmetic

expression, 1its value is not converted to accommodate it to the type
of any other operand.

5.3.1 Logical Constant Expression

A logical constant expression is a logical expression in which each
operand is one of the following:

1. A logical constant
2. The symbolic name of a logical constant

3. A relational expression in which each operand is a constant
expression

4. A logical constant expression enclosed in parentheses
Variables, array elements, and function references are not allowed.
Example:

.NOT. (PARML1,NE.PARML2)

where PARML1 and PARML2 are specified in a PARAMETER statement (see
Section 7.8).
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5.4 RELATIONAL EXPRESSIONS

Relational expressions consist of two arithmetic expressions or two
character expressions combined by a relational operator. The
relational operator allows you to test the relationship between two
arithmetic or two character expressions.

The result of a relational expression is always a 1logically true or
false value.

You can write relational operators either as a 2-letter mnemonic
enclosed within periods (for example, .GT.) or use the symbolic
equivalent, for example, >, instead of .GT.

Table 5-6 lists the mnemonic and symbolic forms of the FORTRAN-10/20
relational operators and specifies the type of test performed by each.

Table 5-6: Relational Operators and Operations

Operators Relation Tested

Mnemonic Symbolic

.GT. > Greater than

.GE. >= Greater than or equal to

.LT. < Less than

.LE, <= Less than or equal to

.EQ. == Equal to

.NE. # Not equal to

Relational expressions are of the general form A .op. B, where A and B
represent arithmetic or character operands, and .op. is a relational
operator.

You can mix arithmetic operands of type integer, real, and
double-precision in relational expressions,

A relational expression cannot be used to compare the value of an
arithmetic expression with the value of a character expression.
However, you can compare a numeric expression to a character constant.
In this case, the character constant is considered to be a Hollerith
(see Section 3.9).

You can compare complex operands using only the operators .EQ. (==
and .NE,. (#) . Complex quantities are equal if the corresponding
parts of both words are equal.

For example, assume the following variables:

Variables Type
PHETT, RON Real

1,J,K Integer

DP,D Double~-Precision
L,A,B Logical

CcpX,C Complex

CHR,RA Character
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Examples of valid relational expressions consisting of the above
variables are:

(PHETT) .GT.10
[ == 5
C.EQ.CPX
CHR.LT.RA

Examples of invalid relational expressions consisting of the above
variables are:

(PHETT) .GT 10 (closing period missing from operator)

C.GT.CPX (complex operands can only be compared by .EQ.
and .NE. operators)

RA.EQ.RON (you cannot compare arithmetic operands and
character operands)

Examples of valid expressions that use both 1logical and relational
operators to combine the preceding variables are: .

(I.GT. 10) .AND. (J.LE.K)
((I*RON) .EQ. (I/J)).OR.L
(I.AND.K)# ( (PHETT) .OR. (RON) )
C#CPX.OR.RON

If a logical expression 1is used as an operand in an arithmetic
expression, its value is not converted to accommodate it to the type
of any other operand.

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'//'22Z' .LT. 'CCCCC'

This expression tests whether 'ABZZZ' is 1less than 'CCCCC', Since
that relationship does exist, the value of the expression is true. If
the relationship stated does not exist, the value of the expression is
false.

If the two character expressions in a relational expression are not
the same length, the comparison is performed as if the shorter one is
padded on the right with spaces until the 1lengths are equal, for
example:

'ABC' .EQ. 'ABC '
‘ap' .LT. 'C'
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',
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NOTE

The rule that character relationals extend the shorter
operand with spaces to match the length of the longer
operand has an interesting effect when the longer
string ends with characters in the range CHAR(0) to
CHAR(31) (ASCII control characters such as 'bell' and
line feed).

Since space is CHAR(32), the trailing spaces supplied
as filler by FORTRAN compare being greater than

trailing control characters. Thus, the string 'FOO'
is .GT. 'FOO0"G' (FOO followed by a bell).

5.5 EVALUATION OF EXPRESSIONS

The following considerations determine the order of computation of a
FORTRAN expression:

1l. The use of parentheses

2. An established hierarchy for the execution of arithmetic
relational, and logical operations

3. The location of operators within an expression

5.5.1 Parenthetical Subexpressions

In an expression, all subexpressions enclosed within parentheses are

evaluated first. When parenthetical subexpressions are nested (one
contained within another), the most deeply nested subexpression |is
evaluated first; the next most deeply nested subexpression is

evaluated second; and so on, until the value of the final
parenthetical expression is computed.

When more than one operator is = contained in a parenthetical
subexpression, the required computations are performed according to
the hierarchy assigned to operators by FORTRAN (see Section 5.5.2).

For example, the separate computations performed in evaluating the
expression A+B/((A/B)+C)~-C are:

1. R1l=a/B
2, R2=R1+C
3. R3=B/R2
4, R4=A+R3

5. R5=R4-C

R1 through R5 represent the interim and final results of the
computations performed.
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5.5.2 Hierarchy of Operatotrs

The following hierarchy (order of execution) is assigned to the
classes of FORTRAN operators:

first, arithmetic operators
second, relational operators
third, logical operators

Table 5-7 specifies the precedence assigned to the individual
operators of the above classes.

With the exception of exponentiation and integer division, all
operations on expressions or subexpressions involving operators of
equal precedence are computed in any order that 1is algebraically
correct.

A subexpression of a given expression may be computed in any order.

For example, in the expression (F(X) + A*B), the function reference
may be computed either before or after A*B,

Table 5-7: Hierarchy of FORTRAN Operators

Class Level Symbol or Mnemonic
EXPONENTIAL |First ** or °
Second - (negation) and + (identity)
ARITHMETIC Third *,/
Fourth t,-
RELATIONAL Fifth .GT7.,.GE,,.LT.,.LE.,.EQ.,.NE,
or

>,2=,%,<=,==,4%

Sixth .NOT.

Seventh .AND,
LOGICAL Eighth .OR.

Ninth .EQV., .NEQV,.

Operations specifying integer division are evaluated from 1left to
right. For example, the expression I/J*K is evaluated as if it had
been written as (I/J)*K), but this 1left-to-right evaluation process
can be overridden by parentheses. I/J*K (evaluated as(I/J) *K) does
not equal I/(J*K).

When a series of exponentiation operations occurs in an expression, it
is evaluated in order from right to left. For example, the expression
A**2%*B is evaluated in the following order:

first Rl = 2**B (intermediate result)
second R2 = A**R1l (final result).

As with other expressions, parentheses alter the evaluation of the
above expression. The expression (A**2)**B is evaluated in these two
steps:

first Rl = A**2 (intermediate result)
second R2 = R1**B (final result)
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5.5.3 Mixed-Mode Expressions

Mixed-mode expressions are evaluated on a basis of
subexpression-by-subexpression, with the type of the results obtained
converted and combined with other results or terms according to the
conversion procedures described in Table 5-2.

For example, assume the following variables and data types:

Variables Type
D Double-Precision
X Real
I,J Integer

The mixed-mode expression D+X*(I/J) 1is evaluated 1in the following
manner:

1. Rl = I/ Rl is integer
2. R2 = X*R1 Rl is converted to type real and is multiplied by X
to produce R2
3. R3 = D+R2 R2 is converted to type double-precision and is
added to D to produce R3
where:

R1 and R2, and R3 represent the interim and final results
respectively of the computations performed.

5.5.4 Use of Logical Operands in Mixed-Mode Expressions

When you use logical operands in mixed-mode expressions, the value of
the 1logical operand is not converted in any way to accommodate it to
the type of the other operands in the expression. For example, 1in
L*R, where L 1is type logical and R is type real, the expression is
evaluated without converting L to type real.

5.6 CONSTANT EXPRESSIONS

A constant expression 1is an arithmetic constant expression (see
Section 5.1.2), a character constant expression (see Section 5.2.1),
or a logical constant expression (see Section 5.3.1).






CHAPTER 6

EXECUTABLE AND NONEXECUTABLE STATEMENTS

Each statement is classified as executable or nonexecutable.
Executable statements specify actions and form an execution sequence
in a program. Nonexecutable statements do the following:

1. Specify characteristics, arrangement, and initial wvalues of
data

2., Contain editing information
3. Specify statement functions
4., Classify program units
5. Specify entry points within subprograms
Nonexecutable statements are not part of the execution sequence.

Nonexecutable statements may be 1labeled, but such statement labels
must not be used to control the execution sequence.

6.1 EXECUTABLE STATEMENTS
The following statements are classified as executable:

1. Arithmetic, logical, statement label (ASSIGN), and character
assignment statements

2. Unconditional GO TO, assigned GO TO, and computed GO TO
statements

3. Arithmetic IF, logical IF statements, and two-branch 1logical
IF statements, IF THEN, ELSE, and ELSE IF THEN statements

4. CONTINUE statement

5. ©STOP and PAUSE statements

6. DO and DO WHILE statements

7. READ, REREAD, WRITE, REWRITE, and PRINT statements
8. DELETE and UNLOCK statements

9. OPEN and CLOSE statements

1a. REWIND, BACKSPACE, ENDFILE, BACKFILE, SKIPRECORD, SKIPFILE,
FIND and UNLOAD statements
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11. CALL and RETURN statements

12. END, END IF, and END DO statements
13. DECODE and ENCODE statements

14. ACCEPT, PUNCH, and TYPE statements

15. INQUIRE statement

6.2 NONEXECUTABLE STATEMENTS
The following statements are classified as nonexecutable:

1. PROGRAM, FUNCTION, SUBROUTINE, ENTRY, and BLOCK DATA
statements

2. DIMENSION, COMMON, EQUIVALENCE, IMPLICIT, PARAMETER,
INTRINSIC, EXTERNAL, and SAVE statements

3. INTEGER, REAL, DOUBLE PRECISION, COMPLEX, LOGICAL, and
CHARACTER type-specification statements

4. DATA statement

5. FORMAT statement

6. Statement function statement
7. INCLUDE statement

8. NAMELIST statement

6.3 ORDERING OF FORTRAN STATEMENTS

The order in which you place FORTRAN statements in a program unit is
important. Certain types of statements must be processed before
others to guarantee that compilation takes place as you expect.

Figure 6-1 shows the required order of statements and comment lines
within a program unit. Horizontal lines indicate (from the top of the
diagram to the bottom) the order in which statements and comment lines
must appear in a program. ‘For example, a PROGRAM statement must occur
before FORMAT statements. FORMAT statements, in turn, must occur
before an END statement,

Vertical 1lines in the diagram indicate how comment 1lines and
statements may be interspersed in the program. For example, PARAMETER
statements must be placed after all PROGRAM, FUNCTION, or SUBROUTINE
statements, and before all statement function and executable
statements. PARAMETER statements can be placed before, after, or
between all IMPLICIT and other specification statements. Comment
lines may be interspersed anywhere in a program.

Generally if FORTRAN encounters statements that are out of place, it
prints warning messages and continues compilation. 1In some cases,
however, out-of-place statements cause the compiler to terminate
compilation or generate unexpected results,
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PROGRAM, FUNCTION, SUBROUTINE, or
BLOCK DATA! Statements
IMPLICIT
Statements
PARAMETER
Statements
Other
Comment Specification
Lines Statements
and
INCLUDE? FORMAT
Statements and
Entry? NAMELIST Slatement
Statements aD?\qr A Definitions
Statements
Executable
Statements

END Statement

1 BLOCK DATA subroutines cannot contain any executable statements, statement

functions, FORMAT statements, EXTERNAL statements, INTRINSIC statements,
or NAMELIST statements (See Section 14.1).

The ENTRY statement is allowed only in functions or subroutines. All executable
statements which reference any dummy parameters must physically follow the
ENTRY statement unless the references appear in the FUNCTION statement, the
SUBROUTINE statement, or in a preceding ENTRY statement.

3 The placement of an INCLUDE statement is dictated by the types of statements to

be included. MR-S-3822-85

Figure 6-1: Ordering of FORTRAN Statements

NOTE

In FORTRAN-10/20, a DATA statement can precede a

PARAMETER statement or another specification
statement.
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6.4 COMPILATION CONTROL STATEMENTS

You use compilation control statements to identify FORTRAN programs
and to specify their termination. Statements of this type do not
affect either the operations performed by the object program, or the
manner in which the object program is executed. The three compilation
control statements are:

1. PROGRAM statement
2. INCLUDE statement
3. END statement

The PROGRAM statement and the INCLUDE statement are described in the
following sections. The END statement is described in Section 9.8.

6.4.1 PROGRAM Statement

This statement allows you to give the main program a name other than
the compiler-assumed name "MAIN." The general form of a PROGRAM
statement is:

PROGRAM name
where:

name is a symbolic name that begins with an alphabetic
character and contains a maximum of six characters.
(See Section 4.1 for a description of symbolic names.)

The PROGRAM statement must be the first statement in a program unit.
(see Section 6.3 for a discussion of the ordering of FORTRAN
statements.)

6.4.2 INCLUDE Statement

This statement allows you to include code segments or external
declarations in a program unit without having them in the same file as
the primary program unit. When an INCLUDE statement 1is encountered
during compilation, the compiler replaces the INCLUDE statement with
the contents of the specified file. The general form of the INCLUDE
statement is:

INCLUDE 'filespec [/switch]'

where:
filespec is a TOPS-10 or TOPS-20 file specification (refer
to the TOPS-10 or TOPS-20 Operating System
Commands manual). The only restriction is that
under TOPS-10 you cannot specify subdirectory
information.
switch is one of the following optional switches:

/CREF indicates the included statements
are to be wused to augment the
cross-reference listing (default).
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JLIST indicates that the statement in the
specified file 1is to be listed in
the compilation source listing. A

number indicating the depth of
nesting of include files precedes
each statement listed (default).

/NOLIST indicates that the included
statements are not to be printed in
the compilation listing.

/NOCREF indicates that the included
statements are not to be used to
augment the cross-reference
listing.

The following rules govern the use of the INCLUDE statement:

1.

3.

The INCLUDEd file can contain any legal FORTRAN statement
except a statement that terminates the current program unit,
such as the END, PROGRAM, FUNCTION, SUBROUTINE, or BLOCK DATA
statements.

The INCLUDEd file can contain other INCLUDE statements. This
is called nesting INCLUDE statements. The number of nested
levels is restricted to 12.

The proper placement of the INCLUDE statement within a
program unit depends wupon the types of statements to be
INCLUDEdA. (See Section 6.3 for information on the ordering
of FORTRAN statements.)

The file to be INCLUDEd must be on disk.

Note that an asterisk (*) is appended to the 1line numbers of the

INCLUDEQ4

statements on the compilation listing. The level of nesting

is indicated following the asterisk.






CHAPTER 7

SPECIFICATION AND DATA STATEMENTS

Specification statements are used to specify type characteristics,
storage allocation, and data arrangement. There are ten types of
specification statements:

1. DIMENSION

2. Statements that explicitly specify type, including INTEGER,
REAL, DOUBLE PRECISION, COMPLEX, LOGICAL, or CHARACTER

3. IMPLICIT

4, COMMON

5. EQUIVALENCE
6. EXTERNAL

7. INTRINSIC
8. PARAMETER
9. DATA
10. SAVE

Specification statements are nonexecutable and must conform to the
ordering guidelines described in Section 6.3.

7.1 DIMENSION STATEMENT

The DIMENSION statement provides FORTRAN with information needed to
identify and allocate the space required for arrays. You may specify
any number of subscripted array names as array declarators in a
DIMENSION statement. The general form of a DIMENSION statement is:

DIMENSION a(d) [,a(d)...]
where:
each a(d) is an array declarator. An array declarator
provides the name and dimension(s) of an array.
An array declarator is written 1in the following
form:

a(d [,d...])
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where:
a is the symbolic name of the array.
d is the array dimension declarator. The form of a dimension

declarator is as follows:

{ d1: ] a2
where:
dl is an optional integer expression or integer

variable specifying the 1lower dimension bound.
The lower dimension bound is the first element in
that dimension of the array. If d1 1is not
specified the default is 1.

a2 is an integer expression or integer variable that
specifies the upper dimension bound. The upper
dimension bound is the greatest element in that
dimension of the array. You must have at least
one d2 specification in each array declaration.

If both 41 and d2 are specified, dl1 cannot have a
value greater than d42. The values dl and d2 can,
however, be the same.

An asterisk (*) can also occur as an upper bound,
but only as the last dimension. An asterisk marks
the declarator as an assumed-size array declarator
(see Section 7.1.2).

NOTE

A dimension bound expression must not contain a
function or array element reference.

If the array is a dummy argument to a subprogram, then dl and d2 can
be integer dummy arguments and d2 can be an asterisk; otherwise, they
must be constants.

If the symbolic name of a constant or variable that appears in a
dimension bound expression 1is not of implicit default integer type
(see Section 4.2), it must be specified integer by an IMPLICIT
statement or a type-statement.

Examples:

DIMENSION EDGE (-1:1,4:8), NET (5,10,4), TABLE (567)
DIMENSION TABLE (IAB:J,K,M,10:20)

where:

IAB, J, K, and M are of type integer.
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7.1.1 Adjustable Dimensions

When used within a subprogram, a declarator for an array that is a
dummy argument can use integer dummy arguments as dimension bounds.
The following rules govern the use of adjustable dimensions in a
subprogram:

1. The array name must be a dummy argument. FEach variable that
is used as a dimension bound must be either a dummy argument
or in COMMON (see Section 7.4).

2. For multiple entry subprograms, if any variables that specify
dimension bounds are dummy arguments which do not occur in
the formal argument list of the entry point used, the value
of the variables as passed for a previous call are used.
However, this is only permitted if the subprogram has not
changed those dummy arguments. Futhermore, when overlays are
used, a SAVE statement that preserves the local variables of
the subprogram is needed.

3. If the value of an array dimension variable is altered within
the program, the dimensionality of the array is not affected.

4, The size of an array within a subprogram cannot exceed the
size of the original array, as defined in the calling
program.

Example 1:

SUBROUTINE SBR (ARRAY,M1,M2,M3,M4)
DIMENSION ARRAY (M1:M2,M3:M4)
DO 27 L=M3,M4
DO 27 K=M1,M2
ARRAY (K,L)=VALUE
27  CONTINUE
END

In the example above, the dimensions of ARRAY will be re-specified
each time the subroutine SBR is entered.

Example 2:

SUBROUTINE SBl (ARR1,M,N)
DIMENSION ARR1 (M,N)

ARRL (M,N)=VALUE

ENTRY SB2(ARR1,M)

ENTRY SB3(ARR1,N)

ENTRY SB4 (ARR1)

END

In the example above, the first call made to the subroutine must be
made to SBl so that all of the dimension bounds have defined values.
If a call is made to SBl with the values M=11 and N=13, a succeeding
call to SB2 will use the value N=13, but will give M a new value. If
a succeeding call is made to SB4, the 1last values passed through
entries SB1l, SB2, or SB3 are used for M and N.
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7.1.2 Assumed-size Arrays

An assumed-size array is a dummy array for which the wupper bound of
the last dimension is specified as an asterisk(*), for example:

SUBROUTINE SUB(A,N)
DIMENSION A(l:N,1l:*)

Since storage for array A is allocated in the «calling routine, the
upper bound of the rightmost dimension of A does not affect the
subscript calculations or storage allocation for A.

Therefore, subroutine SUB can be written to handle arguments with any
rightmost dimension (the last subscript is never range checked for
being too large, even when the /DEBUG:BOUNDS compiler: switch is
specified). Such a subroutine can declare assumed-size arrays.

The size of an assumed-size array, and the number of elements that can
be referenced, are determined as follows:

1. If the actual argument corresponding to the dummy array is a
noncharacter array name, the size of the dummy array is the
size of the actual-argument array.

2. If the actual argument corresponding to the dummy argument is
a noncharacter array element name, with a subscript value of
s in an array of size a, the size of the dummy array is:
a+l-s,

3. If the actual argument is a character-array name,
character-array element name, or character-array element
substring name, and begins at character storage unit b of an
array with n character storage units, the size of the dummy
array is INT((n+l-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:

1. An array name in the list of an I/O statement
2. A unit identifier for an internal file in an I/0 statement
3. A format specifier in an I/0 statement

4, A NAMELIST statement element

7.2 TYPE SPECIFICATION STATEMENTS

Type specification statements explicitly declare the data type of
variables, arrays, or function names. You can give an array name in a
type specification statement, either alone (unsubscripted) to declare
the type of all its elements, or with dimension bounds, to specify
both its type and dimensions.

There are two forms of type specification statements: numeric type
specification (see Section 7.2.1) and character type specification
(see Section 7.2.2).
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7.2.1 Numeric Type Specification Statements
The general form of numeric type specification statements is:

type vi,v...]

where:

type can be any one of the following declarators:
1. INTEGER
2, REAL
3. DOUBLE PRECISION
4, COMPLEX
5. LOGICAL

v is a variable, array, or function name to be declared

the specified type. The names listed must be separated
by commas and can appear in only one type statement
within a program unit.

Examples:

INTEGER A, B, TABLE, FUNC
REAL R, M, ARRAY(5:10,10:20,5)

If a name that is the same as an intrinsic FORTRAN function name
appears in a conflicting type statement, it is assumed that the name
refers to a user-defined routine, variable, or array of the given
type. If you place a generic FORTRAN function name in an explicit
type statement, it loses its generic properties.

NOTE

The data type size modifier, *n, 1is accepted by
FORTRAN~10/20 to be compatible with the type
statements wused by other manufacturers. You may
append this size modifier to the declarators, causing
some to elicit messages warning users of the form of
the variable specified by FORTRAN-10/20:

Declarator Form of Variable Specified
INTEGER*2 Full word integer with warning message
INTEGER*4 Full word integer

LOGICAL*1 Full word logical with warning message
LOGICAL*2 Full word logical with warning message
LOGICAL*4 Full word logical

REAL*4 Full word real

REAL*8 Double-precision real

COMPLEX*8 Complex

COMPLEX*16 Complex with warning message

REAL*16 Double-precision real with warning message
COMPLEX*32 Complex with warning message
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In addition, you can append the data
type size modifier to individual
variables, arrays, or function names.
Its effect 1is to override, for the
particular element, the size modifier
(explicit or implicit) of the primary
type. For example,

REAL*4 A, B*8, C*8(10), D
A and D are single-precision (one word)

real, and B and C are double-precision
(two words for each element) real.

7.2.2 Character Type Specification Statements
The form of the character type specification statement is:

CHARACTER [*len{,]] v[*len) [,v([*len]]...

where:
v is one of the following:
e The name of a symbolic constant, variable, array, or
function subprogram
® An array declarator
len is the length of the character data item and is one of the

following:
® An unsigned, nonzero integer constant

® An integer constant expression enclosed in parentheses
and with a positive value

® An asterisk enclosed in parentheses

If you specify CHARACTER*len, len is the default length specification
for that 1list. If an item in that 1list does not have a length
specification, the item's length is len. But if an item does have a
length specification, it overrides the default length specified in
CHARACTER*1len.

A length specification of asterisk (for example, CHARACTER* (*))
specifies that a dummy argument or function name assumes the length
specification of the corresponding actual argument or function
reference (see Chapter 13). A length specification of asterisk for
the symbolic name of a constant specifies that the symbolic constant
assumes the actual length of the constant that it represents.

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 character
type declaration statement to define arrays by including array
declarators (see Section 4.3.2) in the list. 1If you specify both an
array declarator and a length, the array bounds precede the 1length,
the form is:

al[(d)][*1len]
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where:
a is an array name, and a(d) is an array declarator.
Examples of character type specification statements follow:
CHARACTER*32 SOCSEC(100)*9, NAMES (100)
The above statement specifies an array SOCSEC comprising one hundred
9-character elements, and an array NAMES comprising one hundred

32-character elements.

PARAMETER (LENGTH=4)
CHARACTER* (4+LENGTH) LAST, FIRST

The above statements specify two 8-character variables, LAST and
FIRST. (The PARAMETER statement is described in Section 7.8.)

SUBROUTINE S1 (BUBBLE)
CHARACTER LETTER(26), BUBBLE* (*)

The above statements specify an array LETTER comprising twenty-six
l-character elements and a dummy argument, BUBBLE, which has a length
defined by the calling program.

CHARACTER*16 QUEST* (5*INT(A))

The above statement is invalid. The length specifier for QUEST is not
an integer constant expression.

7.3 IMPLICIT STATEMENTS
IMPLICIT statements declare the data type of variables and functions
according to the first letter of each symbolic name. The IMPLICIT
statement has two forms:
IMPLICIT type (al,al...)[,type (al,al...)]...
IMPLICIT NONE
As shown in the statement above, an IMPLICIT statement counsists of one
or more type declarators separated by commas. Each type declarator
has the form:
type (al,al...)
where:
type can be any one of the following declarators:
1. INTEGER
2. REAL
3. DOUBLE PRECISION
4, COMPLEX
5. LOGICAL

6. CHARACTER[*1len]
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a is an alphabetic specification in either of the general
forms: ¢ or cl-c2, where ¢, ¢cl, or c2 is an alphabetic
character. The 1latter form specifies a range of
letters, from ¢l through ¢2, which must occur in
alphabetical order.

When you specify type as CHARACTER*len, len specifies the 1length for
character data type. Len is an unsigned, nonzero integer constant or
an integer constant expression enclosed in parentheses and with a
positive value. If you do not specify a length, a length of one is
assumed.

Each letter in a type declarator list specifies that each symbolic
name (not declared in an explicit +type specification statement)
starting with that letter is assigned the data type named in the
declarator. For example, the statement:

IMPLICIT REAL (R,M,N,O0)

declares that all names that begin with the letters R, M, N, or O are
type REAL names, unless declared otherwise in an explicit type
statement.

NOTE

Type declarations given in an explicit type
specification override those also given in an IMPLICIT
statement. IMPLICIT declarations do not affect
intrinsic functions. The 1length is also overridden
when a particular name appears in a CHARACTER or
CHARACTER FUNCTION statement (see Chapter 13).

You may specify a range of letters within the alphabet by writing the
first and last letters of the desired range separated by a dash, for
example, A-E for A,B,C,D,E.

Thus, the statement:
IMPLICIT INTEGER (I,L-P)

declares that all symbolic names that begin with the letters
I,L,M,N,0, and P are of type INTEGER.

You may use more than one IMPLICIT statement, but they must appear
before any other declaration statement in the program unit. (See
Section 6.3 for a discussion on ordering FORTRAN statements.)

The same letter must not appear as a single lettér, or be included in
a range of letters, more than once in all of the IMPLICIT statements
in a program unit.

You can use an IMPLICIT NONE statement to provide warning messages for
variables not explicitly declared, including variables implicitly
declared by other IMPLICIT statements. If you specify IMPLICIT NONE,
no other IMPLICIT statement should be included in the program unit.

7.4 COMMON STATEMENT

The COMMON statement enables you to establish storage that may be
shared by two or more programs and/or subprograms, and to name the
variables and arrays that are to occupy the common storage. The use
of common storage conserves storage and provides a means to reference
the same data in different subprograms without passing arguments.

7-8
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COMMON statements have the following form:

COMMON [/cb/] nlist[[,)/[cb]l/nlist]...

where:
cb is an optional common block name. (See Section 4.1 for
the rules for symbolic names.)
nlist is a list of variable names, array names, and array

declarators that are to occupy the common area. The
items specified for a common area (block) are ordered
within storage as they are 1listed in the COMMON
statement.

The items in nlist must be either all numeric data type or all
character data type. A common block cannot contain both numeric and
character data.

A symbolic name can be used to identify each block. However, you can
omit the symbolic name for one block in a program unit. This
unlabeled block is called the blank common block.

The elements of a named common block can be assigned initial values by
DATA statements appearing in the BLOCK DATA subprograms (see Chapter
14). In standard-conforming programs, the elements of the blank
common block may not be assigned initial wvalues. However,
FORTRAN-10/20 allows any common block elements to be defined in a DATA
statement in any program unit.

A given common block name may appear more than once in the same COMMON
statement, and in more than one COMMON statement within the same
program or subprogram.
When extended addressing is in effect, COMMON blocks reside 1in the
larxge data area by default. However, the /EXTEND:COMMON or
/EXTEND:NOCOMMON switches can be used to explicitly allocate COMMON
blocks in the large data area or small data area (see Section 16.5).
During compilation of a source program, FORTRAN strings together all
items 1listed for each common block in the order in which they appear
in the source program. For example:

COMMON X,Y,Z/ST1/A,B

COMMON/ST1/TST(3,4)/ST2/TAB (2, 2)

COMMON/ST2/C,D,E//P,Q

COMMON W
has the same effect as the single statement:

COMMON X,Y,Z%,P,Q,W/ST1/A,B,TST(3,4)/ST2/TAB(2,2),C,D,E
All elements specified for a common block are placed into one area.

Common block names must be unique with respect to all subroutine,
function, and entry point names.
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NOTE

If you use overlays, you can use the SAVE statement to
retain the value of variables in a named common across
overlays (see Section 7.10). (Blank common is always
saved.)

For example:

Main Program Subprogram
COMMON DELTA,LENGTH SUBROUTINE CALC
COMMON /COM1/KILOS,PRICE COMMON/COM1 /N, A

. COMMON Z,KOUNT
CALL CALC .

The COMMON statements in the main program put DELTA and LENGTH into
the blank common block, and put KILOS and PRICE into a common block
named COM1. )

The COMMON statements in the subroutine make Z correspond to DELTA in
the main program, KOUNT correspond to LENGTH, N correspond to KILOS,
and A correspond to PRICE.

To prevent conflict with other COMMON blocks, LINK requires that the
largest definition for each common block be loaded first.

7.4.1 Dimensioning Arrays in COMMON Statements

Array names with dimension bounds can be given in COMMON statements.
However, variables cannot be used as dimension bounds in a declarator
appearing in a COMMON statement; adjustable dimensioning is not
permitted in COMMON,

Each array name given in a COMMON statement must be dimensioned either
by the COMMON statement or by another dimensioning statement within
the program or subprogram that contains the COMMON statement, but not
both.

For examples,

COMMON /A/B(100), C(10,10)
COMMON X (5,15),Y(5)

7.4.2 Character Data in COMMON

Each character variable in a COMMON block is allocated to start at the
first available character position.

For example,

CHARACTER B*3,C*3,D(3)*2
COMMON B,C,D
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The COMMON block will be allocated in the following way:

> @

C D(1) D(2) D(3) Unused
2 Y4 A N/ A r A7 A

A
N
I 1 B T T P I IR

4 AY4

0 7 14 21 28 35 0 7 14 21 28 3 0 7 14 21 28 35

MR-5-2527-83

where x means the bits are not used.

7.5 EQUIVALENCE STATEMENT

The EQUIVALENCE statement associates two or more variables with the
same storage location.

The format of the EQUIVALENCE statement is:
EQUIVALENCE (nlist) [, (nlist...)]
where:

nlist is a list of variable names, array elements, array
names, and character substring references separated by
commas and enclosed in parentheses. You must specify
two or more of these items in each list.

In an EQUIVALENCE statement, each expression in a subscript or a
substring reference must be an integer constant expression.

The EQUIVALENCE statement allocates all of the items in one
parenthesized 1list beginning at the same storage location. For
example, the statements:

EQUIVALENCE (A,B,C)
EQUIVALENCE (LOC,SHARE(3))

specify that the variables A; B, and C are to share the same storage
location, and that the variable LOC and the array element SHARE (3) are
to share the same location.

The relationship of equivalence is transitive. For example, the
following statements have the same effect:

EQUIVALENCE (A,B),(B,C)
EQUIVALENCE (A,B,C)

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*16, STAR*10
EQUIVALENCE (KEY,STAR)

You can equivalence variables of different numeric data types.
Character variables must not be equivalenced to numeric variables.
For example, you can equivalence a real variable equivalent to a
complex variable. In this case, since each complex variable occupies

7-11



SPECIFICATION AND DATA STATEMENTS

two words of storage, and each single-precision variable occupies one
word of storage, if you equivalence a real and a complex variable, the
real variable shares storage with the real part of the complex
variable. Figure 7-1 depicts the shared storage when a complex
variable is equivalenced with a real variable.

Source Program Statements:

COMPLEX A
REAL B
EQUIVALENCE (A,B)

1. Memory Location Stores: Real Part of Complex A
AorB or Entire Real B

2. Second Part of Stores: Imaginary Part of
Memory Location A Complex A

|-———— 36-Bit Word ———»

MR-S-1764-81

Figure 7-1: Shared Storage using EQUIVALENCE Statement

The EQUIVALENCE statement does not imply (or perform) any type
conversions. If you equivalence a real variable and an integer
variable, the data within the equivalenced location will be treated as
a real or integer number, depending on whether it is referenced by the
real or integer variable.

If you equivalence a real variable with a double-precision variable,
the data in the high-order word of the double-precision variable will
be used by the real variable. For positive D-floating
double-precision numbers (see Section 3.4), the high-order word is in
the same format as a single-precision number.

For G-floating double-precision numbers (KL model B only - see Section
3.4), the high-order word is not in the format of a single-precision
number. Thus, equivalencing a real variable and a G-floating
double-precision variable will produce incorrect results.

Equivalencing a negative D-floating number and a real variable may not
produce correct results either, for example the number:

577000000000 000000000001 (the negative of 200777777777
777777777777, almost 1.0)

does not have a valid single-precision number in its high-order word.

If you equivalence an array and a variable, the array does not assume
any of the properties of the variable, and the variable does not
assume any of the properties of the array.

When you use an array element in EQUIVALENCE statements, it must have
either as many subscripts as dimensions of the array, or only one
subscript. In either case, the subscripts must be integer constants.
Note that the single subscript case treats the array as a
one-dimensional array of the given type.
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The following example shows the effect of equivalencing a
l-dimensional and a 2-dimensional array:

DIMENSION A(3,2),B(6)
EQUIVALENCE (A(l,1),B(1l))
or
EQUIVALENCE (A(1l),B (1))

In this example, each array element of array A shares the same storage
area with an element of array B:

A(l,1) B(l)
A(2,1) B(2)
A(3,1) B(3)
A(1,2) B(4)
A(2,2) B(5)
A(3,2) B(6)

Specifying an array name without subscripts in an EQUIVALENCE
statement is the same as specifying the first element of the array.

When you make one character substring equivalent to another character
substring, the EQUIVALENCE statement also sets equivalences between
the other corresponding characters in the character strings, for
example,

CHARACTER NAME*16, ID*9
EQUIVALENCE (NAME(10:13), ID(2:5))

As a result of these statements, the character variables NAME and 1ID
share space as illustrated in Figure 7-2.

NAME

Character

Position
1
2
3
4
5
6
7 ID

Character
8 Position
9 1
10 2
11 3
12 4
13 5
14 6
15 7
16 8
9

MR-8-2523-83

Figure 7-2: Equivalence of Substrings
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The following statement also aligns the variables as shown in Figure
7-2:

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.

Character elements of arrays can overlap at any character position,
for example:

CHARACTER FIELDS (6)*4, STAR(5)*5
EQUIVALENCE (FIELDS(l) (2:4), STAR(2) (3:5))

As a result of these statements, the character arrays FIELDS and STAR
share storage space as shown in Figure 7-3.

STAR
Character
Position Subscript
1 1
2
3
FIELDS 4
Character 5
Subscript  Position 1 2
1 1 2
2 3
3 4
4 5
2 1 1 3
2 2
3 3
4 4
3 1 5
2 1 4
3 2
4 3
4 1 4
2 5
3 1 5
q 2
5 1 3
2 4
3 5
4
6 1
2
3
4

MR-§-2524-83

Figure 7-3: Equivalence of Character Arrays
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General EQUIVALENCE Restrictions:

1.

You cannot cause two different elements of an array to become
equivalenced to each other. Thus, the following statement
Ssequence is prohibited because it specifies the same storage
location (B) for A(l) and A(2):

DIMENSION A(2)
EQUIVALENCE (A(1),B),(A(2),B)

An EQUIVALENCE statement must not specify that two
consecutive locations are nonconsecutive., For example, the
following statement sequence is prohibited because B(l) takes
two storage locations, the second of which would make A(2)
nonconsecutive to A(l):

INTEGER A(2)
DOUBLE PRECISION B(2)
EQUIVALENCE (A(l),B(l)), (A(2),B(2))

An EQUIVALENCE statement in a SUBROUTINE or FUNCTION
subprogram must not refer to an argument of the subprogram.
For example, the following statement sequence is prohibited:

SUBROUTINE A(B,C)
EQUIVALENCE (B,X)

You cannot cause two different substrings of the same
character variables or arrays to become equivalenced to each
other. For example, the following statement sequence is
prohibited because it specifies the same substring B(1l:3) for
A(l:3) and A(2:4):

CHARACTER A (3)%4,B*4
EQUIVALENCE (A(l)(1:3),B(1l:3)), (A(l) (2:4),B(1:3))

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. For
example, the following statement sequence is prohibited
because it would require the character variable B(2:2) to be
equivalent to both A(l)(2:2) and A(l)(1:1):

CHARACTER A(2)*10,B*10
EQUIVALENCE (A(l)(1:3),B(1:3)), (A(1l) (4:6),B(5:7))

Restrictions on EQUIVALENCE and COMMON :

1.

You cannot use the EQUIVALENCE statement to equivalence two
elements in different common blocks. Thus, the following

- statement sequence is prohibited:

COMMON /BLOCK1/A,B,F/BLOCK2/C,D,E
EQUIVALENCE (A,C)

You cannot set two quantities declared in a COMMON block to
be equivalent to one another. Thus, the following statement
sequence is prohibited:

COMMON A,B,C
EQUIVALENCE (A,C)
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Quantities placed in a common area by means of an EQUIVALENCE
statement are permitted to extend the end of the common area
forward. For example, the statements:

COMMON/R/X,Y,Z
DIMENSION A(4)
EQUIVALENCE (A,Y)

cause the common block R to extend from Z to A(4) arranged as
shown in Figure 7-4.

Location X

Location Y and A(1)

Shared Locations
Location Z and A(2)

Location A(3)

Location A(4)

MR-8-1746-81

Figure 7-4: Valid Equivalencing

You cannot use EQUIVALENCE statements that cause the start of
a common block to be extended backwards. For example, the
invalid sequence:

COMMON/R/X,Y,Z
DIMENSION A(4)
EQUIVALENCE (X,A(3))

would require A(l) and A(2) to extend the starting location
of block R in a backwards direction as illustrated in Figure
7-5.

Location A(1)

Location A(2)

Location X and A(3)

Causes COMMON R to Extend Backward
Location Y and A(4)

Location Z

MR-8-1747-81

Figure 7-5: Invalid Equivalencing
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7.5.1 EQUIVALENCE and Extended Addressing

When extended addressing is in effect, and an EQUIVALENCE statement
causes a variable to be in COMMON, that variable resides in the same
psect as the rest of the COMMON block.

For variables not in COMMON, if you equivalence a large variable
(default 10,000 or more words) with other wvariables (including
scalars), all these variables will reside in the 1large data psect.
For example,

REAL A(20000) ,X
EQUIVALENCE (A(l),X)

causes variable X to be placed in the large data psect, since it is
equivalenced with a large array.

Conversely, if each equivalence variable is small (default less than
10,000 words), they will reside in the small data psect, even if the

total size of the equivalence class is over the small variable 1limit.
For example,

REAL A(8000),B(8000)
EQUIVALENCE (A(8000), B(1l))

The arrays will reside in the small data psect, because each one is
smaller than 10,000 words.

See Sections 15.4.11 and 16.5 for nmore information on extended
addressing.

7.6 EXTERNAL STATEMENT

Any user subprogram name to be used as an argument to another
subprogram must appear in an EXTERNAL statement in the calling
subprogram. The EXTERNAL statement declares names to be subprogram
names to distinguish them from other variable or array names.

The subprograms mentioned in the EXTERNAL statement cannot be FORTRAN
intrinsic functions; they can be only user-supplied functions,
subroutines, or block data subprograms. (The INTRINSIC statement
discussed in Section 7.7 allows intrinsic function names to be used as
arguments.) The EXTERNAL statement has the following form:

EXTERNAL proc|,proc...]
where:

proc is the symbolic name of a user-supplied subprogram, the
name of a dummy argument associated with the name of a
subprogram, or a block data 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 subsequent references to SIN
are to a user-supplied function name SIN, not to the intrinsic
function of the same name.

The name specified in an EXTERNAL statement can be used as an actual

argument to a subprogram, which can then use the corresponding dummy
argument in a function reference or a CALL statement.

7-17
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NOTE

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 function reference is not, therefore,
defined in an EXTERNAL statement.

- The interpretation of the EXTERNAL statement described above is

different from that of earlier versions of FORTRAN-10/20. If the
/NOF77 compiler switch is specified (see Sections 16.1.3 and 16.2.3),
the subprogram names can be intrinsic functions.

For compatibility with previous versions of FORTRAN-10/20, the names
of external subprograms can be preceded by an asterisk (*) or an
ampersand (&) within an EXTERNAL statement. For example,

EXTERNAL *SIN, &COS

declares SIN and COS to be user subprograms. (If a prefixed name is
not an intrinsic function, then the prefix is ignored.)

Note that specifying an intrinsic function in an EXTERNAL statement
without a prefix (that is, EXTERNAL SIN) has no effect upon the usage
of the function name outside of actual argument lists. If the name
has generic properties, they are retained outside the actual argument
list. (The name has no generic properties within an argument list.)

The names declared in a program EXTERNAL statement are reserved

throughout the compilation of the program, and cannot be used in any
declarator statement other than a type statement.

7.7 INTRINSIC STATEMENT
The INTRINSIC statement allows you to use intrinsic function names as
arguments to subprograms. See Section 13.1 for further information on
intrinsic functions.
The INTRINSIC statement has the form:

INTRINSIC fun(,fun]...
where:

fun 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 subprogram, which can use the corresponding
dummy argument in a function reference or a CALL statement.

The appearance of a generic function name in an INTRINSIC statement
does not cause that name to lose its generic property.
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NOTE

You cannot use a generic-only name in an INTRINSIC
statement. The generic name must be the same as an

instrinic function name. For example,
INTRINSIC LOG

is illegal because there is no function named 'LOG'.
LOG is the generic name that selects between functions
such as ALOG, DLOG, or CLOG.

Only one appearance of a symbolic name is permitted in all of the
INTRINSIC statements of a program unit. Also, a symbolic name must
not appear in both an EXTERNAL and an INTRINSIC statement in a program

unit.

An example of the wuse of the EXTERNAL and INTRINSIC statements
follows:

Main Program

.

EXTERNAL CTN
INTRINSIC SIN, COS

CALL TRIG (ANGLE,SIN,SINE)

CALL TRIG (ANGLE,COS,COSINE)

.

CALL TRIG(ANGLE,CTN,COTANT)

Subprograms

SUBROUTINE TRIG(X,F,Y)
Y = F(X)

RETURN

END

FUNCTION CTN (X)
CTN = COS (X)/SIN (X)
RETURN

END

In this example, when TRIG is called with a second argument of SIN or
C0S, the function reference F (X) references the math 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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7.8 PARAMETER STATEMENT

The PARAMETER statement allows you to define constants symbolically
during compilation.

The general form of the PARAMETER Statement is:

PARAMETER (p=cl[,p=cl...)

where:
p is a symbolic name.
c is a constant expression (except for expressions involving

multiplication, division, or exponentiation of complex
numbers) . (See Chapter 3 for a description of FORTRAN
constants.)

The constant acquires the same data type as the symbolic name. If the
symbolic name is of type integer, real, double precision, or complex,
the corresponding expression (c) must be an arithmetic constant
expression (see Section 5,1.2). If the symbolic name is of type
character or logical, the corresponding expression (c) must be a
character constant expression (see Section 5.2.1) or a logical
constant expression (see Section 5.3.1), respectively.

The data type of a symbolic name defined to be a constant is specified
by a type-statement or IMPLICIT statement preceding the defining
PARAMETER statement. Also, if the length specified for the symbolic
name of a character constant is not the default length of one, its
length must be specified by a type-statement or IMPLICIT statement
preceding the symbolic name of the constant.

NOTE

The form and the interpretation to the PARAMETER
statement described above are different from those of
the PARAMETER statement provided in earlier versions
of FORTRAN-10/20. The earlier version is described
below. This form and interpretation can still be
used, however a warning message will be issued. This
form of the PARAMETER statement is:

PARAMETER p=c[,p=c...]

The symbolic name acquires the same data type as the
constant.

During compilation, the symbolic names are replaced by their
associated constants, provided the following rules are observed:

1. Symbolic names may appear only where FORTRAN constants are
acceptable.

2. Symbolic name references must appear after the PARAMETER
statement definition.

3. Symbolic names must be unique with respect to all other names
in the program unit.
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4., Symbolic names must not be redefined in subsequent PARAMETER
statements.
5, Symbolic names must not be used as part of another constant,
such as within a character constant or as the count for a

Hollerith constant.

6. Symbolic names must not be used as part of a format
specification.

7.9 DATA STATEMENT

DATA statements are used to supply the initial values of variables,
arrays, array elements, substrings, and COMMON areas.

The form of theé data statement is:

DATA nlist/clist/ [[,lnlist/clist/]...

where:
nlist identifies a set of items to be initialized.
clist contains the set of values to be assigned the items in

nlist.
For example, the statement:
paTA IA/5/,IB/10/,IC/1l5/

initializes variable IA to the value 5, variable IB to the value 10,
and variable IC to the value 15. The number of storage locations you
specify in the list of variables must be equal to the number of
storage locations you specify in its associated list of values. If
not, a warning message is output.

When the value list specifies more storage locations than the variable
1ist, the excess values are ignored. When the value list specifies
fewer storage locations than the variable list, the excess variables
are not initialized.

The nlist portion of each nlist/clist/ set can contain the names of
one or more variables, array names, array elements, character
substring names, or labeled COMMON variables. You may specify an
entire array (unsubscripted array name) or a portion of an array in a
DATA statement nlist as an implied DO loop construct. (See Section
10.4.9.2 for a description of implied DO loops.)

The form of an implied-DO list in a DATA statement is:

(dlist,i=nl,n2[,n3})

where:
dlist is a list of array element names, character substring
names, or implied-DO lists.
i is the name of an integer variable, called the 1loop
index variable.
nl,n2,n3 are integer expressions that can contain integer

constants and loop index variables.

7-21
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For example, the statement:
DATA (NARY(I),I=1,5)/1,2,3,4,5/

initializes the first five elements of array NARY as NARY (1) =1,
NARY (2)=2, NARY (3)=3, NARY (4)=4, and NARY (5) =5,

When you use an implied DO loop in a DATA statement, the loop index
variable must be of type INTEGER, and the Initial, Terminal, and
Increment parameters of the loop must be of type INTEGER.

In a DATA statement, references to an array element or substring must
be integer expressions in which all terms are either integer constants
or indices of embracing implied DO 1loops. These types of integer
expressions can include the exponentiation operator.

The clist portion of each nlist/clist/ set can contain one or more
numeric, logical, Hollerith, octal, hexadecimal, or character
constants. You may specify 1literal data as either a Hollerith
specification, for example, 5HABCDE, or a string enclosed in single
quotes, for example, 'Abcde'. Each ASCII data item is stored
left-justified and is padded with blanks if necessary.

When you assign the same value to more than one item in nlist, a
repeat specification may be used. The repeat specification has the
form:

n*d
where:

n is an integer that specifies how many times the value d is
to be used. For example, a clist specification of /3*20/
specifies that the value 20 is to be assigned to the first
three items named in the preceding list. The statement:

DATA M,N,L/3*20/
assigns the value 20 to the variables M, N, and L.

When the specified data type is not the same as that of the variable
to which it is assigned, FORTRAN converts the data item to the type of
the variable. The type conversion is performed using the rules given
for type conversion in arithmetic assignments. (See Table 8-1.)
Octal, logical, Hollerith, hexadecimal, and character constants are
not converted.

Sample Statement Result

DATA PRINT,I,O/'TEST',30,"77/,(TAB(J),J=1,30)/30*5/ The first 30
elements of
array TAB are
initialized to

5.0.

DATA((A(I,J),I=l,5),J=1,6)/30*l.0/ No conversion
required.

DATA((A(I,J),I=5,10),J=6,15)/60*2.0/ No conversion
required.
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When character variables are initialized, length conversions are made.
The conversion is based on the following rules:

1. If the constant contains fewer characters than the length of
the element in nlist, the rightmost character positions of
the element are initialized with spaces.

2. If the constant contains more characters than the length of
the element in nlist, the character constant is truncated to
the right.

Character constants and Hollerith constants can also be wused to
initialize numeric variables. The character string is stored left
justified in the numeric variable. When the character string
specified 1is longer than one numeric variable can hold, the string is
stored left justified across as many variables as are needed to hold
it. If necessary, the last variable used is padded with blanks up to
its right boundary.

For character variables, each variable or array element must have
exactly one character constant in the data list.

For example, assuming that X, ¥, and Z are single-precision, the
statement:

DATA X,Y,%/‘abcdefghijkl’'/
causes:

X to be initialized to 'abcde'
¥ to be initialized to 'fghij'
7 to be initialized to 'klbbb'

When a character string is to be stored in double-precision and/or
complex variables, and the specified string is only one word long, the
second word of the variable is padded with blanks.

For example, assuming that the variable C is complex, the statement:
DATA C/'ABCDE','FGHIJ'/

causes the first word of C to be initialized to 'ABCDE' and its second

word to Dbe initialized to 'bbbbb'. The string 'FGHIJ' is ignored.

The first word contains the real part of the complex variable; the

second word contains the imaginary part.

In addition, the following two forms of bit data constants are allowed
in DATA statements:

0'di...dn'

Z'hi...hn'
where di are octal digits and hi are hexadecimal digits with A-F
representing the decimal equivalent of 10-15. These constants are

right-justified. Note that you can also use the double quote (") form
of octal constants as described in Section 3.7.
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7.10 SAVE STATEMENT

The SAVE statement retains the values stored in a variable, array, or
common block after execution of a RETURN or END statement in a
subprogram.

The SAVE statement has the following form:
SAVE [a[,a)...]
where:

a is a named common block name (preceded and followed by a
slash), a variable name, or an array name.

NOTE

Ordinarily, the values of all variables are retained
after execution of a RETURN or END statement.
However, when overlays are used, the SAVE statement
must be used to ensure retention of values.

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
unit. If the entity is in a common block, however, it may be
redefined in another program unit that references that common.

Procedure names, the names of variables and arrays in a common block,
and dummy argument names 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.

If a particular common block name is specified by a SAVE statement in
a subprogram of an executable program, it must be specified by a SAVE
statement in every subprogram in which that common block appears.

NOTE

It is not necessary to use the SAVE statement to
retain the value of a blank common block; the
definition status of blank common is automatically
retained after a RETURN or END statement.

Also, when the SAVE statement is wused, it is not
necessary to specify the LINK switch /OVERLAY:WRITABLE
when loading a program.
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ASSIGNMENT STATEMENTS

Assignment statements assign values to variables, array elements, or
character substrings. There are four kinds of assignment statements:

1. Arithmetic assignment statements (see Section 8.1)
2. Logical assignment statements (see Section 8.2)

3, Statement Label assignment (ASSIGN) statements (see Section
8.3)

4. Character assignment statements (see Section 8.4)

8.1 ARITHMETIC ASSIGNMENT STATEMENT

You use statements of this type to assign numeric values to numeric
variables or array elements. Arithmetic assignment statements have
the form:

v=e
where:
\ is the name of the numeric variable or array element that is
to receive the specified value.
e is an arithmetic expression.

In assignment statements, the equal symbol (=) does not imply equality
as it would in algebraic expressions; it implies replacement. For
example, the expression v=e is interpreted as "the contents of the
location identified as v are to be replaced by the value of expression
e; the previous contents of v are lost."

When the type of the specified variable or array element name differs
from that of its assigned value, FORTRAN converts the value to the
type of its assigned variable or array element. Table 8-1 describes
the type conversion operations performed by FORTRAN for each possible
combination of variable and value types.
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Table 8-1: Rules for Conversion in Mixed-Mode Assignments

Expression Variable Type (v)
Type (e)
REAL INTEGER COMPLEX DOUBLE- LOGICAL CHARACTER
PRECISION

Real D C R,I H,L D X
Integer F D R,F,I M D X
Complex R C,R D R,L R X
Double- 0 N H,I D H X

precision

Logical D D R,I H,L D X
Octal D D R,I H,L D X
Hollerith D% D% D& D& D% X
Character X X X X X D
Double- H H D# D H X
Octal*

Legend

Direct replacement

Conversion from real to integer with truncation, overflow is
possible

Conversion from integer to real with rounding

Real part only

Set imaginary part to 0

High-order only

Set low-order part to 0

Convert with no truncation and no rounding

Convert with rounding; truncation can occur and overflow is
possible

Round to one word of precision, overflow is possible

Not allowed

XO Zr@ImTM™m QU
wnwnno

Notes

* Octal numbers with 13 to 24 digits are termed double-octal.
Double-octals require two storage locations. They are stored
right-justified and are padded with zeros to fill the
locations.
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& Use the first two words of the Hollerith constant. If the
Hollerith constant 1is only one word long, the second word is
padded with blanks.

2 Use the first word of the Hollerith constant.
# To convert double-octal numbers to complex, the low-order octal

digits are assumed to be the imaginary part, and the high-order
digits are assumed to be the real part of the complex value.

8.2 LOGICAL ASSIGNMENT STATEMENTS

Statements of this type are used to assign values to variables and
array elements of type logical. Logical assignment statements have
the following form:

v=e

where:
v is the name of a variable or array element
e is a logical expression

For example, assuming that the variables L, F, M, and G are of type
logical, the following statements are valid:

Sample Statement Results

L=, TRUE. The contents of L are replaced by
logical truth.

F=,NOT.G The contents of F are replaced by
the complement of the contents of
G.

M=A,.GT.T

or
M=A>T If A 1is greater than T, the

contents of M are replaced by
logical truth; if A is less than or
equal to T, the contents of M are
replaced by logical false. This
can also be read: If A is greater
than T, then M is true, otherwise,
M is false.

L=((I.GT.H).AND. (J<=K)) The contents of L are replaced by

either the true or false resultant
of the expression.

8.3 ASSIGN (STATEMENT LABEL) ASSIGNMENT STATEMENT

The ASSIGN statement is used to assign a statement label constant (a 1
to 5 digit statement number) to a variable name. The form of the
ASSIGN statement is:

ASSIGN s TO i



ASSIGNMENT STATEMENTS

where:
s is a statement number in the current program unit.
i is a variable name.

For example, the statement:
ASSIGN 2000 TO LABEL

specifies that the variable LABEL references the statement number
2000.

With the exception of complex, double-precision, or character, you can
use any type of variable in an ASSIGN statement.

Use the ASSIGN statement in conjunction with assigned GO TO control
statements (see Chapter 9), or as a format identifier in an I/0
statement (See Chapter 10). The ASSIGN statement sets up statement
label variables that are then referenced in subsequent GO TO control
statements, or in format specifiers in I/0 statements, The following
sequence illustrates the use of the ASSIGN statement:

555 TAX=(A+B+C)*,05

.

ASSIGN 555 TO LABEL

GO TO LABEL

8.4 CHARACTER ASSIGNMENT STATEMENT

The character assignment statement assigns the value of the character
expression on the right of the equal sign to the character variable,
array element, or substring on the left of the equal sign,

The form of the character assignment statement is:

v=e
where:
v is a character variable, array element, or substring.
e is a character expression.

If the length of the expression on the right side of the assignment is
greater than the length of the variable on the left side, the
character expression is truncated on the right.

If the length of the expression on the right side of the assignment is
less than the length of the variable on the left side, the character
expression is filled on the right with blanks.
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FORTRAN-10/20 allows overlap between the character expression and the
character variable, array element, or substring. (That 1is, the
character positions defined in the character variable, array element,
or substring can be referenced in the character expression.) For
example, the following assignments are allowed:

CHARACTER *4 A,B
DATA A/'abcd'/,B/‘'efgh'/

A(l:3)
B(2:4)

A(2:4)
B(l:3)

After the above assignment statements, A is 'bcdd', and B is 'eefqg'.

The expression must be of character data type. You cannot assign a

numeric value to a character variable, array element, or substring.

Note that assigning a value to a character substring does not affect
character positions in the character variable or array element 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.
All variables and arrays in the examples are assumed to be of
character data type.

Valid
FILE = 'PROG2'
REVOL (1) = 'MAR'//'CIA’
LOCA(3:8) = 'PLANTS5'

TEXT (I,J+1) (2:N-1) = NAME//X

Invalid
'ABC' = CHARS (the left side must be a character variable,
array element, or substring reference)
CHARS = 25 (expréssion on the right must be of character
data type)






CHAPTER 9

CONTROL STATEMENTS

FORTRAN object programs normally execute statement by statement in the
order in which they were presented to the compiler. The following
control statements, however, enable you to alter the normal sequence
of statement execution:
1. CALL (Section 13.4.2.2)
2. CONTINUE (Section 9.5)
3. DO (Section 9.3)
4. DO WHILE (Section 9.3.2)
5. ELSE (Section 9.2.4)
6. ELSE IF THEN (Section 9.2.4)
7. END (Section 9.8)
8. END DO (Section 9.4)
9. END IF (Section 9.2.4)
10. GO TO (Section 9.1)
11. IF (Section 9.2)
12. IF THEN (Section 9.2.4)
13. STOP (Section 9.6)
14. PAUSE (Section 9.7)
15. RETURN (Section 13.4.4)
The CALL and RETURN statements are described in Sections 13.4.2.2 and

13.4.4, respectively. The remaining statements are described in this
chapter.

9.1 GO TO STATEMENTS

A GO TO statement causes the statement that it identifies to be
executed next, regardless of its position within the program.

There are three kinds of GO TO statements: Unconditional (see Section
9.1.1), Computed (see Section 9.1.2), and Assigned (see Section
2.1.3).
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9.1.1 Unconditional GO TO Statements

An unconditional GO TO statement transfers program control to the
specified statement label.

The form of the unconditional GO TO statement is:

GO TO s
where:
s is a statement label of an executable statement.

For example:
GO TO 300

You can position an unconditional GO TO statement anywhere in the
source program, except as the terminating statement of a DO loop.

9.1.2 Computed GO TO Statements
The form of a computed GO TO statement is:

GO TO (s [,s)...)[,] e

where:
(s[,s)...) is a list of statement labels.
e is an integer expression.

You may include any number of statement labels in the 1list of a
computed GO TO statement. However, each statement label must appear
within the program unit containing the GO TO statement. The same
statement label can appear more than once in the list.

The value of the expression must be an integer value (it will be
truncated if necessary) that is greater than 0 and less than or equal
to the number of statement labels given in the list. If the value of
the expression is not within this range, the next sequential statement
is executed.

When a computed GO TO statement is executed, the 'value of the
expression 1is computed first. The value of the expression specifies
the position of the label (within the given list of statement labels)
that identifies the statement to be executed next. For example, in
the statement sequence:

GO TO (20, 10, 5)K
CALL XRANGE (K)

the variable K acts as a switch, causing a transfer to statement 20 if
K=1, to statement 10 if K=2, or to statement 5 if K=3. The subprogram
XRANGE is called if K is less than 1 or greater than 3.
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9.1.3 Assigned GO TO Statements

The form of an assigned GO TO statement is:
Go TO0 i [[,] (s [,s]...)]

where:

i is a variable name and the optional parenthesized list is a
list of statement labels. The statement labels specified
must appear within the program unit containing the GO TO
statement.

Assigned GO TO statements must be logically preceded by an ASSIGN
statement (see Section 8.3) that assigns a statement label value to
the variable 1i. The assigned GO TO statement transfers program
control to the label that has been ASSIGNed.

The statement label value assigned must appear within the same program
unit as the GO TO statement that uses that value. In statements with
a specified list, if i is not assigned one of the statement label
values given in the list, the next sequential statement is executed.

Examples:

ASSIGN 300 TO STATL
GO TO STATI1
GO TO STAT1,(177,300,777)

9.2 IF STATEMENTS

There are four kinds of IF statements: arithmetic (see Section
9,2,1), logical (see Section 9.2.2), logical two-branch (see Section
9.2.3), and block IF (see Section 9.2.4).

9.2.1 Arithmetic IF Statements

The form of the arithmetic IF statement is:
IF (e) sl, s2, s3

where:

e is an expression enclosed within parentheses and sl, s2, and
s3 are statement labels of three executable statements
appearing within the program unit containing the IF
statement. The expression e must not be of type complex.
The same statement label can appear more than once in the IF
statement.

This type of IF statement transfers control of the program to one of
the given statements according to the computed value of the given
expression. If the value of the expression is:

1. Less than 0, control is transferred to the statement
identified by label sl.

2, Equal to 0, control 1is transferred to the statement
identified by label s2.
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3. Greater than 0, control 1is transferred to the statement
identified by label s3.

Examples:

IF(ETA)4, 7, 12 Transfers control to statement 4 if
ETA 1is negative, to statement 7 if
ETA is 0, and to statement 12 if
ETA is greater than 0.

IF (KAPPA-L (10))20, 14, 14 Transfers control to statement 20
if KAPPA 1is 1less than the 10th
element of array L and to statement
14 if KAPPA 1is greater than or
equal to the 10th element of array
L.

9.2.2 Logical IF Statements

The form of the logical IF statement is:

IF (e) st
where:
e is any expression. The expression must not be of type
complex.

st is an executable statement,

If the value of the expression is true (negative), control is
transferred to the executable statement within the IF statement. 1If
the value of the expression is false (nonnegative), control is
transferred to the next sequential executable statement. The
statement you give in a logical IF statement may be any executable
statement except a DO statement, an END statement, or another logical
IF statement.

Examples:
IF(T.OR.S) X=Y+1 Performs an arithmetic
assignment operation if the
result of the IF is true.

IF(Z.GT.X(K)) CALL SWITCH(S,Y) Performs a subroutine call if
the result of the IF is true.

IF (K.EQ.INDEX) GO TO 15 Performs an unconditional

transfer if the result of the
IF is true.

9.2.3 Logical Two-Branch IF Statements
The format of a logical two-branch IF statement is:

IF (e) sl, s2
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where:

e is any expression, and sl and s2 are statement labels
appearing within the program unit containing the IF
statement. The expression must not be of type complex.

Logical two-branch IF statements transfer control to either statement
sl or s2, depending on the computed value of the given expression. If
the value of the given logical expression is true (negative), control
is transferred to statement sl. If the value of the expression is
false (nonnegative), control is transferred to statement s2.

Examples:
IF (LOGl) 10,20 Transfers control to statement 10
if LOG1 is true (negative);
otherwise transfers control to

statement 20.
IF (A.LT.B.AND.A.LT.C) 31,32 Transfers control to statement 31
if A is less than both B and C;
transfers control to statement 32

if A is greater than or equal to
either B or C.

9.2.4 Block IF Statements

Block IF statements conditionally execute blocks (or groups) of
statements. The four block IF statements are:

e IF THEN

e ELSE IF THEN

e ELSE

e END IF
These statements are used in block IF constructs. The block IF
construct has the following form, where the ELSE IF THEN and ELSE

statements are optional:

IF (e) THEN
block

ELSE IF (e) 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.

9-5
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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 values of logical
expressions in the preceding block IF statements. A statement block
can be empty.

The IF THEN statement begins a block IF construct. The Dblock
following it is executed if the value of the logical expression in the
IF THEN statement is true. The first statement of the block cannot
directly follow the THEN on the same line. For example, the following
is illegal:

IF (T.LT.X) THEN T = X
The correct form is:

IF (T.LT.X) THEN
T = X

The ELSE statement specifies a statement block to be executed if no
preceding statement block in the block IF construct was executed. The
ELSE statement is optional.

The ELSE IF THEN statement is similar to the ELSE statement, except it
requires an additional condition for execution. The ELSE IF THEN
statement specifies a statement block to be executed if both the value
of the 1logical expression in the ELSE IF THEN statement is true, and
no preceding statement block in the block IF construct was executed.
A Dblock IF construct can contain any number of ELSE IF THEN
statements. The ELSE IF THEN statement is optional.

The END IF statement terminates the block IF construct.

Figure 9-1 describes the flow of control for four examples of block IF
constructs.
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block,

block,
ELSE

block,
END IF

ELSE IF (e;) THEN

ELSE IF (e;) THEN
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False
IF (e) THEN
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END IF
Execute
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IF (e) THEN
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END IF Execute Execute
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Figure 9-1:

After the last statement in a statement
passes to the

statement.

next

executable
Consequently, at most one statement block in

Examples of Block IF Constructs

statement

block is
following

executed,

MR-8-2525-83

control
the END IF
a block 1IF

construct is executed each time the IF THEN statement is executed.

9-7
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ELSE IF THEN and ELSE statements can have statement labels, but these
labels cannot be referenced. The END IF statement can have a
statement label to which control can be transferred, but only from
within the block IF construct.

Section 9.2.4.1 describes restrictions on statements in a statement
block. Section 9.2.4.2 describes examples of block IF constructs.
Section 9.2.4.3 describes nested block IF constructs.

9.2.4.1 Statement Blocks - A statement block can contain any
executable FORTRAN statement except an END statement (see Section
9.8). You can transfer control out of a statement block, but you
cannot transfer control back into the block. Note that you cannot
transfer control from one statement block into another.

DO loops cannot overlap statement blocks. When a statement block
contains a DO statement (see Section 9.3), it must also contain the DO
loop's terminal statement or END DO statement. Conversely, if a block
IF construct appears within the range of a DO loop, the corresponding
END IF statement must also appear within the range of that DO loop.

9.2.4.2 Block IF Examples - The simplest block IF construct consists
of the 1IF THEN and END IF statements; this construct conditionally
executes one statement block.

Form Example

IF (e) THEN IF (LOWER.LE.UPPER) THEN
block MIDDLE= (LOWER+UPPER) /2

END IF END IF

The statement block consists of all the statements between the IF THEN
and END IF statements.

The IF THEN statement first evaluates the 1logical expression (e),
(LOWER.LE.UPPER), 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 statement; the block is not
executed.

The following example contains a block IF construct with an ELSE IF
THEN statement:

Form Example

IF (el) THEN IF (ITEM.LT.A(MIDDLE)) THEN
blockl UPPER=MIDDLE-1

ELSE IF (e2) THEN ELSE IF (ITEM.GT.A(MIDDLE)) THEN
block?2 LOWER=MIDDLE+1

END IF END IF

Blockl consists of all 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 ITEM is less than A(MIDDLE), blockl is executed.

If ITEM 1is not 1less than A(MIDDLE), but ITEM is greater than
A(MIDDLE), block2 is executed.
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If ITEM is not less than A(MIDDLE) and ITEM is not greater than
A(MIDDLE), neither blockl nor block2 is executed; control transfers
directly to the next executable statement after the END IF statement.

The following example contains a block IF construct with an ELSE
statement:

Form Example
IF (e) THEN IF (ITEM.GT.A(MIDDLE)) THEN
blockl LOWER=MIDDLE+1
ELSE ELSE
block?2 SEARCH=MIDDLE
RETURN
END IF END IF

Blockl consists of all the statements between the IF THEN and the ELSE
statements; block2 consists of all the statements between the ELSE and
the END IF statements.

If ITEM is greater than A(MIDDLE), blockl is executed.

If ITEM is not greater than A(MIDDLE), block2 is executed.

9.2.4.3 Nested Block IF Constructs - A block IF construct can be
included 1in 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.

The following example contains a nested block IF construct.
Form Example
FUNCTION SEARCH(A,N, ITEM)

CHARACTER* (*) A(N),ITEM
INTEGER SEARCH,N,LOWER,MIDDLE,UPPER

LOWER=1
UPPER=N
IF (e) THEN IF (LOWER,.LE.UPPER) THEN
MIDDLE= (LOWER+UPPER) /2
IF (e) THEN 10 IF (ITEM.LT.A(MIDDLE)) THEN
blocka UPPER=MIDDLE-1
blockl ELSE IF (e) THEN ELSE IF (ITEM.GT.A(MIDDLE)) THEN
blockb LOWER=MIDDLE+1
ELSE ELSE
blockc SEARCH=MIDDLE
RETURN
END IF END IF
GOTO10
END IF END IF
: 20 SEARCH=0
RETURN
END
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If LOWER is less than or equal to UPPER, blockl is executed. Blockl
contains a nested block IF construct. If ITEM is less than A(MIDDLE),
blocka is executed. 1If ITEM 1is greater than A(MIDDLE) blockb is
executed. If ITEM is equal to A(MIDDLE), blockc is executed.

If LOWER is greater than UPPER, control is transferred to the first

executable statement after the last END IF statement. The nested IF
construct is not executed.

9.3 DO STATEMENT

The two types of DO statements are:

1. Indexed DO (DO statement)
2. Pretested indefinite DO (DO WHILE statement)

The indexed DO statement is described in Section 9.3.1, and the DO
WHILE statement is described in Section 9.3.2.

9.3.1 1Indexed DO Statement

DO statements simplify the coding of iterative procedures; that is,
the statements in the DO statement range are executed repeatedly a
specified number of times.

The form of an indexed DO statement is:

Indexing Parameters

DO[s Lli = el, e2 [,3]
TERMINAL INCREMENT
STATEMENT (OPTIONAL)
LABEL TERMINAL — PARAMETER
INDEX PARAMETER
VARIABLE

INITIAL
PARAMETER

MR-S-1760-81

where:

s Terminal statement label s identifies the last statement of
the DO statement range. The statement must follow the DO
statement in the same program unit. If s is omitted, then
the 1loop must be terminated by an END DO statement (see
Section 9.4).

The terminal statement can be any executable statement other
than one of the following:

@ Unconditional or assigned GO TO statement
® Arithmetic IF or logical two-branch IF statement

e Block IF, ELSE IF, ELSE, or END IF statement



el

e2

e3
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e RETURN statement
e STOP statement

e END statement

e DO statement

If the terminal statement is a logical IF, it can contain any
executable statement except one of the following:

e DO statement

e Block IF, ELSE IF, ELSE, or END IF statement
e END statement

e Another logical IF statement

Index variable i is an unsubscripted numeric variable whose
value is defined at the start of the DO statement operations.
The index variable must not be of type complex.

The index variable 1is available for use throughout each
execution of the range of the DO statement, but altering its
value within the DO loop does not change the number of times
the DO loop will execute. The DO loop index variable is also
available for use in the program when:

a. Control is transferred outside the range of the DO 1loop
by a GO TO, IF, or RETURN statement located within the DO
range

b. Control is transferred outside the range of the DO loop
by an I1/0 statement with either or both the options END=
or ERR= (see Chapter 10)

c. A subprogram is executed from within the DO statement
range having the index variable as an argument or in
COMMON

Initial parameter el assigns the index variable i its initial
value. This parameter can be any expression, but cannot be
of type complex.

Terminal parameter e2 provides the value wused to determine
how many repetitions of the DO statement range are performed.
This parameter can be any expression, but cannot be of type
complex.

Increment parameter e3 specifies the value to be added to the
initial parameter (el) on completion of each cycle of the DO
loop. The increment parameter is optional. If e3 and its
preceding comma are omitted, e3 is assumed to be equal to 1.
This parameter can be any expression, but cannot be of type
complex.
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9.3.1.1 Executing an Indexed DO Statement - The indexing parameters
el, e2 or e3 can be any expressions. Their values are calculated only
once, at the start of each DO loop operation, to determine the values
for the initial, terminal, and increment parameters. If necessary,
the initial, terminal, and increment parameters are converted, before
use, to the data type of the index variable.

The number of times that a DO loop will execute, called the iteration
count, is specified by the formula:

MAX (INT ( (e2~el+e3) /e3) ,0)

If the iteration count is less than or equal to zero, the body of the
loop 1is not executed. The index variable retains its assigned value
(el).

NOTE

The interpretation of the iteration count described
above 1is different from that of earlier versions of
FORTRAN-10/20. If the /NOF77 compiler switch is
specified (see Sections 16.1.3 or 16.2.3), and the
iteration count is less than or equal to zero, the
body of the loop is executed once.

Since the iteration count is computed at the start of a DO loop
operation, changing the value of the loop index variable within the
loop cannot affect the number of times that the loop is executed.

At the start of a DO loop operation, the index value is set to the
value of the initial parameter (el); and the iteration count is
established.

9.3.1.2 DO Iteration Control - At the end of each DO loop cycle, the
following steps are executed:

1. The value of the increment parameter (e3) is added to the
index variable.

2. The iteration count is decremented.

3. If the iteration count 1is greater than zero, control
transfers to the first executable statement after the DO
statement for another iteration of the loop.

4. If the iteration count is less than or equal to zero,
execution of the DO loop terminates.

Exit from a DO loop upon completion of the number of iterations
specified by the 1loop count is referred to as a normal exit. If no
other DO loop shares the terminal statement, or if +this DO loop
statement 1is outermost, control passes to the first executable
statement after the terminal statement of the DO loop.

The final value of the index variable is the value determined by step
1.
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NOTE

The interpretation of the
above 1is different
FORTRAN-10/20. If

specified (see

the

index
from that of earlier versions of
/NOF 77
Sections 16.
value of the index variable of

variable described

compiler switch is
1.3 or 16.2.3), the final
the DO statement is

undefined after a normal loop exit.

Exit from a DO loop may also be accomplished by a transfer of

by a statement within
range of the DO statement.
(see Section 9.3.5).

When execution of a DO loop terminates, and other DO loops
transfers

terminal statement, control

control

the DO loop range to a statement outside the
This is called an extended range

DO 1loop

share 1its

outward to the next most

enclosing DO loop in the DO nesting structure (see Section 9.3.4).

Examples of DO Iteration Control:

DO 100 I
J=I

= 1,10
100

After execution of these statements,
switch is specified,

L=0
DO 200 K
L=K

5,1
200

After execution of these statements,
switch is specified,

9.3.2 DO WHILE Statement

The DO WHILE statement is similar to
Section 9.3.1. 1Instead of executing
DO WHILE statement executes for as
contained in the statement continues

I=11 and J=10. (If the /NOF77

I is undefined and J=10).

K=5 and (If the /NOF77

K is undefined and L=5).

the DO statement described
a fixed number of iterations,

long as a 1logical
to be true.

in
the
expression

The form of the DO WHILE statement is:

DO [s[,]] WHILE (e)
where:
s
follow in the same program
e is a logical expression.

The DO WHILE statement tests the logical expression at

of each execution of the loop,

the expression is true, the statements in the body

executed; if the expression is

statement following the loop.

is the label of an executable statement that must physically

unit.

the beginning

including the first., 1If the value of
of the 1loop are

false, control transfers to the

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).
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The following example demonstrates the use of the DO WHILE statement:

CHARACTER*132 LINE

I=1

LINE (132:) = 'X"

DO WHILE (LINE(I:I) .EQ, ' ')
I =1 +1

END DO

9.3.3 The Range of a DO Statement

The range of a DO statement is defined as the series of statements
that follows the DO statement, up to and including the specified
terminal statement or END DO statement.

If another DO statement appears within the range of a DO statement,
the range of that statement must be entirely contained within the
range of the first DO statement. More than one DO statement may have
the same labeled terminal statement but not wunlabeled END DO
statement. (See Section 9.3.4, Nested DO Statements.)

If a DO statement appears within an IF block, ELSE IF block, or ELSE
block (see Section 9.2.4), the range of the DO statement must be
contained entirely within that block.

If a block IF statement appears within the range of a DO statement,
the corresponding END IF statement must also appear within the range
of the DO statement.

9.3.4 Nested DO Statements

One or more DO statements can be contained within the range of another
DO statement. This is called nesting. The following rules govern the
nesting of DO statements:

1. The number of nested levels (DO 1loop within DO 1loop) is
restricted to 79 DO loops.

2. The range of each nested DO statement must be entirely within
the range of the containing DO statement (such as, they
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