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Foreword

ISO (the International Organization for Standardization) and IEC (the International
Electrotechnical Commission) form the specialized system for worldwide standardiz-
ation. National bodies that are members of ISO or IEC participate in the development
of International Standards through technical committees established by the respective
organization to deal with particular fields of technical activity. ISO and IEC technical
committees collaborate in fields of mutual interest. Other international organizations,

governmental ANd non-governmniental, in liaison with ISO and IEC, also take part in the
work.

In the field of|information technology, ISO and IEC have established a joint technical
committee, I$O/IEC JTC 1. Draft International Standards adopted by the joint
technical committee are circulated to national bodies for voting. Publication as an
International [Standard requires approval by at least 75 % of the national bodies
casting a vote

International Standard ISO/IEC 1539 was prepared by Joint Technical Committee
ISO/IEC JT( 1, Information technology.

This second eglition cancels and replaces the first edition (ISO 1539 : 1980), which has
been technically revised.

Annexes A, B, C, D, E and F are for information only.

xii
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Introduction

Standard programming language Fortran

This International Standard specifies the form and establishes the interpretation of programs expressed in
the Fortran language (known informally as “Fortran 90”). It consists of the specification of the language
F PV . . 1 e e . 4.1, the
ntax and semantics of the International Standard commonly known as “FORTRAN 77" are legntained
erftirely within this International Standard. Therefore, any standard-conforming FORTRAN 77 program is
sthndard conforming under this International Standard. New features can be compatibly.incogporated
info such programs, with any exceptions indicated in the text of this International Standard.

Alstandard-conforming Fortran processor is also a standard-conforming FORTRAN 77 processor.

Nbte that the name of this language, Fortran, differs from that in FORTRAN 77 ir that only the first|letter is
cdpitalized. Both ForTRaN 77 and FORTRAN 66 used only capital letters-inv'the official name| of the
lahguage, but Fortran 90 does not continue this tradition.

Qverview
Among the additions to FORTRAN 77 in this International Standard’ seven stand out as the major ones:
(1) Array operations

(2) Improved facilities for numerical computation

(3) Parameterized intrinsic data types

(4) User-defined data types

(5) Facilities for modular data and procedure definitions
(6) Pointers

(7)  The concept of language evolution

Al number of other additions™are also inciuded in this International Standard, such as improved source
form facilities, more contfoly Constructs, recursion, additional input/output facilities, and dynamically
allocatable arrays.

Alrray operations

Cpmputation involving large arrays is an important part of engineering and scientific computing. | Arrays
mhy be used“ds entities in Fortran. Operations for processing whole arrays and subarrays (array gections)
afle included”in the language for two principal reasons: (1) these features provide a more congise and
higher lével language that will allow programmers more quickly and reliably to develop and maintain
sdientific/engineering applications, and (2) these features can significantly facilitate optimization of array
operations on many COMmputer architectures.

The FORTRAN 77 arithmetic, logical, and character operations -and intrinsic (predefined) functions are
extended to operate on array-valued operands. The array extensions include whole, partial, and masked
array assignment, array-valued constants and expressions, and facilities to define user-supplied array-
valued functions. New intrinsic procedures are provided to manipulate and construct arrays, to perform
gather/scatter operations, and to support extended computational capabilities involving arrays. For
example, an intrinsic function is provided to sum the elements of an array.

xiii
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Numerical computation

Scientific computation is one of the principal application domains of Fortran, and a guiding objective for
all of the technical work is to strengthen Fortran as a vehicle for implementing scientific software.
Though nonnumeric computations are increasing dramatically in scientific applications, numeric
computation remains dominant. Accordingly, the additions include portable control over numeric
precision specification, inquiry as to the characteristics of numeric representation, and improved control
of the performance of numerical programs (for example, improved argument range reduction and scaling).

Parameterized character data type

cilities for multibyte character data for languages with large character sets, such as those in
Japan, are added by using a kind parameter for the character data type. This facility allows
haracter sets for special purposes as well, such as characters for mathematics, chemistry, “or

Optional {4
China and
additional
music.

Derived types

pe” is the term given to that set of features in this International Standardvthat allows the
r to define arbitrary data structures and operations on them. Data structures are user-defined
aggregatiorn}s of intrinsic and derived data types. Intrinsic uses of structured objects include assignment,
input/outplit, and as procedure arguments. With no additional derived-type-operations defined by the
user, the derived data type facility is a simple data structuring mechanisi: With additional operation
definitions,|derived types provide an effective implementation mechanism, for data abstractions.

“Derived ty
programme

Procedure
assignment

Hefinitions may be used to define operations on intrinsictor derived types and nonintrinsic
for intrinsic and derived types.

Modular definitions

In FORTRAN
units in an
for implem

no means i

known loc

77, there was no way to define a global dataiarea in only one place and have all the program
application use that definition. In additiom, the ENTRY statement is awkward and restrictive
bnting a related set of procedures, possibly“involving common data objects. Finally, there was
n FORTRAN 77 by which procedure definitions, especially interface information, could be made
illy to a program unit. These and _other deficiencies are remedied by a new type of program

unit that may contain any combination of ‘data object declarations, derived-type definitions, procedure

definitions,
to be a ge

and procedure interface information. This program unit, called a module, may be considered
eralization and replacement-for the block data program unit. A module may be accessed by

any program unit, thereby making,the module contents available to that program unit. Thus, modules
provide improved facilities forCdefining global data areas, procedure packages, and encapsulated data
abstractionk.

Pointers

Pointers all

and graphq.

Once such
object with

Language

ow arrays'to be sized dynamically and ranged, and structures to be linked to create lists, trees,
Anobject of any intrinsic or derived type may be declared to have the pointer attribute.
an_object becomes associated with a target, it may appear almost anywhere a nonpointer

evolution

With the addition of new facilities, certain old features become redundant and may eventually be phased
out of the language as their usage declines. For example, the numeric facilities alluded to above provide
the functionality of double precision; with the new array facilities, nonconformable argument association
(such as associating an array element with a dummy array) is unnecessary (and in fact is not useful as an
array operation); and block data program units are redundant and inferior to modules.

Xiv
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As part of the evolution of the language, categories of language features (deleted and obsolesc
provided which allow unused features of the language to be removed from future standards.

Organization of this International Standard

This document is organized in 14 sections, dealing with 7 conceptual areas. These 7 areas,
sections in which they are treated, are:

991 (E)

ent) are

and the

High/Low Level Concepts Sections 1, 2, 3
Data Concepts Sections 4, 5, 6
Computations Sections 7, 13
Execution Control Section 8
Input/Output Sections 9, 10
Program Units Sections 11, 12

Scoping and Association Rules  Section 14

I

igh/low level concepts

w

cludes the concept of an executable program and the relationships ameng its major parts. Also
afe the syntax of program units, the rules for statement ordering, nd the definitions of many
yndamental terms used throughout the document.

—
=

wv =,

bction 3 (Characters, Lexical Tokens, and Source Form) describes the low level elements of Fortr
the character set and the allowable forms for source\programs. It also contains the r
nstructing literal constants and names for Fortran entities;/and lists all of the Fortran operators.

38

ata concepts

he array operations (arrays as data objects) and data structures provide a rich set of data con
brtran.  The main concepts are those of data type, data object, and the use of data objects, w
pscribed in Sections 4, 5, and 6, respectively.

ection 4 (Intrinsic and Derived DatalTypes) describes the distinction between a data type and
bject, and then focuses on data type/ It defines a data type as a set of data values, correspondir
onstants) for representing thesé\values, and operations on these values. The concept of an intrin
pe is introduced, and the\properties of Fortran's intrinsic types (INTEGER, REAL, CO
DGICAL, and CHARACTER) are described. Note that only type concepts are described here,
e declaration and propeities of data objects.

0o

CT =0 W0 oo My

las
-

bction 4 also introduCes the concept of derived (user-defined) data types, which are compour

s W

_—
'~

ote that this‘Has no counterpart with intrinsic types as intrinsic types are predefined and therefq
bt—indeed~cannot—be redefined by the programmer). As with intrinsic types, this section de
ith type-properties, and not with the declaration of data objects of derived type.

betion 'S (Data Object Declarations and Specifications) describes in detail how named data ob

bction 2 (Fortran Terms and Concepts) contains many of the high level‘concepts of FortraT. This
n

cluded
r of the

in, such
iles for

cepts in
hich are

a data
g forms
sic data
MPLEX,

hnd not

d types

hose componerits)tultimately resolve into intrinsic types. The details of defining a derived type afe given

re need
hls only

ects are

aw s 3

bclared and given the desired properties (attributes). An important attribute (the only one requ

ired for

each data object) is the object’s data type, so the type declaration statement is the main feature of this

section. The various attributes are described in detail, as well as the two ways that attributes
specified (type declaration statements and attribute specification statements). Implicit typing and

may be
storage

association (COMMON and EQUIVALENCE) are also described in this section, as well as data object

value initialization.

Section 6 (Use of Data Objects) deals mainly with the concept of a variable, and describes the

various

forms that variables may take. Scalar variables include character strings and substrings, structured
(derived-type) objects, structure components, and array elements. Arrays are considered to be variables,
as are array sections. Among the array facilities described here are array sections (subarrays), and array

Xv
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allocation and deallocation (user controlled dynamic arrays). The section concludes with a summary of
the allowed appearances of array names.

Computations
A

Section 7 (Expressions and Assignment) describes how computations are expressed in Fortran. This
includes the forms that expression operands (primaries) may take and the role of operators in these
expressions. Operator precedence is rigorously defined in syntax rules and summarized in tabular form.
This description includes the relationship of defined operators (user-defined operators) to the intrinsic
operators (+, *, .AND., .OR,, etc.). The rules for both expression evaluation and the interpretation
{semantics) [of intrinsic and defined operators are described in detail.

Section 7 dlso describes assignment of computational results to data objects, which has three principal
forms: the| conventional assignment statement, the pointer assignment statement, and the WHERE
statement apd construct. The WHERE statement and construct allow masked array assignment,

Section 13 {Intrinsic Procedures) describes more than one hundred intrinsic procedures that provide a rich
set of computational capabilities. In addition to the FORTRAN 77 intrinsic functions, this.includes many
array procegssing functions, a comprehensive set of numerical environmental inquiry fanctions, and a set
of procedurles for the manipulation of bits in nonnegative integer data.

Execution [control

Section 8 (Execution Control) describes the control constructs (IF, CASE,<and DO), branching statements
(various fofms of GO TO), and other control statements (IF, arithmetic’IF, CONTINUE, STOP, and
PAUSE). These are as in FORTRAN 77 except for the addition of the CASE construct and the extension of
the DO logp to include an END DO termination option, additional control clauses, and the addition of
the EXIT agd CYCLE statements.

Input/output

Section 9 {Input/Output Statements) contains definitions for records, files, file connections (OPEN,
CLOSE, and preconnected files), data transfer statements (READ, WRITE, and PRINT) that include
processing ¢f partial and variable length records; file positioning, and file inquiry (INQUIRE).

Section 10| (Input/Output Editing) describes “input/output formatting. This includes the FORMAT
statement ahd FMT = specifier, edit descriptors, list-directed 1/O, and namelist 1/0.

Program units

Section 11 |(Program Units) descpibes main programs, external subprograms, modules, and block data
program units. Modules, aléng with the USE statement, are described as a mechanism for encapsulating
data and procedure definitions that are to be used by (accessible to) other program units. Modules are
described 3s vehicles tfor defining global derived-type definitions, global data object declarations,
procedure ljbraries, and ‘combinations thereof.

Section 12|(Precedures) contains a comprehensive treatment of procedure definition and invocation,
including that for user-defined functions and subroutines. The concepts of implicit and explicit procedure
interfaces a i ftrati iri fet i t i
governing actual and dummy arguments, and their association, are described.

Section 12 also describes the use of the OPERATOR option on interface blocks to allow function
invocation in the form of infix and prefix operators as well as the traditional functional form. Similarly,
the use of the ASSIGNMENT option on interface blocks is described as allowing an alternate syntax for
certain subroutine calls. This section also contains descriptions of recursive procedures, the RETURN
statement, the ENTRY statement, internal procedures and the CONTAINS statement, statement functions,
generic procedure names, and the means of accessing non-Fortran procedures.


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1639 : 1991 (E)

Scoping and association rules

Section 14 (Scope, Association, and Definition) explains the use of the term “scope” (especially important
now because of the addition of internal procedures, modules, and other new features), and describes the
scope properties of various entities, including names and operators. Also described are the general rules
governing procedure argument association, pointer association, and storage association. Finally, Section
14 describes the events that cause variables to become defined (have predictable values) and events that
cause variables to become undefined.

xvii
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Information technology — Programming languages —
Fortran

Section1 : Overview

1.} Scope

This International Standard specifies the form and establishes the interpretation of programs exprpssed in
the Fortran language. The purpose of this International Standard is to promote portability, reljability,
miintainability, and efficient execution of Fortran programs for use on a variety of eomputing systems.

1.2 Processor

The combination of a computing system and the mechanism by which programs are transformed|for use
o1 that computing system is called a processor in this International Standard.

—

.B Inclusions and exclusions

This International Standard specifies the bounds of the Fortran language by identifying both thoge items
included and those items excluded.

.1 Inclusions

This International Standard specitfies:

(1) The forms that a program written-in the Fortran language may take
(2)  The rules for interpreting thé.meaning of a program and its data

(3) The form of the input,data to be processed by such a program

(4) The form of the odtput data resulting from the use of such a program

-

.B.2 Exclusions

This International Standard does not specify:

(1) Thednechanism by which programs are transformed for use on computing systems
(2) _The operations required for setup and control of the use of programs on computing sysfems

(31~ The method of transcription of programs or their input or output data to or from a|storage
medium

(4) The program and processor behavior when the rules of this International Standard fail to

establish an interpretation except for the processor detection and reporting requirements in
items (2) to (8) of 1.4

(5) The size or complexity of a program and its data that will exceed the capacity of any specific
computing system or the capability of a particular processor

(6) The physical properties of the representation of quantities and the method of rounding,
approximating, or computing numeric values on a particular processor

(7) The physical properties of input/output records, files, and units

(8) The physical properties and implementation of storage
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1.4 Conformance

The requirements, prohibitions, and options specified in this International Standard refer primarily to
permissible forms and relationships for a standard-conforming program rather than for a processor.

An executable program (2.2.1) is a standard-conforming program if it uses only those forms and
relationships described herein and if the executable program has an interpretation according to this
International Standard. A program unit (2.2) conforms to this International Standard if it can be
included in an executable program in a manner that allows the executable program to be standard
conforming. :

A processor_conforms to this International Standard if.

(1) I} executes any standard-conforming program in a manner that fulfills the interpretations
erein, subject to any limits that the processor may impose on the size and complexity of ‘the
rogram.

prm  designated herein as deleted or obsolescent, insofar as such use can be detected by

h
¢
(2) I} contains the capability to detect and report the use within a submitted program tinit of a
f
reference to the numbered syntax rules and their associated constraints.

(3) 1} contains the capability to detect and report the use within a submitted program unit of an
jdditional form or relationship that is not permitted by the numbered syntax rules or their

ssociated constraints.

(4) 1} contains the capability to detect and report the use within a submitted program unit of kind
ype parameter values (4.3) not supported by the processor.

(=

(5) I contains the capability to detect and report the use, within a submitted program unit of
spurce form or characters not permitted by Section 3.

(6) I} contains the capability to detect and report the “use within a submitted program of name
ysage not consistent with the scope rules for names, labels, operators, and assignment symbols
in Section 14.

(7) 1} contains the capability to detect and report the use within a submitted program unit of
intrinsic procedures whose names are net-defined in Section 13.

(8) I} contains the capability to detect and report the reason for rejecting a submitted program.

However, in a format-specification that is.not part of a format-stmt (10.1.1), a processor is not required
to detect gr report the use of deleted or obsolescent features, or the use of additional forms or
relationships.

A standardfconforming processor may allow additional forms and relationships provided that such
additions d¢ not conflict withthe standard forms and relationships. However, a standard-conforming
processor mfay allow additiepal intrinsic procedures even though this could cause a conflict with the name
of a procedfire in a standard-conforming program. If such a conflict occurs and involves the name of an
external prdcedure, the) processor is permitted to use the intrinsic procedure unless the name is given an
interface bqgdy or<the EXTERNAL attribute in the same scoping unit (14). A standard-conforming
program myst not{use nonstanidard intrinsic procedures that have been added by the processor.

Note th t standard-conforming nrogram must not use anv forms ar relatianchine that ava ~eahihirad b
at a £PFOg Yy % FetoRSAHpS—thatarep DY

FODit

this International Standard, but a standard-conforming processor may allow such forms and relationships
if they do not change the proper interpretation of a standard-conforming program. For example, a
standard-conforming processor may allow a nonstandard data type.

Because a standard-conforming program may place demands on a processor that are not within the scope
of this International Standard or may include standard items that are not portable, such as external
procedures defined by means other than Fortran, conformance to this International Standard does not
ensure that a standard-conforming program will execute consistently on all or any standard-conforming
processors.
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In some cases, this International Standard allows the provision of facilities that are not completely
specified in the International Standard. These facilities are identified as processor dependent, and they
must be provided, with methods or semantics determined by the processor.

1.4.1 FORTRAN 77 compatibility

Except as noted in this section, this International Standard is an upward compatible extension to the
preceding Fortran International Standard, ISO 1539:1980, informally referred to as FORTRAN 77, and a
standard-conforming processor for this International Standard is a standard-conforming processor for
ForTRAN 77. Any standard-conforming FORTRAN 77 program remains standard conforming under this
Standard restricts the behavior for some features that were processor dependent in FORTRAN 77.
Therefore, a standard-conforming FORTRAN 77 program that uses one of these processor-dependent
feptures may have a different interpretation under this International Standard, yet remain a s
canforming program. The following FORTRAN 77 features have different interpretations [in this
International Standard:

(1) FORTRAN 77 permitted a processor to supply more precision derived/from a real constdnt than
can be contained in a real datum when the constant is used. ‘fo initialize a TOJOUBLE
PRECISION data object in a DATA statement. This Internatjonal Standard does not permit a
processor this option.

(2) If a named variable that is not in a common block is injtialized in a DATA statement ahd does
not have the SAVE attribute specified, FORTRAN 77 leftits SAVE attribute processor degendent.
This International Standard specifies (5.2.9) that this/named variable has the SAVE attribute.

(3) FORTRAN 77 required that the number of characters required by the input list must be l¢ss than
or equal to the number of characters in the record during formatted input. This International
Standard specifies (9.4.4.4.2) that the input\record is logically padded with blanks if there are
not enough characters in the record,tunless the PAD= '‘NO’ option is specified in an
appropriate OPEN statement. :

(4) This International Standard hastnore intrinsic functions than did FORTRAN 77 and adds a few
intrinsic subroutines. Therefore, a standard-conforming FORTRAN 77 program may |[have a
different interpretation under this International Standard if it invokes a procedure having the
same name as one of the'new standard intrinsic procedures, unless that procedure is specified
in an EXTERNAL statement as recommended for nonintrinsic functions in the appendix to the
FORTRAN 77 standafd)

1.0 Notation used-in this International Standard
In| this Internatiopal‘Standard, “must” is to be interpreted as a requirement; conversely, “must n¢t” is to
bq interpreted asla“prohibition.
1.5.1 Syntax rules

Syntax rules are used to help describe the form that Fortran lexical tokens, statements, and constructs
mpy_take. These syntax rules are expressed in a variation of Backus-Naur form (BNF) in which:

(1) Characters from the Fortran character set (3.1) are to be written as shown, except where
otherwise noted.

(2) Lower-case italicized letters and words (often hyphenated and abbreviated) represent general
syntactic classes for which specific syntactic entities must be substituted in actual statements.
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3)

(4)

(5)

(6)

An exampl

di

digit
digit
digit
digit
When spec

4

67

1999
10243852

1.5.2 Assu

In order

<
The follow

Some common abbreviations used in syntactic terms are:

attribute
declaration
definition
descriptor
operator

for
for
for
for
for

attr
decl
def
desc
op

statement
expression
specifier
integer
argument

for
for
for
for
for

stmt
expr
spec
int
arg

The syntactic metasymbols used are:

s Imtroduces a symntactic class definition

or introduces a syntactic class alternative

[] encloses an optional item

[] encloses an optionally repeated item
which may occur zero or more times

| continues a syntax rule

Fach syntax rule is given a unique identifying number of the form Rsnn, wheére s is a one- or
wo-digit section number and nn is a two-digit sequence number within‘that section. The
syntax rules are distributed as appropriate throughout the text, and are-veferenced by number
bs needed. Some rules in Sections 2 and 3 are more fully described.in later sections; in such
Fases, the section number s is the number of the later section where the rule is repeated. The
rules also are collected in Annex D.

The syntax rules are not a complete and accurate syntax description of Fortran, and cannot be
used to generate automatically a Fortran parser; wherera syntax rule is incomplete, it is
hccompanied by the corresponding constraints and text?

[Dbsolescent features (1.6) are shown in a distinguishing type size. This is an example of the size used
or obsolescent features.

g of the use of the syntax rules is:
it-string is digit | digit-] ...

ng forms are examples of forms for a'digit string allowed by the above rule:
digit

Higit digit digit

ligit digit digit digit digit digit digit

fic entities are substituted for digit, actual digit strings might be:

e d-syniecrule

L

to minimize the number of additional syntax rules and convey appropriate constraint

information, the following rules are assumed. The letters “xyz” stand for any legal syntactic class phrase:

xyz-list is xyz |, xyz]...
xyz-name is name
scalar-xyz is xyz
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Constraint:  scalar-xyz must be scalar.

1.5.3 Syntax conventions and characteristics

Pt

12

vl — . [¥s]

[aal o B ala

(1)

Any syntactic class name ending in “-stint” follows the source form statement rules: it must be
delimited by end-of-line or semicolon, and may be labeled unless it forms part of another
statement (such as an IF or WHERE statement). Conversely, everything considered to be a
source form statement is given a “-stmt” ending in the syntax rules.

The rules on statement ordering are described rigorously in the definition of program-unit
(R202-R216) Fxpression hierarchy is described rigorously in the definition of expr (R723).

(5)

(1)
(2)

5.4 Text conventions

6 Deleted and obsolescent features

6.1 Nature of deleted fteatures

16.2 Naturelof obsolescent features

The suffix “-spec” is used consistently for specifiers, such as keyword actual arguments and
input/output statement specifiers. It also is used for type declaration attribute-specifications
(for example, “array-spec” in R512), and in a few other cases.

When reference is made to a type parameter, including the surrounding parentheses, the term
“selector” is used. See, for example, “length-selector” (R507) and “kind-selector” (R505)

The term “subscript” (for example, R617, R618, and R619) isidsed consistently [n array
definitions.

h the descriptive text, the normal English word equivalent ph@ BNF syntactic term is usually used.
pecific statements and attributes are identified in the text)by the upper-case keyword, e.gl, “END
atement”. Boldface words are used in the text where they are first defined with a specialized mepning.

his International Standard protects the userscinvestment in existing software by including ajl of the
inguage elements of FORTRAN 77 that are-not processor dependent. This document identifies two
htegories of outmoded features. There arelnone in the first category, deleted features, which cqnsists of
batures considered to have been redundant in FORTRAN 77 and largely unused. Those in the second
htegory, obsolescent features, are considered to have been redundant in FORTRAN 77, but are gtill used
equently.

Better methods existed in FORTRAN 77.

These featurés are not included in this revision of Fortran.

Better methods existed in FORTRAN 77.

It is recommended that programmers use these better methods in new programs and convert
existing code to these methods.

(5)

(6)

These features are identified in the text of this document by a distinguishing type font (1.5.1).

If the use of these features has become insignificant in Fortran programs, it is recommended
that future Fortran standards committees consider deleting them from the next revision.

It is recommended that the next Fortran standards committee consider for deletion only those
language features that appear in the list of obsolescent features.

It is recommended that processors supporting the Fortran language continue to support these
features as long as they continue to be used widely in Fortran programs.
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1.7 Modules

This International Standard provides facilities that encourage the design and use of modular and reusable
software. Data and procedure definitions may be organized into nonexecutable program units, called
modules, and made available to any other program unit. In addition to global data and procedure
library facilities, modules provide a mechanism for defining data abstractions and certain language
extensions. Modules are described in 11.3.

A module may be standardized as a separate collateral standard. A standard module must not use any
obsolescent feature, nor any nonstandard form or relationship.

1.8 Normq

The followin
this Internat
are subject t
to investigat
Members of

1SO 8601:19
R
ISO 646:198
CCIR Recom

htive references

g standards contain provisions which, through reference in this text, constitute provisions,_of
onal Standard. At the time of publication, the editions indicated were valid. All standards
b revision, and parties to agreements based upon this International Standard are eficouraged
e the possibility of applying the most recent editions of the standards indicated below.
[EC and ISO maintain registers of currently valid International Standards.

B8, Data Elements and Interchange Formats—Information interchange—
epresentation of dates and times.

B8, Information processing— 15O 7-bit coded character set for information interchange.
mendation 460-2.
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Section 2 : Fortran terms and concepts

2.1 High level syntax

This section introduces the terms associated with program units and other Fortran concepts above the
construct, statement, and expression levels and illustrates their relationships. The syntax rule notation is
described in 1.5.1. Note that some of the syntax rules in this section are subject to constraints that are

1 1 . 1 - k-1 -
giyermonty at the appropriate praces T tater-sectrons:

R2P1  executable-program is program-unit
[ program-unit ] ...

Arl executable-program must contain exactly one main-program program-unit,

R2P2  program-unit is main-program

or external-subprogram
or module

or block-data

RIO1 rnain-program is | program-stmt |

[ specification-part |

{ execution-part |

[ internal-subprogram-part |
end-program-stmt

R203  external-subprogram is function-subprogram
or subroutine-subprogram

R1R15 function-subprogram is function-stimt

[ specification-part ]
[‘execution-part ]

{ internal-subprogram-part |
end-function-stmt

R1R19 subroutine-subprogram is subroutine-stmt

[ specification-part |

[ execution-part |

[ internal-subprogram-part |
end-subroutine-stmt

R1104 module is module-stmt

[ specification-part |

[ module-subprogram-part |
end-module-stmt

R1110< block-data is block-data-stmt
[ specification-part |
end-vlock-data-stmt

| use-stmt ] ...
[ implicit-part |
[ declaration-construct ] ...

—
wn

R204  specification-part

R205 implicit-part is | implicit-part-stmt | ...
implicit-stmt
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R206  implicit-part-stmt

R207 declaration-construct

is

or
or
or

or
or
or
or

implicit-stmt
parameter-stmt
format-stmt
entry-stmt

derived-type-def
interface-block
type-declaration-stmt
specification-stmt
parameter-stmt

R208  exegution-part

R209

exefution-part-construct

R210  intgrnal-subprogram-part

R211  intdrnal-subprogram

R212  molule-subprogram-part

R213  mofule-subprogram

R214  spetification-stmt

or
or
or

is

is

or
or
or

is
or

is

is

or
is

or
or
or
or
or
or
or
or
or
or
or
or

format-stit
entry-stmt
stmt-function-stmt

executable-construct
[ execution-part-construct | ...

executable-construct
format-stmt
data-stmt
entry-stimt

contains-stmt
internal-subprogram
[ internal-subprogram | ...

function-subprogram
subroutine-subprogram

contains-stmt
module-subprogram
| module-subprogram | ...

function-subprogram
subroutinessubprogram

access=stmt
allocatable-stmt
cannmonmn-stmt
data-stmt
dimension-stmt
equivalence-stmt
external-stmt
intent-stmt
intrinsic-stmt
namelist-stmt
optional-stmt
pointer-stmt
save-stmt

R215 executable-construct

or
is

or
or
or
or

target-stmt

action-stmt
case-construct
do-construct
if-construct
where-construct
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R216 action-stmt is allocate-stmt
or assignment-stmt
or backspace-stmt
or call-stmt
or close-stmt
or computed-goto-stmt
or continue-stmt
or cycle-stmt
or deallocate-stmt
or endfile-stmt

or end-function-stmt
or end-program-stmt
or end-subroutine-stmt
or exit-stmt

or goto-stmt

or if-stmt

or inquire-stimt

or nullify-stmt

or open-stmt

or pointer-assignment-stmt
or print-stmt

or read-stmt

or return-stmt

or rewind-stmt

or stop-stmt

or where-stmt

or write-stmt

or arithmetic-ifsstmt

or assign-stit

or assigned-goto-stmt

or _patise-stmt

(onstraint: An execution-part mustinot contain an end-function-stmt, end-program-stmt,
subroutine-stmt.

2.2 Program unit concepts

inction subprogram or a subroutine subprogram. A module contains definitions that are to
cessible to other program units. A block data program unit is used to specify initial values
jects in named common blocks. Each type of program unit is described in Section 11 or
ekternal subprogram is a subprogram that is not contained within a main program, a module, of
siibprogram. An internal subprogram is a subprogram that is contained within a main pro

other subprogram. A module subprogram is a subprogram that is contained in a module but
internal subprogram

or end-

Hrogram units are the fundamental components of a Fortran program. A program unit may bg a main
program, an external“subprogram, a module, or a block data program unit. A subprogram may be a
f

be made
for data
12. An
another
gram or
s not an

A program unit consists of a set of nonoverlapping scoping units. A scoping unit is
(1) A derived-type definition (4.4.1),

(2) A procedure interface body, excluding any derived-type definitions and procedure
bodies contained within it (12.3.2.1), or

interface

(3) A program unit or subprogram, excluding derived-type definitions, procedure interface bodies,

and subprograms contained within it.
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A scoping unit that immediately surrounds another scoping unit is called the host scoping unit.

221 Executable program

An executable program consists of exactly one main program unit and any number (including zero) of
other kinds of program units. The set of program units may include any combination of the different
kinds of program units in any order.

2.2.2 Main program.

The main program is described in 11.1.

2.2.3 Procedure

A procedure encapsulates an arbitrary sequence of computations that may be invoked directly~during
program execution. Procedures are either functions or subroutines. A function is a procedure)that is
invoked in fan expression; its invocation causes a value to be computed which is then used in_evaluating
the expressjon. The variable that returns the value of a function is called the result jvariable. A

subroutine
(12.4.4, 7.5
of the datal
function va

Procedures

is a procedure that is invoked in a CALL statement or by a defined assighment statement
.1.3). A subroutine may be used to change the program state by changing\the values of any
objects accessible to the subroutine; a function may do this in addition to computing the
ue.

are described further in Section 12.

2.2.3.1 Ext

rnal procedure

An external procedure is a procedure that is detined by an external‘subprogram or by means other than

Fortran. An external procedure may be invoked by the main~program or by any procedure of an
executable program.

2.2.3.2 Mqgdule procedure

A module grocedure is a procedure that is defined\by a module subprogram (R213). A module procedure
may be invpked by another module subprograni.in the module or by any scoping unit using the module.
The modulg containing the subprogram is calledthe host of the module procedure.

2233 Int

mal procedure

An intemalrprocedure is a procedure.that is defined by an internal subprogram (R211). The containing

main progr.
to its host i
its other int|

2234 Pro

The purpos|
to permit t
assignment.

m or subprogram is-called the host of the internal procedure. An internal procedure is local
h the sense that the\internal procedure is accessible within the scoping units of the host and all
prnal procedures-but is not accessible elsewhere.

cedure interface block

b of a_procedure interface block is to describe the interfaces (12.3) to a set of procedures and
hem( t6 be invoked through either a single generic name, a defined operator, or a defined
[t-determines the forms of reference through which the procedures may be invoked.

2.24 Module

A module contains (or accesses from other modules) definitions that are to be made accessible to other
program units. These definitions include data object declarations, type definitions, procedure definitions,
and procedure interface blocks. The purpose of a module is to make the definitions it contains accessible
to all other program units in an executable program that request such accessibility. A scoping unit in
another program unit may request access to the definitions contained in a module. Modules are further
described in Section 11.

10
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2.3 Execution concepts

Each Fortran statement is classified as either an executable statement or a nonexecutable statement. There
are restrictions on the order in which statements may appear in a program unit, and certain executable
statements may appear only in certain executable constructs.

2.3.1 Executable/nonexecutable statements

Program execution is a sequence, in time, of computational actions. An executable statement is an
instruction to perform or control one or more of these actions. Thus, the executable statements of a
program unit determine the computational behavior of the program unit. The executable statements are
all of those that make up the syntactic class of executable-construct.

Npnexecutable statements do not specify actions; they are used to configure the program environment in
which computational actions take place. The nonexecutable statements are all those~not clasdified as
eecutable. All statements in a block data program unit must be nonexecutable. A nmoédule may|contain
efecutable statements only within a subprogram in the module.

PROGRAM, FUNCTION, SUBROUTINE,
MODULE, or BLOCK DATA Statement

USE Statements

IMPLICIT NONE

PARAMETER IMPLICIT

Statements Statements

FORMAT | PARAMETER Derived-Type Definitions,

and and DATA Interface Blocks,
ENTRY Statements Type Declaration Statements,
Statements Statement Function Statements,

and Specification Statements

DATA Executable
Statements Constructs

CONTAINS Statement

Internal Subprograms
or Module Subprograms

END Statement

Figure 2.1 Requirements on statement ordering

2.3.2 Statement order

The syntax rules of Section 2.1 specify the statement order within program units and subprograms. These
rules are illustrated in Figure 2.1 and Table 2.1. Figure 2.1 shows the ordering rules for statements and
applies to all program units and subprograms. Vertical lines delineate varieties of statements that may be
interspersed and horizontal lines delineate varieties of statements that must not be interspersed. USE
statements, if any, must appear immediately after the program unit heading. Internal or module

11
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subprograms must follow a CONTAINS statement.

Between USE and CONTAINS statements in a

subprogram, nonexecutable statements generally precede executable statements, though the FORMAT
statement, DATA statement, and ENTRY statement may appear among the executable statements. Table
2.1 shows which statements are allowed in a scoping unit.

Table 2.1 Statements allowed in scoping units

Kind ofScoping Unit: | o | o | Bk | fomal | e | | e
USE Statement Yes Yes Yes Yes Yes Yes Yes
ENTRY $tatement No No No Yes Yes No No
FORMAT Statement Yes No No Yes Yes Yes Neo
Misc. Ddclarations (See Note) Yes Yes Yes Yes Yes Yes Yes
DATA Statement Yes Yes Yes Yes Yes Yes No
Derived-[Type Definition Yes Yes Yes Yes Yes Yes Yes
Interface| Block Yes Yes No Yes Yes Y5 Yes
Statemer]t Function Yes No No Yes Yes Yes No
Executablle Statement Yes No No Yes Yes Yes No
CONTA|NS Yes Yes No Yes Yes No No

Note: Misc| Declarations are PARAMETER Statements, IMPLICIT Statements) “Pype Declaration Statements, and
Specification Statements. Note that the scoping unit ot a module does not inglude any module subprograms that the

module conthins.

233 The

An end-pr(
is an END
exactly on
statements
terminatior
stmt is equ

The end-m

2.3.4 Exe«

Execution
execution (
scoping ur
appearing {
executable
until a ST(

END statement

gram-stmt, end-function-stmt, cnd-subroutinesstmt, end-module-stmt, or end-block-data-stimt
statement. Each program unit, module subprogram, and internal subprogram must have
e END statement. The cud-program=stint, end-function-stmt, and end-subroutine-stint
are executable, and may be branch target statements. Executing an end-program-stmt causes
of execution of the executable program. Executing an end-function-stmt or end-subroutine-
valent to executing a return-stiut‘in a subprogram.

bdule-stmt and end-block-data-stint statements are nonexecutable.

cution sequence

f an executable program begins with the first executable construct of the main program. The
f a main progfam or subprogram involves execution of the executable constructs within its
it. When a{procedure is invoked, execution begins with the first executable construct
fter the invoked entry point. With the following exceptions, the effect of execution is as if the
constructs are executed in the order in which they appear in the main program or subprogram
PP, RETURN, or END statement is executed. The exceptions are:

1

Execution of a branching statement (8.2) changes the execution sequence. These statements

explicitly specify a new starting place for the execution sequence.

(2)

IF constructs, CASE constructs, and DO constructs contain an internal statement structure and

execution of these constructs involves implicit (i.e., automatic) internal branching. See Section
8 for the detailed semantics of each of these constructs.

(3

Internal su

Alternate return and END =, ERR=, and EOR = specifiers may result in a branch.

bprograms may precede the END statement of a main program or a subprogram. The

execution sequence excludes all such definitions.

12
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2.4 Data concepts

Nonexecutable statements are used to define the characteristics of the data environment. This includes
typing variables, declaring arrays, and defining new data types.

2.4.1 Data type

A data type is a named category of data that is characterized by a set of values, together with a way to
denote these values and a collection of operations that interpret and manipulate the values. This central
concept is described in 4.1.

There are two categories of data types: intrinsic types and derived types.

2.4.1.1 Intrinsic type

An intrinsic type is a type that is defined implicitly, along with operations, and is always accessiple. The
iptrinsic types are INTEGER, REAL, COMPLEX, CHARACTER, and LOGICAL. The progerties of
ihtrinsic types are described in 4.3. An intrinsic type may be parameterized, in(which case the set of data
yalues depends on the values of the parameters. Such a parameter is called @/type parameter (4/3). The
tiype parameters are KIND and LEN.

The kind type parameter indicates the decimal exponent range for the\integer type (4.3.1.1), thq decimal
grecision and exponent range for the real and complex types (4.312, 4.3.1.3), and the reprepentation
thethods for the character and logical types (4.3.2.1, 4.3.2.2). <Fhe length type parameter spetifies the
jumber of characters for the character type.

2.4.1.2 Derived type

A derived type is a type that is not defined implicitlycbut requires a type definition to declare components
¢f intrinsic or of other derived types. A scalar object of such a derived type is called a ptructure
(6.1.1.7). The only intrinsic operation for deriyed types is assignment with type agreement (4.4.5). For
dach derived type, structure constructors are available to provide values (4.4.4). In addition, datp objects
¢f derived type may be used as procedure arguments and function results, and may appear in
ihput/output lists. If additional operatiens are needed for a derived type, they must be supplied as
rocedure definitions.

erived types are described furtheér. in 4.4.

4.2 Data value

ach intrinsic type has\associated with it a set of values that a datum of that type may take. The values
r each intrinsic type’are described in 4.3. Because derived types are ultimately specified in |terms of
omponents of intrinsic types, the values that objects of a derived type may assume are determingd by the
pe definitiorand the sets of values of the intrinsic types.

4.3 Data entity

data'entity is a data object, the result of the evaluation of an expression, or the result of the ¢xecution

{2 function reference (called the function result). A data entity has a data type (either infrinsic or

derived) and has, or may have, a data value (the exception is an undefined variable). Every data entity
has a rank and is thus either a scalar or an array.

2.4.3.1 Data object

A data object (often abbreviated to object) is a constant (4.1.2), a variable (6), or a subobject of a
constant. The type of a named data object may be specified explicitly (5) or implicitly (5.3).

Subobjects are portions of certain named objects that may be referenced and defined (variables only)
independently of the other portions. These include portions of arrays (array elements and array sections),

13
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character strings (substrings), and portions of structures (components). Subobijects are

themselves data objects, but subobjects are referenced only by subobject designators. A subobject of a
variable is a variable. Subobjects are described in Section 6.

Objects refe

a named scalar
a named array

renced by a name are:

(a scalar object)
(an array object)

Subobjects referenced by a subobject designator are:

ay element

an arr (a scalar cnhnhjpr‘f)
an arrgy section (an array subobject)
a strudture component (a scalar or an array subobject)
a subsfring (a scalar subobject)
24.3.1.1 Variable
A variable [may have a value and may be defined and redefined during execution of an executable
program.
24.3.1.2 Constant
A constant| has a value and cannot become defined or redefined during, execution of an executable
program. A constant with a name is called a named constant and has{the PARAMETER attribute
(5.1.2.1). A constant without a name is called a literal constant (4.3).
2.4.3.1.3 Cpnstant subobject
A constant [subobject is a portion of a constant. The portion feférenced may depend on the value of a
variable. For example, given:
CHARACTER | (LEN = 10), PARAMETER :: DIGITS = '0123456789'
CHARACTER | (LEN = 1) :: DIGIT
INTEGER :1 I
DIGIT = DIGITS (I:I)
DIGITS is a named constant and DIGITSw(I:]} designates a constant subobject of DIGITS.
2432 Expression

An express
reference or
and rank of|

on produces a data~entity when evaluated. An expression (7.1) represents either a data
a computation, and'is formed from operands, operators, and parentheses. The type, value,
an expression-result are determined by the rules in Section 7.

2.4.3.3 Function reference

A function |referenice (12.4.2) produces a data entity when the function is executed during expression
evaluation. | The* type and rank of a function result are determined by the interface of the function
{12.2.2). Thevalue-of-atunectionresultis-determined-by-execution-ofthe function-

244 Scalar

A scalar is a datum that is not an array. Scalars may be of any intrinsic type or derived type. Note that

a structure

is scalar even if it has arrays as components. The rank of a scalar is zero. The shape of a

scalar is represented by a rank-one array of size zero.

14
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2.4.5 Array

An array is a set of scalar data, all of the same type and type parameters, whose individual elements are
arranged in a rectangular pattern. An array element is one of the individual elements in the array and is
a scalar. An array section is a subset of the elements of an array and is itself an array.

An array may have up to seven dimensions, and any extent (number of elements) in any dimension. The
rank of the array is the number of dimensions, and its size is the total number of elements which is equal
to the product of the extents. An array may have zero size. The shape of an array is determined by its
rank and its extent in each dimension, and may be represented as a rank-one array whose elements are
the extents. All named arrays must be declared, and the rank of a named array is specified in its
déclaration. The rank of a named array, once declared, is constant and the extents may be constdnt also.
Hpbwever, the extents may vary during execution for a dummy argument array, an automatic array, a
pointer array, and an allocatable array.

Two arrays are conformable if they have the same shape. A scalar is conformable withyany arrafy. Any
inftrinsic operation defined for scalar objects may be applied to conformable objects:, Such operatjons are
performed element-by-element to produce a resultant array conformable with the array operands.
Element-by-element operation means corresponding elements of the operand/arrays are involved in a
“skalar-like” operation to produce the corresponding element in the resultharray, and all such |element
operations may be performed in any order or simultaneously. Such~an operation is desciibed as
elpmental.

Al rank-one array may be constructed from scalars and other @frays and may be reshaped ipto any
allowable array shape (4.5).

Alrrays may be of any intrinsic type or derived type and are described further in 6.2.

244.6 Pointer

Al pointer is a variable that has the POINTER-attribute. A pointer is associated with a tdrget by
allocation (6.3.1) or pointer assignment (7.5.2)." A pointer must not be referenced of defined uftil it is
adsociated. A pointer is disassociated following execution of a NULLIFY or DEALLOCATE statement or
fdllowing pointer association with a disassociated pointer. A disassociated pointer is not currently
agsociated with a target (14.6.2). If<the pointer is an array, the rank is declared, but the extpnts are
determined when the pointer is associated with a target.

2/4.7 Storage

Many of the facilities of. this International Standard make no assumptions about the physicalf storage
clharacteristics of data_ebjects. However, program units that include storage association dgpendent
fdatures must obserpve\Certain storage constraints (14.6.3).

2|5 Fundamental terms

The following terms are defined here and used throughout this International Standard.

2|51 Name and designator

A name is used to identify a program constituent, such as a program unit, named variable, named
constant, dummy argument, or derived type. The rules governing the construction of names are given in
3.2.2. A subobject designator is a name followed by one or more of the following: component selectors,
array section selectors, array element selectors, and substring selectors.
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252 Keyword

The term keyword is used in two ways in this International Standard. A word that is part of the syntax
of a statement is a statement keyword. These keywords are not reserved words; that is, names with the
same spellings are allowed. Examples of statement keywords are: IF, READ, UNIT, KIND, and
INTEGER.

An argument keyword is a dummy argument name. Section 13 specifies argument keywords for all of
the intrinsic procedures. Argument keywords for external procedures may be specified in a procedure
interface block (12.3.2.1).

253 De(Taration

The term declaration refers to the specification of attributes for various program entities. Often (this
involves sppcifying the data type of a named data object or specifying the shape of a named array object.

254 De:i[ifion

The term definition is used in two ways. First. when a data object is given a valid valué during program
execution, |it is said to become defined. This is often accomplished by execution\'of an assignment
statement g¢r input statement. Under certain circumstances, a variable does not have’a predictable value
and is said| to be undefined. Section 14 describes the ways in which variables; may become defined and
undefined.| The second use of the term definition refers to the declaration of derived types and
procedures

2.5.5 Reference

A data object reference is the appearance of the data object pame or data subobject designator in a
context requiring its value at that point during execution.

A procedure reference is the appearance of the procedure mame or its operator symbol or the assignment
symbol in & context requiring execution of the procedurelat that point.

The appearance of a data object name, data subobject designator, or procedure name in an actual
argument ljst does not constitute a reference to_.that data object, data subobject, or procedure unless such
a reference|is needed to complete the specificatign of the actual argument.

A module feference is the appearance of atmodule name in a USE statement (11.3.1).

2.5.6 Association

Association may be name association (14.6.1), pointer association (14.6.2), or storage association (14.6.3).
Name assofiation may be argument association, host association, or use association.

Storage asgociation causés.different entities to use the same storage. Any association permits an entity to
be identified by different names in the same scoping unit or by the same name or different names in
different sdoping units’

2.5.7 Intrirlsic

The qualifier intrinsic signifies that the term to which it is applied is deftined in this International
Standard. Intrinsic applies to data types, procedures, and operators. All intrinsic data types, procedures,
and operators may be used in any scoping unit without further definition or specification.

2.5.8 Operator

An operator specifies a particular computation involving one (unary operator) or two (binary operator)
data values (operands). Fortran contains a number of intrinsic operators (e.g., the arithmetic operators

16
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+, -, *, /, and ** with numeric operands and the logical operators .AND., .OR., etc. with logical
operands). Additional operators also may be defined within an executable program (7.1.3).

259 Sequence

A sequence is a set ordered by a one-to-one correspondence with the numbers 1, 2, through n. The

number of elements in the sequence is n. A sequence may be empty, in which case it contains no
elements.

The elements of a nonempty sequence are referred to as the first element, second element, etc. The nth
element where n is the number of elements in the sequence. is called the last element empty
gequence has no first or last element.

17
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Section 3 : Characters, lexical tokens, and source form

This section describes the Fortran character set and the various lexical tokens such as names and
operators. This section also describes the rules for the forms that Fortran programs may take.

3.1 Processor character set

The processprcharactersetisprocessordeperrdent—Fhestructureof aprocessor—character—sets-
(1) (ontrol characters (“newline”, for example)
(2)  Graphic characters

(a) Letters (3.1.1)

(p) Digits (3.1.2)

(t)  Underscore (3.1.3)

(B) Special characters (3.1.4)

(p)  Other characters (3.1.5)

The letters, |digits, underscore, and special characters make up the Fortrancharacter set.

R301  chatacter is alphanumeric-character
or special-character

R302  alphanumeric-character is letter
or digit
or underscore

Except for the currency symbol, the graphics used for the characters must be as given in 3.1.1, 3.1.2,
3.1.3, and 3.1.4. However, the style of any graphic, issnot specified.

3.1.1 Letters

The twenty{six letters are:
ABCIDEFGHIJKLMNOPQRSTUVWXYZ

The set of l¢tters defines the syntakctic class letter.

If a processor also permits léwer-case letters, the lower-case letters are equivalent to the corresponding
upper-case letters in program/units except in a character context (3.3).

3.1.2 DigiT
The ten digfts are:

0123456789

The ten digits define the syntactic class digit.

3.1.3 Underscore
R303  underscore is __

The underscore may be used as a significant character in a name.

18
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3.1.4 Special characters

The twenty-one special characters are shown in Table 3.1.

Table 3.1 Special characters

L

4

The twenty-one special characters define the syntactic class special-character. The special charg

Character Name of Character Character Name of Character

Blank : Colon

= Equals ! Exclamation Point

+ Plus ! Quotation Mark or Quote

- Minus % Percent

* Asterisk & Ampersand

/ Slash ; Semicolon

{ Left Parenthesis < Less Than

) Right Parenthesis > Greater Than
Comma 7 Question Mark
Decimal Point or Period 5 Currency, Symbol
Apostrophe

ised for operator symbols, bracketing, and various forms. %f) separating and delimiting oth
okens. The special characters $ and 7 have no specified use.

8.1.5 Other characters

Additional characters may be representable in the processor, but may appear only in character g
haracter string edit descriptors, comments, and input/output records (4.3.2.1, 10.2.1, 3.3.1.1
1.1).

[he default character type must support a character set that includes the Fortran character se
haracter sets may be supported by .thesprocessor in terms of nondefault character types. The ¢
hvailable in the nondefault characterjtypes are not specified, except that one character in each n
tharacter type must be designated as a blank character to be used as a padding character.

3.2 Low-level syntax

[he low-level syntak-deéscribes the fundamental lexical tokens of a program unit. Lexical t
equences of charaeters with indivisible interpretations that constitute the building blocks of a
[hey are keywords, names, literal constants other than complex literal constants, operator
Helimiters, cothima, =, =>, :, ::, ;, and %.

B.2.1 Keywords

Keywords appear as upper-case words in the syntax rules in Sections 4 through 12.

1991 (E)

cters are
br lexical

onstants,
3.3.2.1,

t. Other
haracters
bndefault

vkens are
program.
5, labels,

3.2.2 Names

Names are used for various entities such as variables, program units, dummy arguments, named
constants, and derived types.

R304 name is letter | alphanumeric-character | ...

Constraint: The maximum length of a name is 31 characters.
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Examples of names:

Al
NAME_LENGTH
SPREAD OUT

TRAILER

3.2.3 Constants
R305 constant

is

OL

(single underscore)
(two consecutive underscores)
(trailing underscore)

literal-constant

named-constant

R306 litdral-constant

R307 named-constant

R308 intfconstant

is

or
or
or
or
or

is

is

int-literal-constant
real-literal-constant
complex-literal-constant
logical-literal-constant
char-literal-constant
boz-literal-constant

namne

constant

Constraint|{ int-constant must be of type integer.

R309 ch@r-constant

is

constant

Constraint| char-constant must be of type character.

3.24 OpIraiors
7]

R310  infrinsic-operator

R708 power-op
R709 miilt-op

R710 add-op

R712  copcat-op
R714  rel-op

is

or
or
or
or
or
or
or
or

is
is
or
is
or
is

is

power-op
mult-op
add-op
concat-op
rel-op
not-op
and-op
or-op
equiv-op

% Xk

*
/
+

20
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or >
or > =
R719  not-op is .NOT.
R720 and-op is .AND.
R721 or-op is .OR.
R722  equiv-op is .EQV.
or .NEQV.
R3Tt+—defrred-operator is—defirred-nmmry=op

or defined-binary-op
or extended-intrinsic-op

R704  defined-unary-op is . letter | letter ] ... .
R724  defined-binary-op is . letter | letter ] ... .
R312  extended-intrinsic-op is intrinsic-operator

Constraint: A defined-unary-op and a defined-binary-op must not containymore than 31 letters and must
not be the same as any intrinsic-operator or logical-literal{copistant.

8.2.5 Statement labels

A statement label provides a means of referring to an individgal.statement.
R313  label is digit | digit | digitdigit [ digit 11] ]
Constraint: At least one digit in a label must be nonZero.

f a statement is labeled, the statement must contain a nonblank character. The same statement label
must not be given to more than one statemert)in a scoping unit. Leading zeros are not significant in
Histinguishing between statement labels. For example:

9999
10
010

bre all statement labels. The last two are equivalent.

8.2.6 Delimiters
Delimiters are used.teenclose syntactic lists. The following pairs are delimiters:

«...)
eeo !/
... 0O

.3 Source form
T Tt . . DE lines.

A Fortran statement is a sequence of one or more complete or partial lines. A line is a sequence of zero
or more characters. Lines following a program unit END statement are not part of that program unit.

A character context means characters within a character literal constant (4.3.2.1) or within a character
string edit descriptor (10.7).

A comment may contain any character that may occur in any character context.

There are two source forms: free and fixed. Free form and fixed form must not be mixed in the same
program unit. The means for specifying the source form of a program unit are processor dependent.
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3.3.1 Free source form

In free source form, each source line may contain from zero to 132 characters and there are no
restrictions on where a statement (or portion of a statement) may appear within a line. However, if a
line contains any character that is not of default kind (4.3.2.1), the number of characters allowed on the
line is processor dependent.

In free form, blank characters must not appear within lexical tokens other than in a character context.
Blanks may be inserted freely between tokens to improve readability; for example, blanks may occur
between the tokens that form a complex literal constant. A sequence of blank characters outside of a
character context is equivalent to a single blank character.

A blank mukt be used to separate names, constants, or labels from adjacent keywords, names, constants,

or labels. Fpr example, in
REAL X

READ 10

30 DO K=1,[3

the blanks afe required after REAL, READ, 30, and DO.

One or mo
between othprs, as follows.

Blanks Optional

e blanks must be used to separate certain adjacent keywords and may be optionally used

Blank Mandatory

BLOCK DATA CASE DEFAULT

DOUBLE PRECISION DO WHILE

ELSE [F IMPLICIT type-spet

END BLOCK DATA IMPLICIT NONE

END DO INTERFACE.ASSIGNMENT
END FILE INTERFACE OPERATOR
END FUNCTION MODULE PROCEDURE
END IF RECURSIVE FUNCTION
END INTERFACE RECURSIVE SUBROUTINE
END MODULE RECURSIVE type-spec
END PROGRAM type-spec FUNCTION

END SELECT type-spec RECURSIVE
END SUBROUTINE

END TYPE

END WHERE

GO TO

IN OYT

SELECT CASE

3.3.1.1 Freé form commentary

The charactpr “I”\initiates a comment except when it appears within a character context. The comment
extends to the-end of the source line. If the first nonblank character on a line is an “!”, the line is called a
comment lire—%i aining 3 iRiRg ara are—als ines
Comments may appear anywhere in a program unit and may precede the first statement of a program
unit. Comments have no effect on the interpretation of the program unit.

3.3.1.2 Free form statement separation

The character “;” separates statements, or partial statements, on a single source line except when it
appears in a character context or in a comment. If a “;” separator is followed by zero or more blanks and
one or more “;” separators, the sequence from the first “;” to the last, inclusive, is interpreted as a single
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“ "o

;" separator. A “;” separator that is the last nonblank character on a line, or the last nonblank character
ahead of commentary, is ignored.

3.3.1.3 Free form statement continuation

The character “&” is used to indicate that the current statement is continued on the next line that is not a
comment line. Comment lines cannot be continued; an “&" in a comment has no effect. Comments may
occur within a continued statement. When used for continuation, the “&" is not part of the statement.
No line may contain a single “&" as the only nonblank character or as the only nonblank character before
an “1".

3/3.1.3.1 Noncharacter context continuation

If an “&” not in a comment is the last nonblank character on a line or the last nonblank charactgr before
ah “!”, the statement is continued on the next line that is not a comment line. If the-first nonblank
character on the next noncomment line is an “&", the statement continues at the next.-character [position
fqllowing the “&"; otherwise, it continues with the first character position of the next.\noncomment line.

—t

fl a lexical token is split across the end of a line, the first nonblank charaeter on the first fpllowing
npncomment line must be an “&” immediately followed by the successive characters of the split token.

3/3.1.3.2 Character context continuation

p—t

fl a character context is to be continued, the “&" must be the last ionblank character on the line and must
bt be followed by commentary. An “&” must be the first nonblank character on the next line that is not
comment line and the statement continues with the next character following the “&".

&3

w

3.1.4 Free form statements

oS

label may precede any statement not forming part of another statement. Note that no|Fortran
sflatement begins with a digit. A free form statement must not have more than 39 continuation lirfes.

3|3.2 Fixed source form

I fixed source form, there are restrictions on where a statement may appear within a line. If b source
lihe contains only default kind chafacters, it must contain exactly 72 characters; otherwise, its maximum
number of characters is processor dependent.

Ekcept in a character context{ blanks are insignificant and may be used freely throughout the program.

313.2.1 Fixed form coammentary

Tihe character “!” ibitlates a comment except when it appears within a character context or in dharacter
ppsition 6. The‘comment extends to the end of the line. If the first nonblank character on a linefis an “!"
in any charactér position other than character position 6, the line is a comment line. Lines beginning
with a “C"¢or'“*” in character position 1 and lines containing only blanks are also comments. C¢mments
may appear anywhere within a program unit and may precede the first statement of the program unit.
(Joments have no effect on the interpretation of the program unit.

3.3.2.2 Fixed form sfafement separation

The character “;” separates statements, or partial statements, on a single source line except when it
appears in a character context or in a comment. If a *;” separator is followed by zero or more blanks and
one or more ;" separators, the sequence from the first “;" to the last, inclusive, is interpreted as a single

w o

;" separator. A “;" separator that is the last nonblank character on a line, or the last nonblank character
ahead of commentary, is ignored.
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3.3.2.3 Fixed form statement continuation

Except within commentary, character position 6 is used to indicate continuation. If character position 6
contains a blank or zero, this line is the initial line of a new statement which begins in character position
7. If character position 6 contains any character other than blank or zero, character positions 7-72 of
this line constitute a continuation of the preceding noncomment line. Note that an “!” or “;” in character
position 6 indicates a continuation of the preceding noncomment line. Comment lines cannot be
continued. Comment lines may occur within a continued statement.

3.3.24 Fixed form statements

A label, if present, must occur in character positions 1 through 5 of the lirst line of a statement,
otherwise, [positions 1 through 5 must be blank. Blanks may appear anywhere within a label. Note that
a statemen} following a “;” on the same line must not be labeled. Character positions 1 through 5 of-any
continuatign lines must be blank. A fixed form statement must not have more than 19 continuation.lines.
The program unit END statement must not be continued and no other statement in the program unit may

have an injtial line that appears to be a program unit END statement.

3.4 Inclyding source text

Additional| text may be incorporated into the source text of a program unit during processing. This is
accomplished with the INCLUDE line, which has the form

INCUUDE char-literal-constant

The char-literal-constant must not have a kind type parameter value that is a naned-constant.

An INCL:jDE line is not a Fortran statement.

An INCLUDE line must appear on a single source line where a‘statement may appear; it must be the only
nonblank fext on this line other than an optional trailing\comment. Thus, a statement label is not
allowed.

The effect [of the INCLUDE line is as if the reterenced source text physically replaced the INCLUDE line
prior to pfogram processing. Included text may contain any source text, including additional INCLUDE
lines; such| nested INCLUDE lines are similarly\replaced with the specified source text. The maximum
depth of mesting of any nested INCLUDE lines is processor dependent. Inclusion of the source text
referenced [by an INCLUDE line must noty at any level of nesting, result in inclusion of the same source
text.

When an INCLUDE line is resolved,“the first included statement line must not be a continuation line and
the last indluded statement line,must not be continued.

The intergretation of charHiteral-constant is processor dependent. An example of a possible valid
interpretatjon is that char-literal-constant is the name of a file that contains the source text to be included.
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Section 4 : Intrinsic and derived data types

Fortran provides an abstract means whereby data may be categorized without relying on a particular
physical representation. This abstract means is the concept of data type. Each data type has a name.
The names of the intrinsic types are predefined by the language; the names of any derived types must be
defined in type definitions (4.4.1). A data type is characterized by a set of values, a means to denote the
values, and a set of operations that can manipulate and interpret the values.

r example, the logical data type has a set of two values, denoted by the lexical tokens .FRUE. and
.FALSE., which are manipulated by logical operations.

n example of a less restricted data type is the integer data type. This data typeshas a pfocessor-
pendent set of integer numeric values, each of which is denoted by an optionalsign followed by a
string of digits, and which may be manipulated by integer arithmetic operations and, relational opprations.

he means by which a value is denoted indicates both the type of the value@and’a particular m¢mber of
the set of values characterizing that type. Intrinsic data types are parameterizéd. In this case, the set of
alues is constrained by the value of the parameter or parameters. Forsexample, the character data type
as a length parameter that constrains the set of character values to, those whose length is equil to the
alue of the parameter.

n intrinsic type is one that is predefined by the language. The intrinsic types are integer, real, ¢omplex,
character, and logical. The phrase “defined intrinsically” will be used later in this section fo mean
“predefined” in this sense.

addition to the intrinsic types, application specific_types may be derived. Objects of derived type have
mponents. Each component is of an intrinsic type' or of a derived type. A type definition {4.4.1) is
required to supply the name of the type and the-names and types of its components. For example, if the
complex type were not intrinsic but had to be\derived, a type definition would be required to sypply the
ame “complex” and declare two components; each of type real.

eans are provided to denote values, ot a derived type (4.4.4) and to define operations that canl be used
manipulate objects of a derived \type (4.4.5). A derived type must be defined in the etecutable
rogram, whereas an intrinsic type is predefined.

derived type may be used~only where its definition is accessible (4.4.1). An intrinsic type i always
ccessible.

.1 The concept of data type

A data type has\(1) a name, (2) a set of valid values, (3) a means to denote such values (constapts), and
(#) a set of operations to manipulate the values.

41.1 Set of values

Hor-each data type, there is a set of valid values. The set of valid values may be completely determined,
as is the case for logical, or may be determined by a processor-dependent method, as is the case for
integer and real. For complex or derived types, the set of valid values consists of the set of all the
combinations of the values of the individual components. For parameterized types, the set of valid values
depends on the values of the parameters.

4.1.2 Constants

For each of the intrinsic data types, the syntax for literal constants of that type is specified in this
standard. These literal constants are described in 4.3 for each intrinsic type. Within an executable
program, all literal constants that have the same form have the same value.
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A constant

value may be given a name (5.1.2.1, 5.2.10).

A constant value of derived type may be constructed (4.4.4) using a structure constructor from an
appropriate sequence of constant expressions (7.1.6.1). Such a constant value is considered to be a scalar
even though the value may have components that are arrays.

4.1.3 Operations

For each of the intrinsic data types, a set of operations and corresponding operators are defined
intrinsically. These are described in Section 7. The intrinsic set may be augmented with operations and

operators grefired—by—furctioms—with—the—OPERATOR—interface—12-32-H—Operator—definitions—are—

described ix

For derived

executable

4.2 Rela

The name
declaration

Sections 7 and 12.

types, the only intrinsic operation is assignment. All other operations must be defined by the
brogram (4.4.5).

ionship of types and values to objects

bf a data type serves as a type specifier and may be used to declare objects 0f that type. A
specifies the type of a named object. A data object may be declared explicitly or implicitly.

Once a derfived type is defined, an object may be declared to be of that type. \Data objects may have

attributes i
how its typ

An array is

Scalar data
of the same

W addition to their types. Section 5 describes the way in which a data object is declared and
e and other attributes are specified.

a collection of subobijects.

of any intrinsic or derived type may be shaped in a regtangular pattern to compose an array
type and type parameters. An array is an object and’has a type and type parameters just as

a scalar object does.

A scalar o
subobjects.

Variables 1
variable m
any type.

both the v:
differing in
of an inte
ASSIGNMI

an intrinsic

The data ty

bject of derived type is referred to as a stfucture. The components of a structure are

hay be objects or subobjects. The data“type of a variable determines which values that
iy take. Assignment provides one méans of defining or redefining the value of a variable of
Assignment is defined intrinsically(for all types when the type, type parameters, and shape of
riable and the value to be assigned to it are identical. Assignment between objects of certain
rinsic types, type parameters,nand shapes is described in Section 7. For example, assignment
ger value to a real varfable is defined intrinsically. A subroutine (7.5.1.3) and an
ENT interface block (12:3.271) define an assignment that is not defined intrinsically or redefines
derived-type assignment.

pe of a variable-determines the operations that may be used to manipulate the variable.

4.3 Intrinsic data'types

The intrins

¢ datatypes are:

nume

fic types: Integer, Real, and Complex

nonnumeric types:

Character and Logical

4.3.1 Numeric types

The numeric types are provided for numerical computation.

The normal operations of arithmetic,

addition (+), subtraction (-), multiplication (*), division (/), exponentiation (**), negation (unary -),
and identity (unary +), are defined intrinsically for this set of types.
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ve. The

value of a signed zero is the same as the value of an unsigned zero. In this standard, the unqualified term

“literal constant” means “unsigned literal constant” when applied to numeric types.

43.1.1 Integer type

The set of values for the integer type is a subset of the mathematical integers. A processor must provide
one or more representation methods that define sets of values for data of type integer. Each such method
is characterized by a value for a type parameter called the kind type parameter. The kind type parameter
of a representation method is returned by the intrinsic inquiry function KIND (13.13.51). Among the

returned by the intrinsic function RANGE (13.13.85).
The type specifier (R502) for the integer type is the keyword INTEGER.

If the kind type parameter is not specified, the default kind value is KIND (0) and'the data en
ype default integer.

-~

Any integer value may be represented as a signed-int-literal-constant.
R401  signed-digit-string is [ sign | digit-string
R402  digit-string is digit | digit | ...
R403  signed-int-literal-constant  is [ sign | int-literal-constant
R404  int-literal-constant is digit-string [ _kind<param |
R405  kind-param is digit-string

or scalar-int-coustant-name
R406  sign is +

or -

onstraint: The value of kind-param must.be nonnegative.

he optional kind type parameter following digit-string specifies the kind type parameter of th

d
(onstraint: The value of kind-param tust specify a representation method that exists on the pr
T
cpnstant; if it is not present, the\eonstant is of type default integer.

HBxamples of unsigned and signed integer literal constants are:
473

456

101

1.2

1_SHORT

976354279568241_8

herée SHORT is a scalar integer named constant whose value must be a valid kind type parame

PR T . T |

<

_

intrinsic

nction SELECTED_INT_KIND (13.13.92). The decimal exponent range of a representation method is

ity is of

Cessor.

P integer

ter value

bi-the integer type.

An integer constant is interpreted as a decimal value.

In a DATA statement (5.2.9), an unsigned binary, octal, or hexadecimal literal constant must correspond

to an integer scalar variable.

R407  boz-literal-constant is binary-constant
or octal-constant
or hex-constant
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Constraint:

R408

Constraint:

R409

binary-constant

octal-constant

A boz-literal-constant may appear only in a DATA statement.
is B digit | digit]...~

or B " digit [ digit ] ... "

digit must have one of the values O or 1.

is O digit [ digit] ...~

or O " digit [ digit]..."

Constraint: digit must have one of the values 0 through 7.
R410  hexfconstant is Z hex-digit | hex-digit | ...
or Z " hex-digit | hex-digit ] ... "
R411  hextdigit is digit
or A
or B
or C
or D
or E
or F
In these cofstants, the binary, octal, and hexadecimal digits are interpreted according to their respective

number systems. If the processor supports lower-case letters in the source form, the hex-digits A through
F may be rqpresented by their lower-case equivalents.

4.3.1.2 Reql type

The real type has values that approximate the mathematical real.nimbers. A processor must provide two
or more approximation methods that define sets of values for data of type real. Each such method has a
representation method and is characterized by a valuefor a type parameter called the kind type
parameter. | The kind type parameter of an approximation method is returned by the intrinsic inquiry
function KIND (13.13.51). Among the kind values that provide a given precision and a given exponent

range, on¢ providing the smallest decimal «fprecision is returned by the intrinsic function
SELECTED|REAL KIND (13.13.93). The decimal precision and decimal exponent range of an
approximatfion method are returned by the_intrinsic functions PRECISION (13.13.79) and RANGE
(13.13.85).

The type specifier for the real type is the keyword REAL and the type specifier for the double precision

real type is

If the type

is KIND (Q

specified, a

The kind t

double preg

the keyword DOUBLE PRECISION.

keyword REAL is specified and the kind type parameter is not specitied, the default kind value
.0) and the data entity is of type default real. If the type keyword DOUBLE PRECISION is
kind type parameter must not be specified and the data entity is of type double precision real.
ype parameter-of such an entity has the value KIND (0.0D0). The decimal precision of the
ision realapproximation method must be greater than that of the default real method.

R412  signed-real-literal-constant  is | sign | real-literal-constant
R413 rea[—literal~constant is significand | exponent-letter exponent | | __kind-param |
or digit-string exponent-letter exponent | _kind-param |
R414  significand is digit-string . | digit-string ]
or . digit-string
R415 exponent-letter is E
or D
R416  exponent is signed-digit-string
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Constraint:  If both kind-param and exponent-letter are present, exponent-letter must be E.

Constraint: The value of kind-param must specify an approximation method that exists on the
processor.

A real literal constant without a kind type parameter is a default real constant if it is without an exponent
part or has exponent letter E, and is a double precision real constant if it has exponent letter D. A real
literal constant written with a kind type parameter is a real constant with the specified kind type
parameter.

The exponent represents the power of ten scaling to be applied to the significand or digit string. The
meaning of these constants is as in decimal scientific notation.

The significand may be written with more digits than a processor will use to approximate the-value of the
onstant.

Examples of signed real literal constants are:

-12.78
+1.6E3

.1

-16.E4_8
D.45E-4
10.93E7_QUAD
1123

BEL

n 10.93E7_QUAD, the named constant QUAD must have been defined and its value must be a valid
xind type parameter value for the real type.

4.3.1.3 Complex type

{he complex type has values that approximaté the mathematical complex numbers. The values of a
fomplex type are ordered pairs of real valdes. The first real value is called the real part, and the second
eal value is called the imaginary part.

Fach approximation method used to represent data entities of type real must be available for both the real
ind imaginary parts of a data entity of type complex. A kind type parameter may be specified for a
fomplex entity and selects for-hoth parts the real approximation method characterized by this kind type
barameter value.

[he type specifier for(the complex type is the keyword COMPLEX. There is no keyword tdr double
precision complex. . df) the type keyword COMPLEX is specified and the kind type parameter is not
pecified, the defdult kind value is the same as that for default real, the type of both parts is deflault real,
ind the data entity is of type default complex.

R417  complex-literal-constant is ( real-part , imag-part )

R418 . “veal-part is signed-int-literal-constant
or signed-real-literal-constant

. £ H : g ey Tig ool 4 £
llllus Pull L] J(sll(l/l it rAarTouUntiorAarit

or signed-real-literal-constant

If the real part and the imaginary part of a complex literal constant are both real, the kind type
parameter value of the complex literal constant is the kind type parameter value of the part with the
greater decimal precision; if the precisions are the same, it is the kind type parameter value of one of the
parts as determined by the processor. If a part has a kind type parameter value different from that of the
complex literal constant, the part is converted to the approximation method of the complex literal
constant.
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If both the real and imaginary parts are signed integer literal constants, they are converted to the default
real approximation method and the constant is of type default complex. If only one of the parts is a
signed integer literal constant, the signed integer literal constant is converted to the approximation
method selected for the signed real literal constant and the kind type parameter value of the complex
literal constant is that of the signed real literal constant.

Examples of complex literal constants are:

1.0, -1.0
@3, 3.1E6)

(4.0_4, 3

6E7_8)

432 Non£umeric types

The nonnu

eric types are provided for nonnumeric processing. The intrinsic operations defined for-each

of these typles are given below.

43.21 Ch

The charac
characters,
number of
value is gre|

A processo
character.

parameter.
function K

jaracter type

er type has a set of values composed of character strings. A character string is a sequence of
numbered from left to right 1. 2, 3, ... up to the number of characters”in the string. The
characters in the string is called the length of the string. The length is"a type parameter; its
hter than or equal to zero. Strings of different lengths are all of type)character.

must provide one or more representation methods that define sets of values for data of type
Each such method is characterized by a value for a type{parameter called the kind type
The kind type parameter of a representation method. is' returned by the intrinsic inquiry
ND (13.13.51). Any character of a particular representation method representable in the

processor njay occur in a character string of that representation‘method.

If the kind
type defaul

type parameter is not specified, the default kind-value is KIND ('A") and the data entity is of
character.

The type sgecifier for the character type is the keyword CHARACTER.

A character literal constant is written as a sequence of characters, delimited by either apostrophes or
quotation marks.

R420 chdr-literal-constant

Constraint:

The option
character ¢

For the ty

is_{ckind-param _] ' [ rep-char ] ...’
or_| kind-param _ " | rep-char ] ... "

The value of kind-param must specify a representation method that exists on the processor.

1l kind type parameter preceding the leading delimiter specifies the kind type parameter of the
nstant; if it is MOt present, the constant is of type default character.

e characterswith kind kind-parain, if present, and for type default character otherwise, a

representable character) 'rep-char, is:

(1)

ny,character in the processor-dependent character set in fixed source form. A processor may
estrict the occurrence of some or all of the control characters.

(2) Any graphic character in the processor-dependent character set in free source form.

The delimit

ing apostrophes or quotation marks are not part of the value of the character literal constant.

An apostrophe character within a character constant delimited by apostrophes is represented by two
consecutive apostrophes (without intervening blanks); in this case, the two apostrophes are counted as
one character. Similarly, a quotation mark character within a character constant delimited by quotation
marks is represented by two consecutive quotation marks (without intervening blanks) and the two
quotation marks are counted as one character.
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A zero-length character literal constant is represented by two consecutive apostrophes (without
intervening blanks) or two consecutive quotation marks (without intervening blanks) outside of a
character context.

The intrinsic operation concatenation (//) is defined between two data entities of type character (7.2.2)
with the same kind type parameter.

Examples of character literal constants are:

"DON|TH
IDONI ITI

bgth of which have the value DON'T and

which has the zero-length character string as its value.

Examples of nondefault character literal constants, where the processor supports-the corresponding
cHaracter sets, are:

CYRILLIC_' De3 Heé HuuTo HeBo3MOxHO '
HINDI_' 3T fa=r & i Jua =g
MAGYAR_' Onélkile, nem csindlhatom!
HONGO_' Ak L TIZML TE LW, !

where CYRILLIC, HINDI, MAGYAR, and NIHONGO are_niamed constants whose values are the kind
type parameters for Cyrillic (Russian and other Slavic languages), Hindi, Magyar (Hungariah), and
Nihongo (Japanese) characters, respectively. Note that Nihongo is a very large (ideographic) character
sef, whereas Cyrillic, Hindi, and Magyar are alphabetic:

=

438.2.1.1 Collating sequence

Edch implementation defines a collating sequence for the character set of each kind of charagter. A
cdllating sequence is a one-to-one mapping of the characters into the nonnegative integers such that each
cHaracter corresponds to a different nordnegative integer. The intrinsic functions CHAR and ICHAR (see
Sdction 13) provide conversions between the characters and the integers according to this mapping| Thus,

ICHAR ( 'character’ )
refurns the integer value of (the-specified character according to the collating sequence of the procegsor.
Fqr the default character.type, the only constraints on the collating sequence are:
(1) ICHAR (AY < ICHAR (B) < - -- < ICHAR ('Z') for the twenty-six letters.
(2) ICHARVW0) < ICHAR (1) < - - - < ICHAR ('9) for the ten digits.

(3) ICHAR (" ) < ICHAR ('0) < ICHAR ('9) < ICHAR ('A’) or
ICHAR (' ') < ICHAR (‘A’) < ICHAR (Z') < ICHAR ('0').

{4)' ICHAR (a’) < ICHAR (b)) < --- < ICHAR (Z), if the processor supports lower-case
letters.

(5) ICHAR (" ') < ICHAR (0') < ICHAR ('9) < ICHAR (@) or
ICHAR (" *) < ICHAR (a) < ICHAR (z') < ICHAR ('0), if the processor supports lower-
case letters.

Except for blank, there are no constraints on the location of the special characters and underscore in the
collating sequence, nor is there any specified collating sequence relationship between the upper-case and
lower-case letters.

ISO 646:1983 (International Reference Version) assigns numerical codes to a set of characters that includes
the letters, digits, underscore, and special characters; the sequence of such codes is called in this standard
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the ASCII collating sequence. Note that ISO 646:1983 is the international equivalent of ANSI X3.4-1986,

commonly

known as ASCII. The intrinsic functions ACHAR and IACHAR provide conversions between

these characters and the integers of the ASCII collating sequence. The intrinsic functions LGT, LGE, LLE,
and LLT provide comparisons between strings based on the ASCII collating sequence. International

portability

is guaranteed if the set of characters used is limited to the letters, digits, underscore, and

special characters.

4.3.2.2 Logical type

The logical type has two values which represent true and false.

A processtr must provide one or more representation methods for data of type logical. Each such

method is
parameter

If the kind

haracterized by a value for a type parameter called the kind type parameter. The kind type
f a representation method is returned by the intrinsic inquiry function KIND (13.13.51).

type parameter is not specified, the default kind value is KIND (.FALSE.) and the ddta entity

is of type default logical.

R421

log

is .TRUE. | _kind-param |
or .FALSE. | __kind-param |

ical-literal-constant

Constraint{ The value of kind-param must specify a representation method that.exists on the processor.

The option
logical con

al kind type parameter following the trailing delimiter specifies thekind type parameter of the
tant; if it is not present, the constant is of type default logical,

The intrindic operations defined for data entities of logical type are{ negation (.NOT.), conjunction
(.LAND.), inclusive disjunction (.OR.), logical equivalence (.EQV.), .and logical nonequivalence (. NEQV.)
as described in 7.2.4. There is also a set of intrinsically defined relational operators that compare the

values of dlata entities of other types and yield a value of .typeé default logical. These operations are
described in 7.2.3.

The type specifier for the logical type is the keyword LOGICAL.

4.4 Deri

Additional
define the
resolved in|

By default
any scopin
such types
regardless
its compon

By default
definition
the compo

yed types

data types may be derived from\the intrinsic data types. A type definition is required to
name of the type and the narhesand types of its components. Ultimately, a derived type is
to ultimate components that are either of intrinsic type or are pointers.

derived types defined. in-the specification part of a module are accessible (5.1.2.2, 5.2.3) in
e unit that accesses,the/module. This default may be changed to restrict the accessibility of
to the host module‘itself. A particular type definition may be declared to be public or private

bf the default accessibility declared for the module. In addition, a type may be accessible while
ents are private- '

no storageé 'sequence is implied by the order of the component definitions. However, if the
bf a derived type contains a SEQUENCE statement, the type is a sequence type. The order of
hent\definitions in a sequence type specifies a storage sequence for objects of that type.

L £ Ph P} Y ce—tlael J TVDE (1] a|
PECITICT TOT UeTIvVEU Ty PeS IS TN RCYWOTU 1T T L TOTTOWCQ

The type s

Lt £l o H IS
Dy—tmehame-orTthe—typeihparentheses

(R502).

44.1 Derived-type definition

R422  derived-type-def is derived-type-stmt
[ private-sequence-stmt l...
component-def-stmt
[ component-def-stmt | ...

end-type-stmt
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R423  private-sequence-stmt is PRIVATE
or SEQUENCE

R424  derived-type-stmt is TYPE [ [, access-spec ] :: ]| type-name

Constraint: The same private-sequence-stmt must not appear more than once in a given derived-type-
def.

Constraint: If SEQUENCE is present, all derived types specified in component definitions must be
sequence types.

C int: cess-spec (5.1.2.2) or a PRIVATE statement within the definition is permitted only if
the type definition is within the specification part of a module.

Constraint:  If a component of a derived type is of a type declared to be private, either thé)derjved type
definition must contain the PRIVATE statement or the derived type must be privatgq.

Constraint: A derived type type-name must not be the same as the name of any(intrinsic typg nor the
same as any other accessible derived type type-name.

R425  end-type-stmt is END TYPE [ type-name |

Constraint: If END TYPE is followed by a type-name, the type-name must be the same as that in the
corresponding derived-type-stmt.

R426  component-def-stmt is type-spec [ | , component-attr-spec-list | :: | B
M component-decl-list

R427  component-attr-spec is POINTER
or DIMENSION (‘component-array-spec )

Constraint: No component-attr-spec may appear more than once in a given component-def-stinf.

Constraint: If the POINTER attribute is not spécified for a component, a type-spec in the colnponent-
def-stmt must specify an intrinsic\fype or a previously defined derived type.

Constraint: If the POINTER attribute isspecified for a component, a type-spec in the compqgnent-def-
stmt must specify an intrinsic type or any accessible derived type including the type being

defined.
R428  component-array-spec is explicit-shape-spec-list
or deferred-shape-spec-list
R429  component-decl is component-name | ( component-array-spec ) |

W | * char-length |

Constraint:  If the-POINTER attribute is not specified, each component-array-spec must be an explicit-
shape-spec-list.

Constraint: \VIf the POINTER attribute is specified, each component-array-spec must be a deferred-shape-
spec-list.

Constraint:  The * char-length option is permitted only if the type specified is character.

Constraint: A rhny-longfh in-a rnmpnnonf-rlnrl must be a constant eppr‘ifi(‘afinn expression (7 116.2).
I

Constraint: Each bound in the explicit-shape-spec (R428) must be a constant specification expression
(7.1.6.2). '

If the SEQUENCE statement is present, the type is a sequence type. If all of the ultimate components are
of type default integer, default real, double precision real, default complex, or default logical and are not
pointers, the type is a numeric sequence type. If all of the ultimate components are of type default
character and are not pointers, the type is a character sequence type.
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Note that the double colon separator in a component-def-stmt is required only if the DIMENSION
attribute, the POINTER attribute, or both are specified; otherwise, it is optional.

A component is an array if its component-decl contains a component-array-spec or its component-def-
stmt contains the DIMENSION attribute. If the component-decl contains a component-array-spec, it

specifies the
specifies the

The accessib

array bounds (5.1.2.4.1); otherwise, the component-array-spec in the DIMENSION attribute
array bounds.

ility of a derived type may be declared explicitly by an access-spec in its derived-type-stmt or

in an access-stmt (5.2.3). The accessibility is the default if it is not declared explicitly. If a type

definition is
that is of th
are accessibl

If a type def]

e type, and any procedure that has a dummy argument or function result that is of the type
e only within the module containing the definition.

nition contains a PRIVATE statement, the component names for the type are accessible only

within the module containing the definition, even if the type itself is public (5.1.2.2). The component

names and
module via
within the d

An example

TYPE PERS

hence the internal structure of the type are inaccessible in any scoping unit aceessing the
W USE statement. Similarly, the structure constructor for such a type may be employed only
pfining module.

of a derived-type definition is:

INTEGER| AGE
CHARACTER (LEN = 50) NAME
END TYPE PERSON

An example jof declaring a variable CHAIRMAN of type PERSON is:
TYPE (PERSDN) :: CHAIRMAN

A type defin

TYPE LINE
REAL, D
REAL
INTEGER

END TYPE L

An example
TYPE (LINH

The scalar 1
subobject of
colon in the

An example

MODULE DER
TYPE PO

tion may have a component that is an array. For'example:

IMENSION (2, 2) :: COORD X1, YE, X2, Y2
:: WIDTH ! Line width in centimeters
:: PATTERN [ 1 for solid, 2 for dash, 3 for dot
INE
of declaring a variable LINEXSEGMENT to be of the type LINE is:
D :: LINE_SEGMENT
bariable LINE_SEGMENT has a component that is an array. In this case, the array is a

a scalar. Note_that the double colon in the definition for COORD is required; the double
definition for WAIDTH and PATTERN is optional.

of a typemith private components is:

INITIONS
INT

PRIVATE

REAL :: X, Y
END TYPE POINT

END MODULE

Such a type definition is accessible in any scoping unit accessing the module via a USE statement;
however, the components, X and Y, are accessible only within the module.

A derived-type definition may have a component that is of a derived type. For example:
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TYPE TRIANGLE

TYPE (POINT) :: A, B, C

END TYPE TRIANGLE
An example of declaring a variable T to be of type TRIANGLE is:
TYPE (TRIANGLE) :: T

An example of a private type is:

TYPE, PRIVATE :: AUXILIARY

LOGICAL :: DIAGNOSTIC

E
S

T

—~ > m

A| pointer component of a derived’ type may have as its target an object of the type of which
cgmponent. For example:
TYPE NODE
INTEGER :: VALUE
TYPE (NODE), POINTER  :: NEXT_NODE
END TYPE
Al type such as-this may be used to construct linked lists of objects of type NODE.
44.2 Determination of derived types

A

Aln example of a numeric sequence type is:

CHARACTER (LEN = 20) :: MESSAGE
ND TYPE AUXILIARY

ich a type would be accessible only within the module in which it is defined.

YPE NUMERIC_SEQ
SEQUENCE

INTEGER :: INT_VAL
REAL :: REAL_VAL
LOGICAL :: LOG_VAL
ND TYPE NUMERIC_SEQ

derived type may have a component that is a pointer. For eXxample:

YPE REFERENCE
INTEGER :: VOLUME,“YEAR, PAGE
CHARACTER (LEN = 50) :: TITLE

CHARACTER, DIMENSION (:), POINTER :: ABSTRACT
ND TYPE REFERENCE

ny object of type REFERENCE will have the' four components VOLUME, YEAR, PAGE, and
us a pointer to an array of characters holding ABSTRACT. The size of this target array
btermined by the length of the abstract:;*The space for the target may be allocated (6.3.1) or the
mponent may be associated with & target in a pointer assignment statement (7.5.2).

TITLE,
will be

pointer

it is a

with the

particular type name may be defined at most once in a scoping unit. Derived-type definitions

same type name may appear In dilferent scoping units, in which case they may be independent and
describe different derived types or they may describe the same type.

Two data entities have the same type if they are declared with reference to the same derived-type
definition. The definition may be accessed from a module or from a host scoping unit. Data entities in
different scoping units also have the same type if they are declared with reference to different derived-
type definitions that have the same name, have the SEQUENCE property, and have structure components
that do not have PRIVATE accessibility and agree in order, name, and attributes. Otherwise, they are of
different derived types. A data entity declared using a type with the SEQUENCE property is not of the
same type as an entity of a type declared to be PRIVATE or which has components that are PRIVATE.
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An example of declaring two entities with reference to the same derived-type definition is:

TYPE POINT

REAL X, Y
END TYPE POINT
TYPE (POINT) :: X1
CALL suB (X1
CONTAINS

SUBROUTINE SUB (A)

TYPE (POINT) A

END SUBROUTINE SuB

The definitjon of derived type POINT is known in subroutine SUB because the scoping unit of-SUB is
contained vithin the scoping unit of the containing program unit (host association).  Because the
declaration$ of X1 and A both reference the same derived-type definition, X1 and A have-the 'same type.
X1 and A hlso would have the same type if the derived-type definition was in a module-and both SUB
and its confaining program unit accessed the module.

An exampl
PROGRAM

of data entities in different scoping units having the same type is:

GER ID_NUMBER
ACTER (50) NAME

E EMPLOYEE

EMPLOYEE) PROGRAMMER
B (PROGRAMMER)

M PGM

E SUB (POSITION)
TYPE

TYPE (EMPLOYEE) POSITION

END SUBRQUTINE SUB

The actual |[argument-PROGRAMMER and the dummy argument POSITION have the same type because
they are declared ‘with reference to a derived-type definition with the same name, the SEQUENCE
property, dnd components that agree in order, name, shape, type, and type parameters.

Suppose the ‘component name ID_NUMBER was ID_NUM in the subroutine. Because all the component

names are not identical to the component names in derived type EMPLOYEE in the main program, the

actual argument PROGRAMMER would not be of the same type as the dummy argument POSITION.
Thus, the program would not be standard conforming.

44.3 Derived-type values

The set of values of a specific derived type consists of all possible sequences of component values
consistent with the definition of that derived type.
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4.4.4 Construction of derived-type values

A derived-type definition implicitly defines a corresponding structure constructor that allows a scalar
value of derived type to be constructed from a sequence of values, one value for each component of the
derived type.

R430  structure-constructor is type-name { expr-list )

The sequence of expressions in a structure constructor specifies component values that must agree in
number and order with the components of the derived type. If necessary, each value is converted
according to the rules of intrinsic assignment (7.5.1.4) to a value that agrees in type and type parameters

with—thecorrespormdinmg—compoment—of—the—dertved—type—Fornonpointercomponents—the—shape of the

dxpression must conform with the shape of the component. A structure constructor whose, component
Jalues are all constant expressions is a derived-type constant expression. A structure constructor must
ot appear before the referenced type is defined.

This example illustrates a derived-type constant expression using a derived type defined-in 4.4.1:

RERSON (21, 'JOHN SMITH')

A derived-type definition may have a component that is an array. Also, an’6bject may be an|array of
derived type. Such arrays may be constructed using an array constructor\(4!5).

Where a component in the derived type is a pointer, the corresponding constructor expressjon must
dvaluate to an object that would be an allowable target for such’a pointer in a pointer askignment
qtatement (7.5.2). For example, if the variable TEXT were declared (5.1) to be

HARACTER, DIMENSION (1:400), TARGET :: TEXT

dnd BIBLIO were declared using the derived-type definition’ REFERENCE in 4.4.1
TYPE (REFERENCE) :: BIBLIO

the statement

BIBLIO = REFERENCE (1, 1987, 1, "This is the title of the referenced &
&paper'', TEXT)

ib valid and it identifies the ABSTRACT component of the object BIBLIO with the target object TEXT.
INote that a constant expression.must not be constructed for a derived type containing g pointer
domponent because a constan{ivalue is not an allowable target in a pointer assignment statement.
445 Derived-type operations and assignment

Any operation on-‘defived-type entities or nonintrinsic assignment for derived-type entities [must be
defined explicitly~by a function or a subroutine and a procedure interface block (12.3.2.1). Arguments
dnd function valdes may be of any derived or intrinsic type.

4.5 Construction of array values

rank-one

Arn_array constructor is defined as a sequence of specified scalar values and is interpreted as a

R431  array-constructor is (/ ac-value-list /)
R432  ac-value is expr
or ac-implied-do
R433  ac-implied-do is ( ac-value-list , ac-implied-do-control )
R434  ac-implied-do-control is ac-do-variable = scalar-int-expr , B

B scalar-int-expr { , scalar-int-expr |
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R435
Constraint:

Constraint:

ac-do-variable

is scalar-int-variable
ac-do-variable must be a named variable.

Each ac-value expression in the array-constructor must have the same type and type
parameters.

If an ac-value is a scalar expression, its value specifies an element of the array constructor. If an ac-value

is an array

expression, the values of the elements of the expression, in array element order (6.2.2.2),

specify the corresponding sequence of elements of the array constructor. If an ac-value is an ac-implied-
do, it is expanded to form an ac-value sequence under the control of the ac-do-variable, as in the DO

construct (8

For an ac-in
variable of
do-variable

An empty s
The type an

If every exp
expression.

REAL X (3)
X = (/3.4

A one-dime
function (13

Y = RESHAR

This results

1.4.4).

iplied-do, the loop initialization and execution is the same as for a DO construct. The acdo-
an ac-implied-do that is contained within another ac-implied-do must not appear as the.dc-
of the containing ac-implied-do.

pquence forms a zero-sized rank-one array.
d type parameters of an array constructor are those of the ac-value expressions.

ression in an array constructor is a constant expression, the array constructor is a constant
An example is:

, 4.01, 6.5 /)

hsional array may be reshaped into any allowable array shape using the RESHAPE intrinsic
.13.88). An example is:

E (SOURCE = (/ 2.0, (/ 4.5, 4.5 /), X /), SHAPE = (/ 3, 2 /))

in Y having the 3 X 2 array of values:

20 3.2
4.5 4.01
4.5 6.5

Examples of]
(/ (1, 1
and

(/ 3.6, (3

Using the ty
type array

(/ PERSON

array constructors containing an implied-DO are:

1, 1075 /)

/1, 1=1, )P

pe definitions for RERSON and LINE of 4.4.1, an example of the construction of a derived-
alue is:

(20, 'SMITH!), PERSON (20, 'JONES') /)

and an example of thé\construction of a derived-type scalar value with an array component is:

LINE (RESH

APE ¢ (/ 0.0, 1.0, 0.0, 2.0, (/2,2 /), 0.1, 1D

In the latter

ovnm?'p, the RESHAPE intrinsic function is used to construct a value that represents a salid

line from (0,

38
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Section 5 : Data object declarations and specifications

Every data object has a number of properties (for example, type, rank, and shape) that determine the
characteristics of the data and the uses of the object. Collectively, these properties are termed the
attributes of the data object. A named data object must not be specified explicitly to have a particular
attribute more than once in a scoping unit. The type of a named data object is either determined
implicitly by the first letter of its name (5.3) or is specified explicitly in a type declaration statement.
N . p o S may be

dditional a butes also mav be spe eparate sp ation statemen all of them

INTEGER INCOME, EXPENDITURE

JEAL, DIMENSION (-5:45) :: X, Y, Z

declares three data objects with names X, Y, and Z. These all have default real type and are|explicit-
shape rank-one arrays with a lower bound of -5, an upper bound of +3;7and therefore a size of 11.

51 Type declaration statements
R501  type-declaration-stmt is type-spec [ | , attr-spec | ... :: | entity-decl-list
R502  type-spec is INTEGER [ kind<selector ]

or REAL [ kind-sélector ]

or DOUBLE PRECISION

or COMPLEX'[ kind-selector }
or CHARACTER [ char-selector |
or LOGICAL [ kind-selector ]

or LYPE ( type-name )

R503  attr-spec is° PARAMETER

Or access-spec

or ALLOCATABLE

or DIMENSION ( array-spec )
or EXTERNAL

or INTENT ( intent-spec )
or INTRINSIC

or OPTIONAL

or POINTER

or SAVE

or TARGET

R504% ‘entity-decl is object-name | ( array-spec ) | B
B | * char-length | | = initialization-expr |
or function-name | ( array-spec ) | | * char-length |

R505  kind-selector is ([ KIND = |} scalar-int-initialization-expr )
Constraint: The same atfr-spec must not appear more than once in a given type-declaration-stmt.

Constraint: The function-name must be the name of an external function, an intrinsic function, a
function dummy procedure, or a statement function.

Constraint: The = initialization-expr must appear if the statement contains a PARAMETER attribute
(5.1.2.1).
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Constraint:

Constraint:

Constraint:

Constraint:

Constraint:

Constraint:

Constraint:

Constraint;

Constraint

Constraint

Constraint
Constraint

Constraint

Constraint

Constraint

Constraint
Constraint

Constraint

Note that
= initializ{

A name th

If = initialization-expr appears, a double colon separator must appear before the entity-
decl-list.

The = initialization-expr must not appear if object-name is a dummy argument, a function
result, an object in a named common block unless the type declaration is in a block data
program unit, an object in blank common, an allocatable array, a pointer, an external
name, an intrinsic name, or an automatic object.

The * char-length option is permitted only if the type specified is character.
The ALLOCATABLE attribute may be used only when declaring an array that is not a

explicit ty

3 L : 1,
aumiImy drgument oOr 4 TUITCIiToIT TS Ul

An array declared with a POINTER or an ALLOCATABLE attribute must be specified with
an array-spec that is a deferred-shape-spec-list (5.1.2.4.3).

An array-spec for a function-name that does not have the POINTER attribute mfust'be an
explicit-shape-spec-list.

An array-spec for a function-name that does have the POINTER attribute must be a
deferred-shape-spec-list.

If the POINTER attribute is specified, the TARGET, INTENT, EXTERNAL, or INTRINSIC
attribute must not be specified.

If the TARGET attribute is specified, the POINTER, EXTERNAL, INTRINSIC, or
PARAMETER attribute must not be specified.

The PARAMETER attribute must not be specitied\for dummy arguments, pointers,
allocatable arrays, functions, or objects in a common block.

The INTENT and OPTIONAL attributes may bexspecified only for dummy arguments.
An entity must not have the PUBLIC attribute,if its type has the PRIVATE attribute.

The SAVE attribute must not be specified for an object that is in a common block, a
dummy argument, a procedure, a function result, or an automatic data object.

An entity must not have the EXFERNAL attribute if it has the INTRINSIC attribute.

An entity in a type-declaration-stmt must not have the EXTERNAL or INTRINSIC attribute
specified unless it is a function.

An array must not have both the ALLOCATABLE attribute and the POINTER attribute.
An entity must not-be given explicitly any attribute more than once in a scoping unit.

The value of Zscalar-int-initialization-expr must be nonnegative and must specify a
representationmethod that exists on the processor.

the double‘colon separator in a type-declaration-stmt is required only if an attr-spec or
ition-expris specified; otherwise, the separator is optional.

at-identifies a specific intrinsic function in a scoping unit has a type as specified in 13.12. An

for a

generic intrinsic function name in a type declaration statement is not sufficient, by itself, to remove the
generic properties from that function.

The specification-expr (7.1.6.2) of a type-param-value (5.1.1.5) or an array-spec (5.1.2.4) may be a
nonconstant expression provided the specification expression is in an interface body (12.3.2.1) or in the
specification part of a subprogram. If the data object being declared depends on the value of such a
nonconstant expression and is not a dummy argument, such an object is called an automatic data object.
An automatic object must not appear in a SAVE or DATA statement nor be declared with a SAVE
attribute nor be initially defined by an = initialization-expr.
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If a length-selector is a nonconstant expression, the length is declared at the entry of the procedure and is
not affected by any redefinition or undefinition of the variables in the specification expression during
execution of the procedure.

If an entity-decl contains an = initialization-expr and the object-name does not have the PARAMETER
attribute, object-name is a variable whose value is initially defined. The object-name becomes defined
with the value determined from initialization-expr in accordance with the rules of intrinsic assignment
(7.5.1.4). A variable, or part of a variable, must not be initialized more than once in an executable
program,

he esence-of = alizatior-gxi a e a1%% ¥ ed %

amed common block. The implied SAVE attribute may be reaffirmed by explicit use of ™t
attribute in the type declaration statement, or by inclusion of the object-name in a SAVE statement
.2.4).

xamples of type declaration statements are:

REAL A (10D
OGICAL, DIMENSION (5, 5) :: MASK1, MASK2
OMPLEX :: CUBE_ROOT = (-0.5, 0.866)

NTEGER, PARAMETER :: SHORT = SELECTED_INT_KIND (4)
REAL (KIND (0.000)) A

REAL (KIND = 2) B

OMPLEX (KIND = KIND (0.000)) :: C

NTEGER (SHORT) K I Range at least -9999 t0.9999.
YPE (PERSON) :: CHAIRMAN

3.1.1 Type specifiers

\ type specifier specifies the type of all entities“declared in an entity declaration list. This type may
gverride or confirm the implicit type indicated" by the first letter of the entity name as declared by the
plicit typing rules in effect (5.3).

3.1.1.1 INTEGER

he INTEGER type specifier specifies that all entities whose names are declared in this statement are of
iptrinsic type integer (4.3.1.1)3The kind selector, if present, specifies the integer representation|method.
If the kind selector is absent;“the kind type parameter is KIND (0) and the entities declared ar¢ of type
default integer. An entity.declared with a type specifier INTEGER (KIND (0)) is of the same kirjd as one
declared with the typé specifier INTEGER.

3.1.1.2 REAL

he REAL type specifier specifies that all entities whose names are declared in this statement are of
intrinsic type real (4.3.1.2). The kind selector, if present, specifies the real approximation method. If the
ind selector is absent, the kind type parameter is KIND (0.0) and the entities declared are of type default
eal” \An entity declared with a type specifier REAL (KIND (0.0)) is of the same kind as one declared with
the-type specifier REAL

5.1.1.3 DOUBLE PRECISION

The DOUBLE PRECISION type specifier specifies that all entities whose names are declared in this
statement are of intrinsic type double precision real (4.3.1.2). The kind parameter value is KIND (0.0D0).
An entity declared with a type specifier REAL (KIND (0.0D0)) is of the same kind as one declared with
the type specifier DOUBLE PRECISION.
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5.1.1.4 COMPLEX

The COMPLEX type specifier specifies that all entities whose names are declared in this statement are of
intrinsic type complex (4.3.1.3). The kind selector, if present, specifies the real approximation method of

the two real

values making up the real and imaginary parts of the complex value. If the kind selector is

absent, the kind type parameter is KIND (0.0) and the entities declared are of type default complex. An
entity declared with a type specifier COMPLEX (KIND (0.0)) is of the same kind as one declared with the

type specifie

r COMPLEX.

5.1.1.5 CHARACTER

The CHARA

of intrinsic t

R506  charn

R507  leng

R508 char

Constraint:

Constraint:

Constraint:

Constraint:

The char-se
length of ch
overrides th
length-select]
is not specif

R509  typd

Constraint:

LCTER type specifier specifies that all entities whose names are declared in this statement are
ype character (4.3.2.1).

tselector is length-selector

or ( LEN = type-param-value , B

B KIND = scalar-int-initialization-expr )

( type-param-value , B

M | KIND = | scalar-int-initialization-expr )
{ KIND = scalar-int-initialization-expr i

W [, LEN = type-param-value ])

or

or

is
or

th-selector ([ LEN = | type-param-value )

* char-length [, ]

-length is ( type-param-value )

or scalar-int-literal-constant

The optional comma in a length-selector is permitted only in a type-spec in a type-
declaration-stmt.

The optional comma in a length-selector is‘permitted only if no double colon separator
appears in the type-declaration-stmt.

The value of scalar-int-initializationcexpr must be nonnegative and must specify a
representation method that exists onthe processor.

The scalar-int-literal-constant must not include a kind-param.

ector in the CHARACTER type-spec and the * char-length in the entity-decl specify the
hracter entities. The * cHarrlength in an entity-decl specifies the length for a single entity and
b length specified in thé ghar-selector. If a * char-length is not specified in an entity-decl, the
br or type-param-vdite specified in the char-selector is the length of the entity. If the length
ed in a char-selector or a * char-length, the length of the entity is 1.

is specification-expr
or *

-param-valué

A function name must not be declared with an asterisk type-param-value if the function is
aninternal or module function, array-valued, pointer-valued, or recursive.

type-param-value.

If the length

type parameter value evaluates to a negative value, the length of character entities declared

is zero. A length type parameter value of * may be used only in the following ways:

(1) It may be used to declare a dummy argument of a procedure, in which case the dummy
argument assumes the length of the associated actual argument when the procedure is invoked.

(2) It may be used to declare a named constant, in which case the length is that of the constant
value.
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(3) In an external function, the name of the function result may be specified with a length type
parameter value of *; in this case, any scoping unit invoking the function must declare the
function name with a length type parameter value other than * or access such a definition by
host or use association. When the function is invoked, the length of the result variable in the
function is assumed from the value of this type parameter.

The length specified for a character-valued statement function or statement function dummy argument of
type character must be an integer constant expression.

The kind selector, if present, specifies the character representation method. If the kind selector is absent,

the alal ne-naramete s KIND A and-the en es_declared are o pe

Ekamples of character type declaration statements are:

CHARACTER (LEN = 10, KIND = 2) A
CHARACTER *10 B, C *20

5/1.1.6 LOGICAL

he LOGICAL type specifier specifies that all entities whose names are declared in this statement are of
intrinsic type logical (4.3.2.2).

he kind selector, if present, specifies the representation method. If the'kind selector is absent, the kind
type parameter is KIND (.FALSE.) and the entities declared are of type default logical.

5|1.1.7 Derived type

Al TYPE type specifier specifies that all entities whose names are declared in this statement arg of the
dprived type specified by the type-name. The components of each such entity also are declared fto be of
the types specified by the corresponding componentsdef statements of the derived-type-def (4.4.1)f When
a|data entity is specified to be of a derived type, ithe derived type must have been defined previpusly in
the scoping unit or be accessible there by use orhost association.

A scalar entity of derived type is a structure. If a derived type has the SEQUENCE property, |a scalar
entity of the type is a sequence structure.. A scalar entity of numeric sequence type (4.4.1) is a [numeric
sequence structure. A scalar entity of.character sequence type (4.4.1) is a character sequence strudture.

declaration for a nonsequence derived-type dummy argument must specify a derived typq that is
rcessed by use association orthost association because the same definition must be used to declare both
e actual and dummy arguments to ensure that both are of the same derived type. This restrictjon does
bt apply to arguments of ‘sequence type (4.4.2).

5 oW

[4,]

1.2 Attributes

Tihe additional attributes that may appear in the attribute specification of a type declaration sfatement
firther specify-the nature of the entities being declared or specify restrictions on their use in the program.

5/1.2.1 :PARAMETER attribute

ThePARAMETER attribute specifies that entities whose names are declared in this statement arp named
cOTStants. T he objecr-name becomes defined with the vatue determimedfromtheiritintizatiomexpr that
appears on the right of the equals, in accordance with the rules of intrinsic assignment (7.5.1.4). The
appearance of a PARAMETER attribute in a specification requires that the = initialization-expr option
appear for all objects in the entity-decl-list.

Any named constant that appears in the initialization expression must have been defined previously in the
same type declaration statement, defined in a prior PARAMETER statement or type declaration statement
using the PARAMETER attribute, or made accessible by use association or host association. A named
constant must not be referenced in any other context unless it has been defined in a prior PARAMETER

43


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

statement or type declaration statement using the PARAMETER attribute, or made accessible by use
association or host association.

A named constant must not appear within a format specification (10.1.1).
Examples of declarations with a PARAMETER attribute are:

REAL, PARAMETER :: ONE = 1.0, Y = 4.1 / 3.0

INTEGER, DIMENSION (3), PARAMETER :: ORDER = (/ 1, 2, 3 /)

5.1.2.2 Accessibility attribute

The accessill»ility attribute specifies the accessibility of entities and derived-type definitions.

R510  access-spec is PUBLIC
or PRIVATE

Constraint:| An access-spec attribute may appear only in the scoping unit of a module.

Entities tha} are declared with a PRIVATE attribute are not accessible outside the module.) Entities that
are declarel with a PUBLIC attribute may be made accessible in other program \units by the USE
statement. [Entities without an explicitly speciftied access-spec have default accessibility, which is PUBLIC
unless the default has been changed by a PRIVATE statement (5.2.3).

An exampl¢ of an accessibility specification is:

REAL, PRIVATE :: X, Y, Z

5.1.2.3 INTENT attribute
An INTENT attribute specifies the intended use of the dummy argument.

R511  intgnt-spec is IN
or OUT
or INOUT

Constraint:| The INTENT attribute must not belspecified for a dummy argument that is a dummy
procedure or a dummy pointer.

The INTENT (IN) attribute specifies that®the dummy argument must not be redefined or become
undefined during the execution of the procedure.

The INTENT (OUT) attribute specifies that the dummy argument must be defined before a reference to
the dummy argument is made within the procedure and any actual argument that becomes associated
with such [a dummy argumentTnust be definable. On invocation of the procedure, such a dummy
argument blecomes undefined:

The INTENT (INOUT) attribute specifies that the dummy argument is intended for use both to receive
data from and to rettirn data to the invoking scoping unit. Any actual argument that becomes associated
with such 4 dummy-argument must be definable.

If no INTHNT “attribute is specified for a dummy argument, its use is subject to the limitations of the
associated actual argument (12.5.2.1, 12.5.2.2, 12.5.2.3).

An example of an INTENT specification is:

SUBROUTINE MOVE (FROM, TO)
USE PERSON_MODULE
TYPE (PERSON), INTENT (IN) :: FROM
TYPE (PERSON), INTENT (OUT) :: TO
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5.1.2.4 DIMENSION attribute

The DIMENSION attribute specifies that entities whose names are declared in this statement are arrays.
The rank or the rank and shape are specified by the array-spec, if there is one, in the entity-decl, or by
the array-spec in the DIMENSION attribute otherwise. An array-spec in an entity-decl specifies either the
rank or the rank and shape for a single array and overrides the array-spec in the DIMENSION attribute.
If the DIMENSION attribute is omitted, an array-spec must be specified in the entity-decl to declare an
array in this statement.

R512  array-spec is explicit-shape-spec-list
or_agssumed-shape-spec-list
or deferred-shape-spec-list
or assumed-size-spec

(Constraint: The maximum rank is seven.
Examples of DIMENSION attribute specifications are:

$UBROUTINE EX (N, A, B, S

REAL, DIMENSION (N, 10) :: W

REAL A (), B (0

REAL, POINTER :: D (:z, 2)

REAL, DIMENSION (:), POINTER :: P
REAL, ALLOCATABLE, DIMENSION (:) :: E
REAL :: S (N, *)

Automatic explicit-shape array
Assumed-shape arrays

Array pointer

Array pointer

Allocatable array

Assumed-gize array

8.1.2.4.1 Explicit-shape array

An explicit-shape array is a named array that is declared with an explicit-shape-spec-list. This|specifies
dxplicit values for the bounds in each dimension of the array.

R513  explicit-shape-spec is [ lowerchound : } upper-bound
R514  lower-bound is specification-expr
R51S  upper-bound is~Nspecification-expr

Constraint: An explicit-shape arfay whose bounds depend on the values of nonconstant expressions
must be a dummy,argument, a function result, or an automatic array of a procedurp.

An automatic array is an explicit-shape array that is declared in a procedure subprogram, is not 3 dummy
agrgument, and has bounds.that are nonconstant specification expressions.

ﬂ‘f an explicit-shape_@array has bounds that are nonconstant specification expressions, the boupds, and
ence shape, are détérmined at entry to the procedure by evaluating the bounds expressions. The bounds
f such an arfay are unaffected by any redefinition or undefinition of the specification ekpression
variables during execution of the procedure.

The values.of each lower-bound and upper-bound determine the bounds of the array along a particular
dimension and hence the extent of the array in that dimension. The value of a lower bound or [an upper
bound may be posmve negatxve or zero. The subscript range of the array in that dimension is he set of

poe : e er 3 not less
than the lower bound If the upper bound is less than the lower bound, the range is empty, the extent in
that dimension is zero, and the array is of zero size. If the lower-bound is omitted, the default value is 1.
The number of sets of bounds specified is the rank.

5.1.24.2 Assumed-shape array

An assumed-shape array is a nonpointer dummy argument array that takes its shape from the associated
actual argument array.

R516  assumed-shape-spec is [ lower-bound | :
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The rank is equal to the number of colons in the assumed-shape-spec-list.

The extent

of a dimension of an assumed-shape array is the extent of the corresponding dimension of the

associated actual argument array. If the lower bound value is d and the extent of the corresponding
dimension of the associated actual argument array is s, then the value of the upper bound is s + d — 1.
The lower bound is lower-bound, if present, and 1 otherwise.

5.1.24.3 Deferred-shape array

A deferred-

An allocata
bounds, ar

ALLOCAT

The ALLO
ALLOCAT
deferred-sh
statement (|
type declar

An array p
and rank
bounds, an
or by exec
array in a
attribute nf
statement,

R517  def
The rank is

The size, b
may be de
function th
lower and
array is all

The size, b
an array n
inquiry fun
association

1)
(2)

shape array is an array pointer or an allocatable array.

d hence shape, are determined when space is allocated for the array by execution of an
f statement (6.3.1).

CATABLE attribute may be specified for an array in a type declaration statement.br)in an
ABLE statement (5.2.6). An array with the ALLOCATABLE attribute must be declared with a
hpe-spec-list in a type declaration statement, an ALLOCATABLE statement, a DIMENSION
5.2.5), or a TARGET statement (5.2.8). The type and type parameters may’ be/specified in a
ation statement.

pinter is an array with the POINTER attribute and a specified rank. It§-type, type parameters,
re specified in a type declaration statement or a component definition statement, but its
d hence shape, are determined when it is associated with a target’by-pointer assignment (7.5.2)
ition of an ALLOCATE statement (6.3.1). The POINTER atfribute may be specified for an
ype declaration statement or in a POINTER statement (5.247).” An array with the POINTER
ust be declared with a deferred-shape-spec in a type declaration statement, a POINTER
br a DIMENSION statement (5.2.5).

brred-shape-spec is

equal to the number of colons in the deferred-shape-spec-list.

bunds, and shape of an unallocated allocatable array are undefined. No part of such an array
fined, nor may any part of it be refereniced except as an argument to an intrinsic inquiry
ht is inquiring about the allocation status or a property of the type or type parameters. The
upper bounds of each dimension (are' those specified in the ALLOCATE statement when the
cated.

bunds, and shape of the targep ‘of a disassociated array pointer are undefined. No part of such
ay be defined, nor may\any part of it be referenced except as an argument to an intrinsic
ction that is inquiring (about argument presence, a property of the type or type parameters, or
status. The bounds. of each dimension of an array pointer may be specified in two ways:

[hey are specified)in an ALLOCATE statement (6.3.1) when the target is allocated, or

[hey are specified in a pointer assignment statement. The lower bound of each dimension is
he result’of the LBOUND function (13.13.52) applied to the corresponding dimension of the
argeti>The upper bound of each dimension is the result of the UBOUND function (13.13.111)
hpplied to the corresponding dimension of the target.

The bounds of the array target or allocatable array are unalfected by any subsequent redefinition or
undefinition of variables involved in the bounds.

A pointer dummy argument may be argument associated only with a pointer actual argument. An actual
argument that is a pointer may be argument associated with a nonpointer dummy argument.

A function

46
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5.1.2.44 Assumed-size array

An assumed-size array is a dummy argument array whose size is assumed from that of an associated
actual argument. The rank and extents may differ for the actual and dummy arrays; only the size of the
actual array is assumed by the dummy array.

R518  assumed-size-spec is [ explicit-shape-spec-list , | [ lower-bound : | *

Constraint: The function name of an array-valued function must not be declared as an assumed-size
array.

The—si-ze—ef—a-n—assumﬂf‘ size AFFay is determined as follows:

(1) If the actual argument associated with the assumed-size dummy array is an array(of 4ny type
other than default character, the size is that of the actual array.

(2) If the actual argument associated with the assumed-size dummy array is an-array elgment of
any type other than default character with a subscript order value of r (6'2)2.2) in an prray of
size x, the size of the dummy array is x —r + 1.

(3) If the actual argument is a default character array, default characterarray element, or g default
character array element substring (6.1.1), and if it begins at chafagter storage unit t of an array
with ¢ character storage units, the size of the dummy array ds"MAX (INT ((c —t + 1)|/ e), 0),
where e is the length of an element in the dummy characterfarray.

The rank equals one plus the number of explicit-shape-specs.

Aln assumed-size array has no upper bound in its last dimension and therefore has no extent i its last
d{mension and no shape. An assumed-size array name must not be written as a whole array reference
except as an actual argument in a procedure reference for which the shape is not required |or in a
rdference to the intrinsic function LBOUND.

The bounds of the first n — 1 dimensions are those specified by the explicit-shape-spec-list, if prgsent, in
He assumed-size-spec. The lower bound of\‘the last dimension is lower-bound,-if present{ and 1
otherwise. An assumed-size array may be stibscripted or sectioned (6.2.2.3). The upper bound rhust not
b omitted from a subscript triplet in the last dimension.

-

ot

fl an assumed-size array has bourids that are nonconstant specification expressions, the boynds are
bclared at entry to the procedure. The bounds of such an array are unaffected by any redefirjition or
hdefinition of the specification-expression variables during execution of the procedure.

o

=4

[4))

1.2.5 SAVE attribute

he SAVE attribute spetifies that the objects declared in a declaration containing this attribute retpin their
Lsociation status, (allocation status, definition status, and value after execution of a RETURN jor END
fatement in the)scoping unit containing the declaration. Such an object is called a saved object.

o

Qbjects in thescoping unit of a module may be declared with a SAVE attribute. Such objects retpin their
absociation.status, allocation status, definition status, and value when any procedure that accgsses the
noduleiin’ a USE statement executes a RETURN or END statement.
d

bjects declared with the SAVE attribute in the scoping unit of a subprogram are shared by all instances
(12.5.2.4) of the subprogram.

The SAVE attribute must not be specified for an object that is in a common block, a dummy argument, a
procedure, a function result, or an automatic data object.

The SAVE attribute may appear in declarations in a main program and has no effect.
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5.1.2.6 OPTIONAL attribute

The OPTIONAL attribute may be specified only in the scoping unit of a subprogram or an interface
block, and may be specified only for dummy arguments. The OPTIONAL attribute specifies that the
dummy argument need not be associated with an actual argument in a reference to the procedure
(12.5.2.8). The PRESENT intrinsic function (13.13.80) may be used to determine whether an actual
argument has been associated with a dummy argument having the OPTIONAL attribute.

5.1.2.7 POINTER aftribute

The POINTER attribute specifies that the object must not be referenced or defined unless. as a result of

executing 4 pointer assignment (7.5.2) or an ALLOCATE statement (6.3.1), it becomes pointer associated
with a target object that may be referenced or defined. If the pointer is an array, it must be declared
with a deferred-shape-spec-list. An object with the POINTER attribute occupies an unspecified storage
unit (14.6.3.1). Examples of POINTER attribute specifications are:

TYPE (NOOE), POINTER :: CURRENT, TAIL
REAL, DIMENSION (:, :), POINTER :: IN, OUT, SWAP

5.1.2.8 TARGET attribute

The TAR(QET attribute specifies that the object may have a pointer associated with' it (7.5.2). An object
without the TARGET or POINTER attribute must not have an accessible (pointer associated with it.
Examples of TARGET attribute specifications are:

TYPE (NOQE), TARGET :: HEAD
REAL, DIMENSION (1000, 1000), TARGET :: A, B

5.1.2.9 AWLOCATABLE attribute

The ALLQCATABLE attribute specifies that objects declared in the statement are allocatable arrays.
Such arrays must be deferred-shape arrays whose shape\is determined when space is allocated for each
array by the execution of an ALLOCATE statement (6:3.1).

5.1.2.10 HEXTERNAL attribute

The EXTERNAL attribute specifies that an. object name in a declaration containing this attribute is an
external function or a dummy function.and permits the name to be used as an actual argument. This
attribute alJso may be declared via the EXTERNAL statement (12.3.2.2).

5.1.2.11 INTRINSIC attribute

The INTRINSIC attribute specifies that an object name in a declaration containing this attribute must be
the specifit or generic name of an intrinsic function and permits the name to be used as an actual
argument if it is a spegific name of an intrinsic function (13.12). This attribute also may be declared via
the INTRINSIC statément (12.3.2.3).

5.2 Aftribute specification statements

All attributes (other than type) may be specitied for entities, independently of type, by single attribute
specification statements. The combination of attributes that may be specified for a particular entity is
subject to the same restrictions as for type declaration statements regardless of the method of
specification. This also applies to EXTERNAL and INTRINSIC statements.

5.2.1 INTENT statement
R519  intent-stmt is INTENT ( intent-spec ) | :: | dummy-arg-name-list
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Constraint: An intent-stmt may appear only in the specification-part of a subprogram or an
body (12.3.2.1).

interface

Constraint: dummy-arg-name must not be the name of a dummy procedure or a dummy pointer.

This statement specifies the intended use of the specified dummy arguments (5.1.2.3). Each specified

dummy argument has the INTENT attribute.
An example of an INTENT statement is:

SUBROUTINE EX (A, B)
INTENT (INOUT) =z A, B

2.2 OPTIONAL statement
520  optional-stmt is OPTIONAL { :: | dummy-arg-name-list

onstraint: An optional-stmt may occur only in the scoping unit of a subprogram, ofan interfac

‘feument on an invocation of the procedure (12.5.2.8). Each specifiedsdummy argument
PTIONAL attribute.

n example of an OPTIONAL statement is:

UBROUTINE EX (A, B)
OPTIONAL :: A

5(2.3 Accessibility statements

RI521  access-stmt is access-spec [\[N&] access-id-list |
R522  access-id is use-name

or generic-Spec

(onstraint: An access-stmt may appear 'only in the scoping unit of a module. Only one acc
statement with an omitted @ecess-id-list is permitted in the scoping unit of a module.

{onstraint: Each use-name must bej'the name of a named variable, procedure, derived type
constant, or namelist group.

(Jonstraint: A module profedure that has a dummy argument or function result of a type
PRIVATE aécessibility must have PRIVATE accessibility and must not have a
identifier that has PUBLIC accessibility.

his statement declares the accessibility, PUBLIC or PRIVATE, of the entities (5.1.2.2). A proced
bs a generic identifier (12.3.2.1) that is public is accessible through the generic identifier ev|
becific name.is_private.

= ]

w

I§ an access-stmt without an access-id-list appears in the scoping unit of a module, the statement
default-accessibility that applies to all potentially accessible entities in the scoping unit of the
The 'statement

5
R
d
This statement specifies that any of the specified dummy arguments need not belassociated with an actual
d
A
S

> body.

has the

pssibility

named

hat has
generic

ure that
en if its

sets the
module.

PUBLIU
sets the default to public accessibility. The statement

PRIVATE

sets the default to private accessibility. If no such statement appears in a module, the default is public

accessibility.

49


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

Examples of

accessibility statements are:

MODULE EX
PRIVATE
PUBLIC :: A, B, C, ASSIGNMENT (=), OPERATOR (+)
5.2.4 SAVE statement
R523  save-stmt is SAVE [ [ :: | saved-entity-list |
R524  saved-entity is object-name
or / common-block-name /
Constraint: | An object-name must not be a dummy argument name, a procedure name, a function result
name, an automatic data object name, or the name of an entity in a common block.
Constraint: | If a SAVE statement with an omitted saved entity list occurs in a scoping unit,~-no other
explicit occurrence of the SAVE attribute or SAVE statement is permitted in.the same
scoping unit.
All objects famed explicitly or included within a common block named explicitly have-the SAVE attribute
(5.1.2.5). If a particular common block name is specified in a SAVE statement in@ny’scoping unit of an
executable program other than the main program, it must be specified in a SAVE statement in every

scoping uni
common bl
storage seqy
next scopin
name or ac
main progr
scoping uni
common bl
block storag

A SAVE st
allowed ite

A SAVE st
An example

SAVE A, B

]

in which that common block appears except in the scoping unit,of\the main program. For a
bck declared in a SAVE statement, the current values of the objects in a common block
ence (5.5.2.1) at the time a RETURN or END statement is execdted are made available to the
unit in the execution sequence of the executable program. that specifies the common block
Fesses the common block. If a named common block is“specified in the scoping unit of the
m, the current values of the common block storage’sequence are made available to each
that specifies the named common block. The definition status of each object in the named
bck storage sequence depends on the association® that has been established for the common
e sequence.

b
P

htement with an empty saved entity list“is” treated as though it contained the names of all
s in the same scoping unit.

ement may appear in the specification part of a main program and has no effect.
of a SAVE statement is:
C, / BLOCKA /, D

5.25 DI
R525 di

This statem
the array pr

An example

Mj:lSION statement

is DIMENSION [ :: ] array-name ( array-spec ) B
B [ . array-name ( array-spec ) ] ...

nsion-stmt

bnt specifies a list of object names to have the DIMENSION attribute (5.1.2.4) and specifies
operties'that apply for each object named.

6t-a DIMENSION statement is:

DIMENSION

A (1O, B (10, 70, C (-3:12, %

5.2.6 ALLOCATABLE statement

R526

Constraint:

50

allocatable-stmt

is ALLOCATABLE [ :: ] array-name B
B | ( deferred-shape-spec-list ) | B
B [, array-name | ( deferred-shape-spec-list ) 1] ...

The array-name must not be a dummy argument or function result.
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Constraint: If the DIMENSION attribute for an array-name is specified elsewhere in the scoping unit,
the array-spec must be a deferred-shape-spec-list.

This statement specifies a list of array names that have the ALLOCATABLE attribute (5.1.2.9). The
shape of an allocatable array is determined when space is allocated for the array by the execution of an
ALLOCATE statement (6.3.1).

An example of an ALLOCATABLE statement is:

REAL A, B (2)
ALLOCATABLE :: A (:, ), B

2.7 POINTER statement

527 pointer-stmt is POINTER [ :: ]| object-name B
B | ( deferred-shape-spec-list ) | B
B [, object-name [ ( deferred-shape-spec-list) ] | ...

=~ O

0

bnstraint: The INTENT attribute must not be specified for an object-name.

0

onstraint: If the DIMENSION attribute for an object-name is specified, elséewhere in the scopipg unit,
the array-spec must be a deferred-shape-spec-list.

bnstraint: The PARAMETER attribute must not be specified for aniebject-name.

bs the POINTER attribute must not be referenced or defined unless, as a result of executing a| pointer
signment (7.5.2) or an ALLOCATE statement (6.3.1), it becomes pointer associated with a targgt object
tHat may be referenced or defined.

d
This statement specifies a list of object names that have the POINTER attribute (5.1.2.7). An object that
h
a

Aln example of a POINTER statement is:
TYPE (NODE) :: CURRENT

PDINTER :: CURRENT, A (:, )
5[2.8 TARGET statement

RB28  target-stmt is' TARGET [ :: ] object-name | ( array-spec ) | R
M [, object-name [ ( array-spec ) ] ] ...

onstraint: The PARAMETER attribute must not be specified for an object-name.

C

This statement specifies—a .list of object names that have the TARGET attribute and thus may have
ppinters associated with them.

A

n example of a FTARGET statement is:
TARGET :: A1000, 1000), B

5/2.9 DATA statement

A DATA statement is used to provide initial values for variables.

R529  data-stmt is DATA data-stmt-set | | , | data-stmt-sef | ...
A variable, or part of a variable, must not be initialized more than once in an executable program.

A variable that appears in a DATA statement and has not been typed previously may appear in a
subsequent type declaration only if that declaration confirms the implicit typing. An array name, array
section, or array element that appears in a DATA statement must have had its array properties

established by a previous specification statement.
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Except for variables in named common blocks, a named variable has the SAVE attribute if any part of it
is initialized in a DATA statement, and this may be confirmed by a SAVE statement or a type declaration
statement containing the SAVE attribute.

R530 data-stmt-set is data-stmt-object-list / data-stmt-value-list /
R531  data-stmt-object is variable

or data-implied-do
R532  data-stmt-value is | data-stmt-repeat * | data-stmt-constant
R533  data-stmt-constant is _scalar-constant

or signed-int-literal-constant
or signed-real-literal-constant
or structure-constructor

or boz-literal-constant

R534  dala-stmt-repeat is scalar-int-constant
R535  daja-implied-do is ( data-i-do-object-list , data-i-do-variable = B
B scalar-int-expr , scalar-int-expr | , scalar-inteipr ] )
R536  daja-i-do-object is array-element
or scalar-structure-component
or data-implied-do

Constraint] The array-element must not have a constant parent.

Constraint] The scalar-structure-component must not have a constant parent.

R537  dala-i-do-variable is scalar-int-variable

Constraint{ data-i-do-variable must be a named variable.

Constraint{ The DATA statement repeat factor must be\positive or zero. If the DATA statement repeat
factor is a named constant, it must have been declared previously in the scoping unit or
made accessible by use association orhost association.

Constraint{ If a data-stmt-constant is a struefureé-constructor, each component must be an initialization
expression.

Constraint| In a variable that is a data=stint-object, any subscript, section subscript, substring starting
point, and substring ending point must be an initialization expression.

Constraint| A variable whose_name or designator is included in a data-stmt-object-list or a data-i-do-
object-list must.'not be: a dummy argument, made accessible by use association or host
association, in_a named common block unless the DATA statement is in a block data
program ufity in a blank common block, a function name, a function result name, an
automatic’object, a pointer, or an allocatable array.

Constraint} In ar-array-element or a scalar-structure-component that is a data-i-do-object, any subscript
must” be an expression whose primaries are either constants or DO wvariables of the
containing data-implied-dos, and each operation must be intrinsic.

Constraint: A scalar-int-expr of a data-implied-do must involve as primaries only constants or DO

variables of the containing data-implied-dos, and each operation must be intrinsic.

The data-stmt-object-list is expanded to form a sequence of scalar variables. An array whose unqualified
name appears in a data-stmt-object-list is equivalent to a complete sequence of its array elements in array
element order (6.2.2.2). An array section is equivalent to the sequence of its array elements in array
element order. A data-implied-do is expanded to form a sequence of array elements and structure
components, under the control of the implied-DO variable, as in the DO construct (8.1.4.4).
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Note that zero-sized arrays and implied-DO lists with iteration counts of zero contribute no variables to
the expanded sequence of scalar variables, but that a zero-length character variable does contribute a
variable to the list.

The data-stmt-value-list is expanded to form a sequence of scalar constant values. Each such value must
be a constant that is either previously defined or made accessible by a use association or host association.
A data statement repeat factor indicates the number of times the following constant is to be included in
the sequence; omission of a data statement repeat factor has the effect of a repeat factor of 1. Note that
values with a repeat factor of zero contribute no values to the expanded sequence of scalar constant
values.

he expanded sequences of scalar variables and constant values are in one-to-one correspondente. Each
nstant specifies the initial value for the corresponding variable. The lengths of the two ‘¢xpanded
spquences must be the same.

If an object is of type character or logical, the corresponding constant must be of the.same typ¢. When
the object is of type real or complex, the corresponding constant must be of, type integer,|real, or
mplex. When the object is of type integer, the corresponding constant either-must be of typd integer,
real, or complex, or must be a binary, octal, or hexadecimal literal constants If an object is of derived
type, the corresponding constant must be of the same type.

he value of the constant must be compatible with its corresponding\variable according to thel rules of
iftrinsic assignment (7.5.1.4), and the variable becomes initially defined with the value of the copstant in
ccordance with the rules of intrinsic assignment.

xamples of DATA statements are:

HARACTER (LEN = 10) NAME

NTEGER, DIMENSION (0:9) :: MILES

EAL, DIMENSION (100, 100) :: SKEW

YPE (PERSON) MYNAME, YOURNAME

ATA NAME / 'JOHN DOE' /, MILES / 10 ».@/

ATA ((SKEW (K, J), 4 =1, K), K=1,7100 / 5050 = 0.0 /

ATA ((SKEW (K, J), J =K + 1, 1000,"K =1, 99) / 4950 » 1.0 /
ATA MYNAME / PERSON (21, 'JOHN SMITH') /

ATA YOURNAME % AGE, YOURNAME 7-NAME / 35, 'FRED BROWN' /

The character variable NAME is.initialized with the value JOHN DOE with padding on the righ{ because
the length of the constant is7less than the length of the variable. All ten elements of the integer array
MILES are initialized to zero, The two-dimensional array SKEW is initialized so that the lower tifiangle of
9KEW is zero and thé strict upper triangle is one. The structures MYNAME and YOURNAME are
declared using the derived type PERSON from 4.4.1. MYNAME is initialized by a structure corjstructor.
OURNAME is irfitialized by supplying a separate value for each component.

§2.10 PARAMETER statement

The PARAMETER statement provides a means of defining a named constant. Named constant$ defined
By adPARAMETER statement have exactly the same properties and restrictions as those declared |n a type
qtatement specifying a PARAMETER attribute (5.1.2.1).

R538  parameter-stmt is PARAMETER ( named-constant-def-list )

R539  named-constant-def is named-constant = initialization-expr

The named constant must have its type, shape, and any type parameters specified either by a previous
occurrence in a type declaration statement in the same scoping unit, or by the implicit typing rules
currently in effect for the scoping unit. If the named constant is typed by the implicit typing rules, its
appearance in any subsequent type declaration statement must confirm this implied type and the values of
any implied type parameters.
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Each named constant becomes defined with the value determined from the initialization expression that

appears on

the right of the equals, in accordance with the rules of intrinsic assignment (7.5.1.4).

A named constant that appears in the initialization expression must have been defined previously in the
same PARAMETER statement, defined in a prior PARAMETER statement or type declaration statement
using the PARAMETER attribute, or made accessible by use association or host association.

A named constant must not appear as part of a format specification (10.1.1).
Each named constant has the PARAMETER attribute.
An example of a PARAMETER statement is:

PARAMETER

5.3 IMPLI

In a scopin
typed data
may indical

R540  imy
R541
R542

imy
lett

Constraint:

Constraint:

A letter-spe
the letters i
For exampl
included in

In each sco
a type (and
spec-list. 1I
a letter, the
with the de

IMPLICIT

Any data e
and is not

(and type 1
data entity

(MODULUS = MOD (28, 3), NUMBER_OF_SENATORS = 100)

CIT statement

b unit, an IMPLICIT statement specifies a type, and possibly type parameters, for all-implicitly
entities whose names begin with one of the letters specified in the statement. Alternatively, it
e that no implicit typing rules are to apply in a particular scoping unit.

licit-stmt is IMPLICIT implicit-spec-list

or IMPLICIT NONE
licit-spec is type-spec ( letter-spec-list )
br-spec is letter [ - letter |

If IMPLICIT NONE is specified in a scoping unit, itimust precede any PARAMETER
statements that appear in the scoping unit and there must be no other IMPLICIT statements
in the scoping unit.

If the minus and second letter appear, thetsecond letter must follow the first letter
alphabetically.

r consisting of two letters separated by awninus is equivalent to writing a list containing all of
h alphabetical order in the alphabetic sequence from the first letter through the second letter.
b A-C is equivalent to A, B, C.,The same letter must not appear as a single letter, or be
a range of letters, more than once i’ all of the IMPLICIT statements in a scoping unit.

bing unit, there is a mapping,-which may be null, between each of the letters A, B, ..., Z and

type parameters). An IMPEICIT statement specifies the mapping for the letters in its letter-
MPLICIT NONE specifies the null mapping for all the letters. If a mapping is not specified for
default is the mapping-in the host scoping unit. A program unit is treated as if it had a host
rlaration

[INTEGER (I-N).,”REAL (A-H, 0-2)

htity thatds)not explicitly declared by a type declaration statement, is not an intrinsic function,
made _accessible by use association or host association is declared implicitly to be of the type
arafmeters) mapped from the first letter of its name, provided the mapping is not null. The
is“treated as if it were declared in an explicit type declaration in the outermost scoping unit in

which it appears.

An explicit type specitication in a FUNCUIION statement overrides an IMPLICTI

statement for the name of that function subprogram.

The followi

ng are examples of the use of IMPLICIT statements:

MODULE EXAMPLE_MODULE
IMPLICIT NONE
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INTERFACE
FUNCTION FUN (I) I ALl data entities must
INTEGER FUN, I ! be declared explicitly
END FUNCTION FUN
END INTERFACE

CONTAINS
FUNCTION JFUN (J) I ALl data entities must
INTEGER JFUN, J | be declared explicitly.

END FUNCTION JFUN

ISO/IEC 1539 : 1

END MODULE EXAMPLE_MODULE

SUBROUTINE SUB
IMPLICIT COMPLEX (C)
c=@G.0, 2.0 t C is implicitly decltared COMPLEX
CONTAINS
SUBROUTINE SUB1
IMPLICIT INTEGER (A, C)
¢ = (0.0, 0.0) 't C is host associated and of

I type complex

.0 I Z is implicitly declared REAL
I
!

1
2 A is implicitly declared INTEGER
=1 CC 1s implicitly declared\  INTEGER

o> N

END SUBROUTINE SUB1

SUBROUTINE SUBZ2
2=2.0 i 2 is implicitly.declared REAL and
| is different~from the variable of
I the same name in SUB1

END SUBROUTINE SUBZ2

SUBROUTINE SuB3

USE EXAMPLE_MODULE- ! Accesses integer function FUN
! by use association
|
|

Q = FUN (K)

END SUBROUTINE SUB3
ND SUBROUTINE™ SUB

> m

n IMPLICJIT statement may specify a type-spec of derived type.
atementand a type defined as follows:

MPLICIT TYPE (POSN) (A-B, W-2), INTEGER (C-V)

w

I Q@ is implicitly declared REAL and
I K is implicitly declared INTEGER

For example, given an IN

991 (E)

IPLICIT

—_

YPE POSN
REAL X, Y
INTEGER Z

END TYPE POSN

variables beginning with the letters A, B, W, X, Y, and Z are implicitly typed with the type POSN and

the remaining variables are implicitly typed with type INTEGER.
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54 NAM

ELIST statement

A NAMELIST statement specifies a group of named data objects which can then be referred to by a single
name for the purpose of data transfer (9.4, 10.9).

R543  namelist-stmt

R544  namelist-group-object

Constraint:

Constraint:

The order

is NAMELIST / namelist-group-name / B
B namelist-group-object-list A
B [ [, ]/ namelist-group-name / B
M namelist-group-object-list | ...

is variable-name

A namelist-group-object must not be an array dummy argument with a nonconstant bound)
a variable with nonconstant character length, an automatic object, a pointer, a variable ©f<a
type that has an ultimate component that is a pointer, or an allocatable array.

If a namelist-group-name has the PUBLIC attribute, no item in the namelist-group-object-list

may have the PRIVATE attribute.
n which the data objects (variables) are specified in the NAMELIST statement determines the

order in which the values appear on output.

Any name

ist-group-name may occur in more than one NAMELIST statement«iriJa scoping unit. The

namelist-grpup-object-list following each successive appearance of the same famelist-group-name in a

scoping un
A namelist

A namelist
parameters

t is treated as a continuation of the list for that namelist-group-name.
group object may be a member of more than one namelist group.

group object must either be accessed by use or host assogiation or must have its type, type
and shape specified by previous specification statements in the same scoping unit or by the

implicit typing rules currently in effect for the scoping unit. vIfa namelist group object is typed by the

implicit ty

implied type.

An exampl

NAMELIST

bing rules, its appearance in any subsequent type declaration statement must confirm this

1]

b of a NAMELIST statement is:
/NLIST/ A, B, C

5.5 Storgge association of datatobjects

In general,

the physical storage units-or/ storage order for data objects is not specifiable. However, the

EQUIVALENCE statement, the COMMON statement, and the SEQUENCE statement provide for control
of the ord¢r and layout of storage’/units. The general mechanism of storage association is described in

14.6.3.

5.5.1 EQU

An EQUIV
scoping un

If the equi
not cause t

|VALENCE statement

ALENCE statement is used to specify the sharing of storage units by two or more objects in a
t. This causes storage association of the objects that share the storage units.

valenced objects have differing type or type parameters, the EQUIVALENCE statement does

ype conversion or imply mathematical equivalence. I a scalar and an array are equivalenced,

the scalar does not have array properties and the array does not have the properties of a scalar.

R545  equivalence-stmt
R546  equivalence-set

R547  equivalence-object

is EQUIVALENCE equivalence-set-list
is ( equivalence-object , equivalence-object-list )

is variable-name
or array-element
or substring

——
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Constraint: An equivalence-object must not be a dummy argument, a pointer, an allocatable array, an
object of a nonsequence derived type or of a sequence derived type containing a pointer at
any level of component selection, an automatic object, a function name, an entry name, a
result name, a named constant, a structure component, or a subobject of any of the
preceding objects.

Constraint: Each subscript or substring range expression in an equivalence-object must be an integer
initialization expression (7.1.6.1). ‘

Constraint: If an equivalence-object is of type default integer, default real, double precision real, default
complex, default logical, or numeric sequence type, all of the objects in the equivalence set
must be of these types.

(onstraint: If an equivalence-object is of type default character or character sequence typ€, 3ll of the
objects in the equivalence set must be of these types.

(Constraint: If an equivalence-object is of a derived type that is not a numeric Sequence or tharacter
sequence type, all of the objects in the equivalence set must be of the same type.

(Constraint: If an equivalence-object is of an intrinsic type other than defaulf\integer, default real, double
precision real, default complex, default logical, or default character, all of the obje¢ts in the
equivalence set must be of the same type with the same kihd)type parameter value.

8.5.1.1 Equivalence association

An EQUIVALENCE statement specifies that the storage sequences (14.6.3.1) of the data objects|specified
ih an equivalence-set are storage associated. All of the nanzero-sized sequences in the equivalerjce-set, if
4ny, have the same first storage unit, and all of the zerosized sequences in the equivalence-set, if|any, are
dtorage associated with one another and with the first(8torage unit of any nonzero-sized sequendes. This
dauses the storage association of the data objects in‘the equivalence-set and may cause storage association
qf other data objects.

5.5.1.2 Equivalence of default character objects

A data object of type default character-may be equivalenced only with other objects of typg default
dharacter. The lengths of the equivalenced objects are not required to be the same.

An EQUIVALENCE statement specifies that the storage sequences of all the default character data objects
pecified in an equivalence-sef are storage associated. All of the nonzero-sized sequencef in the
quivalence-set, if any, have-the same ftirst character storage unit, and all of the zero-sized seqyiences in
e equivalence-set, if any, are storage associated with one another and with the first charactef storage
nit of any nonzerd-sized sequences. This causes the storage association of the data objecfs in the
quivalence-set andy,'may cause storage association of other data objects. For example, ysing the
eclarations:

HARACTER. \/(LEN = :
HARACTER/ (LEN = :
QUIVALENCE (A, C (1)), (B, C (2))

o0t

he-association of A, B, and C can be illustrated graphically as:

1 2 3 4 5 6 7

- —a = —

I-— ¢ | |-— @ -
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5.5.1.3 Array names and array element designators

For a nonzero-sized array, the use of the array name unqualified by a subscript list in an EQUIVALENCE
statement has the same effect as using an array element designator that identifies the first element of the

array.

5.5.1.4 Res

trictions on EQUIVALENCE statements

An EQUIVALENCE statement must not specify that the same storage unit is to occur more than once in a

storage sequ

ence. For example,

REAL, DIMENSION (2) T A

REAL :: B
EQUIVALENG

is prohibited
statement m
following is

REAL A (2)
DOUBLE PRE
EQUIVALENC

E (A (1), B), (A (2), B) ! Not standard conforming

, because it would specify the same storage unit for A (1) and A (2). An EQUIVAEENCE
ust not specify that consecutive storage units are to be nonconsecutive. For example, the
prohibited:

CISION D (2)
E@M, DM, (A, D) ! Not standard conforming

5.5.2 COMMON statement

The COMM
accessed by
a global d4
COMMON
called blank

R548 com

R549

Constraint:

Constraint:

Constraint:
Constraint:

Constraint:

common-block-object

ION statement specifies blocks of physical storage, called/common blocks, that may be
any of the scoping units in an executable program. Thus,\the COMMON statement provides
ta facility based on storage association (14.6.3). THhe“common blocks specified by the
statement may be named and are called named common blocks, or may be unnamed and are
common.

is COMMON [ / [ edmmon-block-name | / | B
B common-block-object-list W
B |[.] /| common-block-name ]/
B comnmon-block-object-list ] ...

rmon-stmt

is variablesname | ( explicit-shape-spec-list ) |

Only one appearance of a_given variable-name is permitted in all common-block-object-lists
within a scoping unit.

A common-block-objéct must not be a dummy argument, an allocatable array, an
automatic object, @ fiinction name, an entry name, or a result name.

Each bound ir the explicit-shape-spec must be a constant specification expression (7.1.6.2).
If a comnion=block-object is of a derived type, it must be a sequence type (4.4.1).

If a varidble-name appears with an explicit-shape-spec-list, it must not have the POINTER
attribute.

In each CQ

MMON statement, the data objects whose names appear in a common block object list

following a common block name are declared to be in that common block. If the first common block
name is omitted, all data objects whose names appear in the first common block object list are specified
to be in blank common. Alternatively, the appearance of two slashes with no common block name
between them declares the data objects whose names appear in the common block object list that follows
to be in blank common.

Any common block name or an omitted common block name for blank common may occur more than
once in one or more COMMON statements in a scoping unit. The common block list following each
successive appearance of the same common block name in a scoping unit is treated as a continuation of
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the list for that common block name. Similarly, each blank common block object list in a scoping unit is
treated as a continuation of blank common.

The form wvariable-name ({explicit-shape-spec-list) declares variable-name to have the DIMENSION
attribute and specifies the array properties that apply. 1f derived-type objects of numeric sequence type
(4.4.1) or character sequence type (4.4.1) appear in common, it is as if the individual components were
enumerated directly in the common list.

Examples of COMMON statements are:

COMMON /BLOCKA/ A, B, D (10, 30)
GOMMON——3—¥K

§56.2.1 Common block storage sequence
Fpr each common block, a common block storage sequence is formed as follows:

(1) A storage sequence is formed consisting of the sequence of storage unifs containedl in the
storage sequences (14.6.3.1) of all data objects in the common block object lists| for the
common block. The order of the storage sequences is the same as‘the order of the appearance
of the common block object lists in the scoping unit.

(2) The storage sequence formed in (1) is extended to include.all storage units of any| storage
sequence associated with it by equivalence association. The'sequence may be extended|only by
adding storage units beyond the last storage unit. Data objects associated with an enftity in a
common block are considered to be in that commonyblock.

[4)]

5.2.2 Size of a common block

1

he size of a common block is the size of its commonblock storage sequence, including any extemsions of
he sequence resulting from equivalence association:

las

5.2.3 Common association

Vithin an executable program, the common block storage sequences of all nonzero-sized commop blocks
ith the same name have the same first storage unit, and the common block storage sequencps of all
bro-sized common blocks with tHe jsame name are storage associated with one another. WIithin an
kecutable program, the common block storage sequences of all nonzero-sized blank common blotks have
he same first storage unit andithe storage sequences of all zero-sized blank common blocks are agsociated
ith one another and with-the’first storage unit of any nonzero-sized blank common blocks. This results

the association of objectsin different scoping units.

S o ® N < < O

—

nonpointer objectsof/default integer type, default real type, double precision real type, defaultcomplex
type, default logical’type, or numeric sequence type must become associated only with nonpointer objects
these types.

nonpointer object of type default character or character sequence type must become associated only
ith nonpointer objects of these types.

nonpointer object of a derived type that is not a numeric sequence or character sequence type must
come associated only with nonpointer abjects of the same type

A nonpointer object of intrinsic type other than default integer, default real, double precision real, default
complex, default logical, or default character must become associated only with nonpointer objects of the

same type and type parameters.

A pointer must become storage associated only with pointers of the same type, type parameters, and
rank.
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5.5.2.4 Differences between named common and blank common

A blank common block has the same properties as a named common block, except for the following:

(1)

(2)

(3)

Execution of a RETURN or END statement may cause data objects in a named common block
to become undefined unless the common block name has been declared in a SAVE statement,
but never causes data objects in blank common to become undefined (14.7.6).

Named common blocks of the same name must be of the same size in all scoping units of an
executable program in which they appear, but blank common blocks may be of different sizes.

A data object in a named common block may be initially defined by means of a DATA

itatement or type declaration statement in a block data program unit, but objects in blank
Fommon must not be initially defined (11.4).

5.5.2.5 Restrictions on common and equivalence

An EQUIVIALENCE statement must not cause the storage sequences of two different commen’blocks to
be associatpd. Equivalence association must not cause a common block storage sequenceto be extended

by adding|storage units preceding the first storage unit of the first object specified\dn a COMMON
statement flor the common block. For example, the following is not permitted:

COMMON /X¥/ A

REAL B

@

EQUIVALENCE (A, B (2)) I Not standard conforming

A commor| block may be declared in the scoping unit of a module (11.8). “If it is, it must not be declared
in another [scoping unit that accesses entities from the module by use-association.
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Section 6 : Use of data objects

The appearance of a data object name or subobject designator in a context that requires its value is
termed a reference. A reference is permitted only if the data object is defined. A reference to a pointer is
permitted only if the pointer is associated with a target object that is defined. A data object becomes
defined with a value when the data object name or subobject designator appears in certain contexts and
when certain events occur (14.7).

R601  variable is scalar-variable-name
or array-variable-name
or subobject

Constraint: array-variable-name must be the name of a data object that is an array!
Constraint: array-variable-name must not have the PARAMETER attribute.
Constraint:  scalar-variable-name must not have the PARAMETER attribute{

Constraint: subobject must not be a subobject designator (for examplé, a'substring) whose phrent is a

constant.
R602  subobject is array-element
or array-section
or structure-component
or substring
R603  logical-variable is wvariable

Constraint: logical-variable must be of type logical:

R604  default-logical-variable is varidhble

Constraint:  default-logical-variable must.be of type default logical.
R605  char-variable i y'variable

Constraint: char-variable must be-of type character.

R606  default-char-variable is variable

Constraint:  default-char-variable must be of type default character.
R607  int-variable is variable

Constraint:  int-variable must be of type integer.

R608  defaitit-int-variable is variable

Constraint;)  default-int-variable must be of type default integer.

Pointers and allocatable arrays must not be defined in circumstances explained in 5.1.2.4.3.| Dummy
arguments or variables associated with dummy arguments must not be defined in circumstances lexplained
w1252 and 1275278

A literal constant is a scalar denoted by a syntactic form which indicates its type, type parameters, and
value. A named constant is a constant that has been associated with a name with the PARAMETER
attribute (5.1.2.1, 5.2.10). A reference to a constant is always permitted; redefinition of a constant is
never permitted.
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For example, given the declarations:

CHARACTER (10D
TYPE (PERSON)

A, B (10)

I See 4.4.1

then A, B, B (1), B (1:5), P % AGE, and A (1:1) are all variables.

6.1 Scalars
A scalar (2.4.4)

type.

is a data entity that can be represented by a single value of the data type and that is not

an array (6.2)—1Its value,if defined is a single element from the set of values that characterize its data

A scalar has|rank zero.

6.1.1 Substrings

A substring [is a contiguous portion of a character string (4.3.2.1). The following rules define the forms

of a substring:
R609  subgtring
R610  pargnt-string

Ré611  subgtring-range

is parent-string ( substring-range )

is scalar-variable-name

or array-element

or scalar-structure-component
or scalar-constant

is [ scalar-int-expr ] : [ scalar-intsexpr |

Constraint: | parent-string must be of type character.

The first scqlar-int-expr in substring-range is called the starting point and the second one is called the

ending point.

The length of a substring is the number of characters in the substring and is

MAX (I — f|+ 1, 0), where f and [ are the starting and ending points, respectively.

Let the chafacters in the parent string be numberdd 1, 2, 3, ..., n, where n is the length of the parent
string. Thef the characters in the substring are\those from the parent string from the starting point and
proceeding |n sequence up to and including thé ending point. Both the starting point and the ending
point must e within the range 1, 2, ..., n_tnless the starting point exceeds the ending point, in which case
the substring has length zero. If the starting point is not specified, the default value is 1. If the ending
point is not pecified, the default valde is n.

If the parenf is a variable, the substring is also a variable.

Examples of|character substrings are:

BUEH) (1:5

P % NAME (1:1)

ID (4:9)
'0123456789"' (N:N)

array element as parent string
structure component as parent string
scalar variable name as parent string
character constant as parent string

6.1.2 Structure components

A structure component is one of the components of a structure or is an array whose elements are
components of the elements of an array of derived type.

Ré12  data-ref
R613  part-ref

Constraint:

62

is part-ref | % part-ref ] ...

is part-name [ ( section-subscript-list ) ]

In a data-ref, each part-name except the rightmost must be of derived type.
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Constraint: In a data-ref, each part-name except the leftmost must be the name of a component of the
derived type definition of the type of the preceding part-name.

Constraint: In a part-ref containing a section-subscript-list, the number of section-subscripts must equal
the rank of part-name.

The rank of a part-ref of the form part-name is the rank of part-name. The rank of a part-ref that has a
section subscript list is the number of subscript triplets and vector subscripts in the list,

Constraint: In a data-ref, there must not be more than one part-ref with nonzero rank. A part-name to
the right of a part-ref with nonzero rank must not have the POINTER attribute.

e rank of a data-ref is the rank of the part-ref with nonzero rank, if any; otherwise, the rank |is zero.
he parent object of a data-ref is the data object whose name is the leftmost part name.

T
T
Ré14  structure-component is data-ref
C

bnstraint: In a structure-component, there must be more than one part-ref and the tightmost |part-ref
must be of the form part-name.

The type and type parameters, if any, of a structure component are those of the/rightmost part name. A
stfucture component must not be referenced or defined before the declaration of the parent object. A
stfucture component has the INTENT, TARGET, or PARAMETER attribute if the parent object|has the
attribute. A structure component is a pointer only if the rightmostipart name is defined to have the
POINTER attribute.

Examples of structure components are:

SCALAR_PARENT % SCALAR_FIELD scalar component of scalar parent
ARRAY_PARENT (J) % SCALAR_FIELD component of array element parent
ARRAY PARENT (1:N) % SCALAR FIELD" component of array section parent

612 Arrays

Ah array is a set of scalar data, all of thé.same type and type parameters, whose individual elements are
afranged in a rectangular pattern. The‘scalar data that make up an array are the array elements.

Np order of reference to the elements of an array is indicated by the appearance of the array name or
d¢signator, except where array‘element ordering (6.2.2.2) is specified.

2.1 Whole arrays

whole array is a named array.

nstant expression (5.1.2.1 and 5.2.10) that is an array. A whole array variable is the name of a
hriable that\is an array; the name does not have a subscript list appended to it.

é
A
Al whole array i either a named constant or variable. A whole array named constant is the nane of a
C
v
The appearance of a whole array variable in an executable construct specifies all the elements of the array
2

(4.4:5n " An assumed-size array is permitted to appear as a whole array in an executable construct|only as
al_actual argument in a procedure reference that does not require the shape

The appearance of a whole array name in a nonexecutable statement specifies the entire array.

6.2.2 Array elements and array sections
R615  array-element is data-ref

Constraint: In an array-element, every part-ref must have rank zero and the last part-ref must contain a
subscript-list.
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Ré616  array-section is data-ref | ( substring-range ) |

Constraint

. In an array-section, exactly one part-ref must have nonzero rank, and either the final part-
ref has a section-subscript-list with nonzero rank or another part-ref has nonzero rank.

Constraint: In an array-section with a substring-range, the rightmost part-name must be of type
character.

Ré617  subscript is scalar-int-expr
R618  section-subscript is subscript

orcubecripttyinlot

L L

or vector-subscript
R619  subscript-triplet is [ subscript ]| : | subscript | | : stride |
R620  strde is scalar-int-expr
R621  vegtor-subscript is int-expr
Constraint| A vector-subscript must be an integer array expression of rank one.
Constraint| The second subscript must not be omitted from a subscript-triplet in(the last dimension of

an assumed-size array.

An array ¢lement is a scalar. An array section is an array. If a substring-range is present in an array-
section, eakh element is the designated substring of the corresponding element of the array section. For
example, with the declarations:

REAL A (10, 100
CHARACTER (LEN = 10) B (5, 5, 5

A, 2)is

an array element, A (1:N:2, M) is a rank-one array-section, and B (:, :, :) (2:3) is an array of

shape (5, 4, 5) whose elements are substrings of length 2 ofsthe corresponding elements of B.

An array ¢lement or an array section has the INTENT, TARGET, or PARAMETER attribute if its parent

has the att

Examples

ribute, but it never has the POINTER attribute.

f array elements and array sections.are:

ARRAY_A (1:N:2) % ARRAY_B (I, J) % STRING (K) (:)  array section
SCALAR_PARENT 7% ARRAY. FIELD w array element
SCALAR_PARENT % ARRAY FIELD (1:N) array section
SCALAR_PARENT (% ARRAY_FIELD (1:N) % SCALAR FIELD array section

6.2.2.1 Array elements

The value

6222 A

The eleme

of a subscript.in'an array element must be within the bounds for that dimension.

ray element order

hts/of ‘an array form a sequence known as the array element order. The position of an array

element in

this sequence is determined by the subscript order value of the subscript list designating the

element. The subscript order value is computed from the formulas in Table 6.1.
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Table 6.1 Subscript order value

Subscript
Subscript Subscript Order
Rank Bounds List Value
1 ik 5 1+ (57—17y)
2 jiky, jaiks $1, 52 1+ (s;—j1)
4+ (g —3.) X dl

3 jrki jatka jatks sy s sy 14 (sy— )
+ (s, — jo) X dy
+ (53_i3) X dz X dl

7 R ST P s, 57 1+ (sy <Gy
+ (Sz—jz) X dl
+ (s¥—j3) X d, X d,
+ .
+ (S7“j7) X dé
Xds X -0 Xd,

Notes for Table 6.1:
1) d;, = max (k;, — j, + 1, 0) is thésize of the ith dimension.

2) If the size of the array is nonzero, j, < s, < k;foralli =1,2,...,7.

$.2.2.3 Array sections
An array section is an array subobject ©ptionally followed by a substring range.

n an array-section having a section=subscript-list, each subscript-triplet and vector-subscript in the section
ubscript list indicates a sequehce’ of subscripts which may be empty (6.2.2). Each subscript in such a
equence must be within thebounds for its dimension unless the sequence is empty. The array pection is
he set of elements from (the array determined by all possible subscript lists obtainable from the single
ubscripts or sequences of subscripts specified by each section subscript.

n an array-sectiopwith no section-subscript-list, the rank and shape of the array is the rank and|shape of
he part-ref withhonhzero rank; otherwise, the rank of the array section is the number of subscript triplets
ind vector subseripts in the section subscript list. The shape is the rank-one array whose ith element is
he number. 6f integer values in the sequence indicated by the ith subscript triplet or vector subscript. 1f
hny of thesé sequences is empty, the array section has size zero. The subscript order of the elgments of
hn array section is that of the array data object that the array section represents.

62231 Subseript-triptet

A subscript triplet designates a regular sequence of subscripts consisting of zero or more subscript values.
The third expression in the subscript triplet is the increment between the subscript values and is called the
stride. The subscripts and stride of a subscript triplet are optional. An omitted first subscript in a
subscript triplet is equivalent to a subscript whose value is the lower bound for the array and an omitted
second subscript is equivalent to the upper bound. An omitted stride is equivalent to a stride of 1.

The second subscript must not be omitted in the last dimension of an assumed-size array.
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When the stride is positive, the subscripts specified by a triplet form a regularly spaced sequence of
integers beginning with the first subscript and proceeding in increments of the stride to the largest such

integer not
the second.

greater than the second subscript; the sequence is empty if the first subscript is greater than

The stride must not be zero.

For example, suppose an array is declared as A (5, 4, 3). The section A (3:5, 2, 1: 2) is the array of

shape (3, 2):
A@3,2,1) A3 22
A(4,2, 1) A2 2)
A, 2 1) A2 2)

When the silride is negative, the sequence begins with the first subscript and proceeds in increments ofvthe

stride down
empty if th
section B (9
that order.

Note that a
all values u
declared as

and B (10),

6.223.2

A vector
expression.
section with
section mus

to the smallest such integer equal to or greater than the second subscript; the sequence is
b second subscript is greater than the first. For example, if an array is declared '‘B)(10), the
:1:-2) is the array of shape (5) whose elements are B (9), B (7), B (5), B (3); and B (1), in

subscript in a subscript triplet need not be within the declared bounds for‘that dimension if
ed in selecting the array elements are within the declared bounds. For€xample, if an array is
B (10), the array section B (3 : 11 : 7) is the array of shape (2) consisting of the elements B (3)
in that order.

ctor subscript

s:[script designates a sequence of subscripts corresponding™to the values of the elements of the

Each element of the expression must be defined. A many-one array section is an array
a vector subscript having two or more elements with the same value. A many-one array
t not appear on the left of the equals in an assignment statement or as an input item in a

READ statement.
For exampl¢, suppose Z is a two-dimensional array“of shape (5, 7) and U and V are one-dimensional
arrays of shiape (3) and (4), respectively. Assume the values of U and V are:
U=(§12327/
V=(211,3/)
Then Z (3, V) consists of elements from.the third row of Z in the order:
23, Z(3,1) Z@G3 1) Z(@3, 3)
and Z (U, 2) consists of the columin elements:
Z(1,2) Z3,2)2(2,2)
and Z (U, V) consists-of(the elements:
Z1,» zZ@1D ZQa, 1) Z@1,3
Z3, D23, 1) Z(3,1) Z(@3, 3
22,2722 1) Z@2 1) Z(2 3)

Because Z (3, V) and Z (U, V) contain duplicate elements from Z, the sections Z (3, V) and Z (U, V) must
not be redefined as sections.

An internal
subscript m

file must not be an array section with a vector subscript. An array section with a vector
ust not be argument associated with a dummy array that is defined or redefined. An array

section with a vector subscript must not be the target in a pointer assignment statement.
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6.3 Dynamic association

Dynamic control over the creation, association, and deallocation of pointer targets is provided by the
ALLOCATE, NULLIFY, and DEALLOCATE statements and pointer assignment. ALLOCATE (6.3.1)
creates targets for pointers; pointer assignment (7.5.2) associates pointers with existing targets; NULLIFY
(6.3.2) disassociates pointers from targets, and DEALLOCATE (6.3.3) deallocates targets. Dynamic
association applies to scalars and arrays of any type.

The ALLOCATE and DEALLOCATE statements also are used to create and deallocate arrays with the
ALLOCATABLE attribute.

4.3.1 ALLOCATE statement
The ALLOCATE statement dynamically creates pointer targets and allocatable arrays.

R622  allocate-stmt is ALLOCATE ( allocation-list
B [, STAT = stat-variable | )

R623  stat-variable is scalar-int-variable
R624  allocation is allocate-object | ( allocate-shape-speg-list ) |
R625  allocate-object is variable-name

or structure-component

lorw]

626  allocate-shape-spec is [ allocate-lower-bound ™\ allocate-upper-bound
627  allocate-lower-bound is scalar-int-expr
628  allocate-upper-bound is scalar-int-expr

[onstraint:  Each allocate-object must be a pointer’or an allocatable array.

PN . L= B

[onstraint: The number of allocate-shape-specs in an allocate-shape-spec-list must be the samje as the
rank of the pointer or allocatable\array. '

A bound in an allocate-shape-spec must not be an expression involving as a primary an array inquiry
flnction (13.10.15) whose argument is.any allocate-object in the same ALLOCATE statement.

An example of an ALLOCATE statéement is:
ALLOCATE (X (N), B (-3 :M; 0:9), STAT = IERR_ALLOC)
The stat-variable must not.be allocated within the ALLOCATE statement in which it appears.

At the time an ALLOCATE statement is executed for an array, the values of the lower bound and upper
Hound expressions_determine the bounds of the array. Subsequent redefinition or undefinitiop of any
dntities in the Bound expressions do not affect the array bounds. If the lower bound is omitted, the
default value i T. If the upper bound is less than the lower bound, the extent in that dimension is zero
dnd the afray has zero size. Note that allocate-object may be of type character with zero ¢haracter
length,

the. STAT = specifier is present, successful execution of the ALLOCATE statement causes |the stat-
! i i iti i ibn of the
ALLOCATE statement, the stat-variable becomes defined with a processor-dependent positive integer
value.

If an error condition occurs during execution of an ALLOCATE statement that does not contain the
STAT = specifier, execution of the executable program is terminated.
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6.3.1.1 Allocation of allocatable arrays

An allocatable array that has been allocated by an ALLOCATE statement and has not been subsequently
deallocated (6.3.3) is currently allocated and is definable. Allocating a currently allocated allocatable
array causes an error condition in the ALLOCATE statement. At the beginning of execution of an
executable program, allocatable arrays have the allocation status of not currently allocated and are not
definable. The ALLOCATED intrinsic function (13.13.9) may be used to determine whether an
allocatable array is currently allocated.

6.3.1.2 Allocation of pointer targets

Following ¢
the target
that implic
target or a

uccessful execution of an ALLOCATE statement for a pointer, the pointer is associated wjth
ind may be used to reference or define the target. Allocation of a pointer creates an objeet
tly has the TARGET attribute. Additional pointers may become associated with the pointer
part of the pointer target by pointer assignment. It is not an error to allocate a pointer-that is
currently d4ssociated with a target. In this case, a new pointer target is created as required by the
attributes ¢f the pointer and any array bounds specified in the ALLOCATE statement."The pointer is
then associpted with this new target. Any previous association of the pointer with a target is broken. If
the previoys target had been created by allocation, it becomes inaccessible unless it ean,still be referred to
by other ppinters that are currently associated with it. The ASSOCIATED intrinsic” function (13.13.13)
may be usdd to determine whether a pointer is currently associated.

At the begjnning of execution of a function whose result is a pointer, the @ssociation status of the result
pointer is yndefined. Before such a function returns, it must either associate a target with this pointer or
cause the aksociation status of this pointer to become defined as disassociated.

6.3.2 NULLIFY statement

The NULL
R629
R630

nu

po

Constraint

FY statement causes pointers to be disassociated.
lify-stmt is NULLIFY ( pointer-object-list )

is variable-name
or structure-component

fnter-object

Each pointer-object must have the)POINTER attribute.

6.3.3 DEALLOCATE statement

The DEAL

be deallocd

R631 de

Constraint

The stat-v4

If the STA

LOCATE statement causes-allocatable arrays to be deallocated and it causes pointer targets to
ted and the pointers to.be disassociated.

is DEALLOCATE ( allocate-object-list B
B [, STAT = stat-variable | )

allocate-stmt

Each gllogate-object must be a pointer or an allocatable array.
riable._ must not be deallocated within the same DEALLOCATE statement.

T=, specifier is present, successful execution of the DEALLOCATE statement causes the stat-

variable t

I £ it 1 £ 1L ditks P 3 +1 £ £ ¢
DeCome—atrmta—wiina—varat O Z¢ro— 1 an—trr o ConarioR—oCcCurs—aurmg Tt oecuon—or—mc

DEALLOCATE statement, the stat-variable becomes defined with a processor-dependent positive integer

value.

If an error condition occurs during execution of a DEALLOCATE statement that does not contain the
STAT = specifier, execution of the executable program is terminated.

An example of a DEALLOCATE statement is:
DEALLOCATE (X, B)
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6.3.3.1 Deallocation of allocatable arrays

Deallocating an allocatable array that is not currently allocated causes an error condition in the
DEALLOCATE statement. An allocatable array with the TARGET attribute must not be deallocated
through an associated pointer. Deallocating an allocatable array with the TARGET attribute causes the

pointer association status of any pointer associated with it to become undefined.

When the execution of a procedure is terminated by execution of a RETURN or END statement, the

following allocatable arrays retain their allocation and definition status:

(1) An allocatable array with the SAVE attribute,

(2)  An allocatable array in the scoping unit of a module if the module also is accessed. b
scoping unit that is currently in execution, or

(3) An allocatable array accessible by host association.

Any other allocatable array that is currently allocated becomes undefined and-the allocat
becomes undefined at the execution of a RETURN or END statement.

[f an allocatable array has an undefined allocation status, the allocatable arfay must not be sul
referenced, defined, allocated, or deallocated.

6.3.3.2 Deallocation of pointer targets

If a pointer appears in a DEALLOCATE statement, its association status must be defined. Deal
pointer that is disassociated or whose target was not created-by/an ALLOCATE statement cause
condition in the DEALLOCATE statement. If a pointer isscurrently associated with an allocata
the pointer must not be deallocated.

deallocated. If a pointer is currently associated with a portion (2.4.3.1) of a target obje
independent of any other portion of the targetCobject, it must not be deallocated. Deallocating
target causes the pointer association status ‘of any other pointer that is associated with the t3
portion of the target to become undefined.

When the execution of a procedure is terminated by execution of a RETURN or END state

one of the following:
(1) A pointer with_the) SAVE attribute,
(2) A pointer in~blank common,

(3) A pointer-in a named common block that appears in at least one other scoping u
currently in execution,

(4) A pointer declared in the scoping unit of a module if the module also is accessed b
scoping unit that is currently in execution,

(5) A pointer accessed by host association, or

y another

on status

sequently

ocating a
k an error
ble array,

A pointer that is not currently associated with the“whole of an allocated target object mukt not be

rt that is
a pointer
rget or a

ment, the

pointer association status of a poifiter declared or accessed in the procedure becomes undefined ginless it is

hit that is

y another

(6) A pointer that is the return value of a function declared to have the POINTER attriblrte.

When a pointer target becomes undefined by execution of a RETURN or END statement, the pointer

association status (14.6.2.1) becomes undefined.
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Section 7

Expressions and assignment

This section describes the formation, interpretation, and evaluation rules for expressions and the

assignment

statement.

7.1 Expressions

An expressi
array. An
are constan

3.0
.FALSE.
A

B (D)
C (I:d)

An operang
complicated

Examples o

+
*
>
.AND.

7.1.1 Form

Evaluation
shape (7.1.4

Examples o

A+8B
(A -B) *
A ** B
C .AND. D
F//6G

An express
level-3 expr]

These categ
terms of ot

pn represents either a data reterence or a computation, and i1ts value 1s either a scalar or an
bxpression is formed from operands, operators, and parentheses. Simple forms of an operand
s and variables, such as:

is either a scalar or an array. An operation is either intrinsic (7.2)\of)defined (7.3). More
expressions can be formed using operands which are themselves expressions.

intrinsic operators are:

of an expression

bf an expression produces a value, which has a type, type parameters (if appropriate), and a

).

expressions are:

on is defined in térms of several categories: primary, level-1 expression, level-2 expression,
ession, level-4¢expression, and level-5 expression.

ories aré\related to the different operator precedence levels and, in general, are defined in
her categories. The simplest form of each expression category is a primary. The rules given

below speciry the 'syntax of an expression. The semantics are specified in 7.2 and 7.3.

7.1.1.1 Primary

R701

70

primary

constant
constant-subobject
variable
array-constructor

or structure-constructor
or function-reference
or { expr)

is

or
or
or
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R702  constant-subobject is subobject

Constraint: subobject must be a subobject designator whose parent is a constant.

Constraint: A variable that is a primary must not be an assumed-size array.

Examples of a primary are:

Example Syntactic Class
1.0 constant
—————LABCDEFGHIJKEMNOPQRS TV 2 (- D——constarnt-subobject————
A variable
(/1.0,2.00 array-constructor
PERSON (12, 'Jones"') structure-constructor
FX,Y) function-reference
S+ (expr)
7.].1.2 Level-1 expressions
Deéfined unary operators have the highest operator precedence (Table (7.7). Level-1 expressipns are
primaries optionally operated on by defined unary operators:
R703  level-1-expr is | defined-unary-op | primary
R704  defined-unary-op is . letter | letter ] ... .
Cénstraint: A defined-unary-op must not contain more than.31 letters and must not be the same as any
intrinsic-operator or logical-literal-constant.
Simple examples of a level-1 expression are:
Example Syntactic Class
A primary (R701)
.INVERSE. B  level-1-expr (R703)
A[more complicated example of a level-1 expression is:
.INVERSE. (A + B)
7.1.1.3 Level-2 expressions
Ldvel-2 expressions are-level-1 expressions optionally involving the numeric operators power-op, mult-op,
arld add-op.
RT0S  mult-ogerand is level-I-expr | power-op mult-operand ]
RY06  addoperand is | add-operand mult-op | mult-operand
RY07A level-2-expr is [ [ level-2-expr | add-op | add-operand
RO powerop jg ok
R709  mult-op is *
or /
R710 add-op is +
or -

A
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Simple examples of a level-2 expression are:

Example  Syntactic Class Remarks

A level-I-expr A is a primary. (R703)
B *x C mult-operand B is a level-1-expr, ** is a power-op,
and C is a mult-operand. (R705)
DxE add-operand D is an add-operand, * is a mult-op,
and E is a mult-operand. (R706)
+1 level-2-expr + is an add-op
and 1 is an add-operand. (R707)
F-1 level-2-expr F is a level-2-expr,
- is an add-op,

and 1 is an add-operand. (R707)

A more complicated example of a level-2 expression is:

~-A+D*E+B*(

7.1.1.4 Lepel-3 expressions

Level-3 expressions are level-2 expressions optionally involving the character operator concat-op.
R711  leyel-3-expr is | level-3-expr concat-op | level-2-expr

R712  cohcat-op is //

Simple examples of a level-3 expression are:

Example  Syntactic Class

A level-2-expr (R707)
B//C level=3-expr (R711)

A more complicated example of a level-3 expression is:

X // Y /{ "ABCD'

7.1.158 LeIel4 expressions

Level-4 expressions are level-3 expressions optionally involving the relational operators rel-op.

R713  legel-4-expr is [ level-3-expr rel-op ] level-3-expr

R714  relop is .EQ.
or .NE.
or .LT.
or .LE.
or .GT.
or .GE.

or ==
or /=

or
or
or
or
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Simple examples of a level-4 expression are:

Example  Syntactic Class

A level-3-expr (R711)
B .EQ. C level-4-expr (R713)
D<E level-4-expr (R713)

A more complicated example of a level-4 expression is:

(n o AN )
T D/ SNk U

1.1.6 Level-5 expressions

bvel-5 expressions are level-4 expressions optionally involving the logical operators nb#sop, and-op, or-
p, and equiv-op.

715  and-operand is [ not-op | level-4-expr

716  or-operand is [ or-operand and-op | and-operand

-

s | equiv-operand or-op | or-operand

s

718  level-5-expr

7

L

o

R

R

R717  equiv-operand
R s | level-5-expr equiv-op | equiv-operand
R

R

R

R

719  not-op is .NOT.
720 and-op is .AND.
721 or-op is .OR.
722 equiv-op is .EQV.
or .NEQV.
Simple examples of a level-5 expression are:
Example Syntactic Class
A level-4-expr (R713)
.NOT. B and-operand (R715)

C .AND. D or-operand (R716)
E .OR. F equiv-operand (R717)
G .EQV. H level-5-expr (R718)
S .NEQV. T  level-5-expr (R718)

A more complicated example of a level-5 expression is:

A .AND. B~.EQV. .NOT. C

7.1.1.7 General form of an expression

Hxpréssions are level-5 expressions optionally involving defined binary operators. Defined binary
operators have the lowest operator precedence (Table 7.7).

R723  expr is [ expr defined-binary-op | level-5-expr
R724  defined-binary-op is . letter [ letter ] ... .

Constraint: A defined-binary-op must not contain more than 31 letters and must not be the same as any
intrinsic-operator or logical-literal-constant.
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Simple examples of an expression are:

Example Syntactic Class

A level-5-expr (R718)
B .UNION. C  expr (R723)

More complicated examples of an expression are:

(B .INTERSECT. C) .UNION. (X - Y)
A+B .EQC %D

.INVERSE.| (A + B)

A+B .A
E//G.

An intrinsi
unary ope
listed in T

An intrinsi
the intrinsi
(7.1.5).

.CxD
. H (:10
7.1.2 Intrimsic operations
- operation is either an intrinsic unary operation or an intrinsic binary operation) An intrinsic
tion is an operation of the form intrinsic-operator x, where x, is of an\intfinsic type (4.3)
le 7.1 for the unary intrinsic operator.
E binary operation is an operation of the form x, intrinsic-operator %, where x| and x, are of
" types (4.3) listed in Table 7.1 for the binary intrinsic operator and-are in shape conformance
Table 7.1 Type of operands and result for the intrinsi¢c\operation [x1] op x,
Intrinsic Operator Type of Type of Type of
op X, X {x1] op x,
unary +, - IR, Z LR, Z
binary +, -, *, /, *%* 1 LR, Z LR, Z
R LR Z R, R Z
4 IR, Z Z,7 7
// C C C
.EQ., NE., ==)/= I IR 2 L L L
R LR, Z L, L L
V4 LR, Z L, L L
C C L
.GT».GE., .LT., .LE. 1 IR L, L
>, >=,<, <= R LR L L
C C L
NOT. L L
.AND.,, .OR., .EQV., NEQV. L L L
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Note: The symbols I, R, Z, C, and L stand for the types integer, real,
complex, character, and logical, respectively. Where more than one type for
x, is given, the type of the result of the operation is given in the same relative
position in the next column. For the intrinsic operators requiring operands of
type character, the kind type parameters of the operands must be the same.
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A numeric intrinsic operation is an intrinsic operation for which the intrinsic-operator is a numeric
operator {+, -, *, /, or **). A numeric intrinsic operator is the operator in a numeric intrinsic
operation.

For numeric intrinsic binary operations, the two operands may be of different numeric types or different
kind type parameters. Except for a value raised to an integer power, if the operands have different types
or kind type parameters, the effect is as if each operand that differs in type or kind type parameter from
those of the result is converted to the type and kind type parameter of the result before the operation is
performed. When a value of type real or complex is raised to an integer power, the integer operand need
not be converted.

Al character intrinsic operation, relational intrinsic operation, and logical intrinsic operation are Jimilarly
ddfined in terms of a character intrinsic operator (//), relational intrinsic operator (.EQ.CO\NE|, .GT.,
E., .LT., .LE.,, ==, /=, >, >=, <, and < =), and logical intrinsic operator (.AND:, “OR., [.NOT.,
QV., and .NEQV.), respectively. For the intrinsic operator //, the kind type parameters must be the
same.

feslan)

Al numeric relational intrinsic operation is a relational intrinsic operation where the operandd are of
nhmeric type. A character relational intrinsic operation is a relational intrirsic operation where the
OIerands are of type character and have the same kind type parameter valge.

70.3 Defined operations

Al defined operation is either a defined unary operation or a defined binary operation. A defined unary
eration is an operation that has the form defined-unary-op‘&, and that is defined by a functiop and a
gdneric interface block (12.3.1) or that has the form intrinsiczoperator x, where the type of x, is hot that
uired for the unary intrinsic operation (7.1.2), and that\is defined by a function and a generic interface

Al defined binary operation is an operation that hds'the form x, defined-binary-op x, and that is|defined
by a function and a generic interface block or that has the form x, intrinsic-operator x, where the types
of ranks of either x; or x, or both are not those required for the intrinsic binary operation (7.1{2), and
tHat is defined by a function and a generig interface block.

Npte that an intrinsic operator maybe used as the operator in a defined operation. In such a dase, the
gdneric properties of the operator are-extended.

extension operation is a defined operation in which the operator is of the form defined-unany-op or
défined-binary-op. Such arr operator is called an extension operator. The operator used in an extension
eration may be such that.a generic interface for the operator may specify more than one function.

~

1.4 Data type,type parameters, and shape of an expression

—

he data type ‘and shape of an expression depend on the operators and on the data types and shapes of
tHe primaries\tsed in the expression, and are determined recursively from the syntactic forn} of the
eqpressiony “The data type of an expression is one of the intrinsic types (4.3) or a derived type (4.4).

—

Rp254 Vogical-expr is expr
Censtraint—logieal expr-must-be-type-logical-
R726  char-expr is expr

Constraint: char-expr must be type character.
R727  default-char-expr is expr
Constraint:  default-char-expr must be of type default character.

R728 int-expr is expr
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Constraint:
R729

Constraint:

An expression whose type is intrinsic has a kind type parameter.

numeric-expr

int-expr must be type integer.
is expr
numeric-expr must be of type integer, real or complex.

In addition, an expression of type

character has a length type parameter. The type parameters for an expression are determined from the
form of the expression.

7.1.4.1 Data type, type parameters, and shape of a primary

The data t
is a const
expression.

it is a strug

array cons

function re

function re

!

pe, type parameters, and shape of a primary are determined according to whether the primary
nt, variable, array constructor, structure constructor, function reference, or parenthesized
If a primary is a constant, its type, type parameters, and shape are those of the constant. If
ture constructor, it is scalar and its type is determined by the constructor name., Ifjit is an
ructor, its type, type parameters, and shape are as described in 4.5. If it is a variable or
ference, its type, type parameters, and shape are those of the variable (5.1.1;,5.1.2) or the
erence (12.4.2), respectively. Note that in the case of a function reference,<the function may

be generic (12.3.2.1, 13.10), in which case its type, type parameters, and shape are,'determined by the
types, type| parameters, and ranks of its actual arguments. If a primary is a parenthesized expression, its
type, type parameters, and shape are those of the expression.

If a pointer
to a nonpo

and shape
may appea

dummy arg

7.1.4.2 Dg

The type o

appears as a primary in an intrinsic operation or a defined opetation in which it corresponds
inter dummy argument, the associated target object is referenced. The type, type parameters,
bf the primary are those of the current target. If the pointer‘is not associated with a target, it
I as a primary only as an actual argument in a reference .} a procedure whose corresponding
ument is declared to be a pointer.

ta type, type parameters, and shape of the result of an operation

the result of an intrinsic operation [x;] op xs\is specified by Table 7.1. The type of the result

of a defined operation [x;] op x, is specified by the function defining the operation (7.3).

The shape
the shape g

An express
length type
parameter
parameter
where op i
. parameter
intrinsic bi

pf the result of an intrinsic operation.is;the shape of x, if op is unary or if x; is scalar, and is
f x, otherwise.

on of an intrinsic type has a kind type parameter. An expression of type character also has a
parameter. For an expression‘x; // x, where x; and x, are of type character, the length type
is the sum of the lengths)of the operands and the kind type parameter is the kind type
of x;, which must be(the same as the kind type parameter of x,. For an expression op x,
b an intrinsic unary\operator and x, is of type integer, real, complex, or logical, the kind type
pf the expression is) that of the operand. For an expression x; op x, where op is a numeric
ary operatorywith one operand of type integer and the other of type real or complex, the kind

type parameter of thelexpression is that of the real or complex operand. For an expression x; op x,
where op Is a numeric intrinsic binary operator with both operands of the same type and kind type
parameters| or with one real and one complex with the same kind type parameters, the kind type
parameter of-the'expression is identical to that of each operand. In the case where both operands are
integer with different kind t the kin f th ion is t f th
operand with the greater decimal exponent range or is processor dependent if the operands have the same
decimal exponent range. In the case where both operands are any of type real or complex with different
kind type parameters, the kind type parameter of the expression is that of the operand with the greater
decimal precision or is processor dependent if the operands have the same decimal precision. For an
expression x; op x, where op is a logical intrinsic binary operator with both operands of the same kind
type parameter, the kind type parameter of the expression is identical to that of each operand. In the
case where both operands are of type logical with different kind type parameters, the kind type parameter
of the expression is processor dependent. For an expression x; op x, where op is a relational intrinsic
operator, the expression has the default logical kind type parameter.
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7.1.5 Conformability rules for intrinsic operations

Two entities are in shape conformance if both are arrays of the same shape, or one or both are scalars.

For all intrinsic binary operations, the two operands must be in shape conformance. In case

one is a

scalar and the other an array, the scalar is treated as if it were an array of the same shape as the array

operand with every element, if any, of the array equal to the value of the scalar.

7.1.6 Scalar and array expressions

An expression is either a scalar expression or an array expression.

The following is an example of a scalar expression:
Q+2.3*xR

where Q and R are scalars.

Tlhe following is an example of an array expression:
A

(1:10) + B (2:11)

where A and B are arrays.

~

1.6.1 Constant expression

A constant expression is an expression in which each operation is intrinsic and each primary is of
Howing:

e

(1) A constant or subobject of a constant wheréyeach subscript, section subscript, §
starting point, and substring ending point is @ constant expression.

(2)  An array constructor where each element and the bounds and strides of each implied
expressions whose primaries are either-constant expressions or implied-DO variables,

(3) A structure constructor where each component is a constant expression,
(4)  An elemental intrinsic function-reference where each argument is a constant expression

(5) A transformational intrinsi¢*function reference where each argument is a constant expre

(6) A reference to an arfay‘inquiry function (13.10.15) other than ALLOCATED, the bit
function BIT_SIZEthe character inquiry function LEN, the kind inquiry function KIN
numeric inquiry function (13.10.8), where each argument is either a constant express|
variable whgse, type parameters or bounds inquired about are not assumed or defing
ALLOCATE statement or a pointer assignment, or

(7) A conStant expression enclosed in parentheses.

o~

character tonstant expression is a constant expression whose type is character. An integer
kpression‘\is) a constant expression whose type is integer. A logical constant expression is a
kpression whose type is logical. /A numeric constant expression is a constant expression whosg
teger,‘real, or complex.

]

-

e of the

ubstring

DO are

ssion,
inquiry
(D, or a

on or a

d by an

constant
constant

type is

only with an integer power, and each primary is one of the following:

ermitted

(1) A constant or subobject of a constant where each subscript, section subscript, substring

starting point, and substring ending point is an initialization expression,

(2)  An array constructor where each element and the bounds and strides of each implied-DO are
expressions whose primaries are either initialization expressions or implied-DO variables,

(3) A structure constructor where each component is an initialization expression,
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(4)

An elemental intrinsic function reference of type integer or character where each argument is
an initialization expression of type integer or character,

(5) A reference to one of the transformational functions, REPEAT, RESHAPE,
SELECTED_INT_KIND, SELECTED_REAL_KIND, TRANSFER, or TRIM, where -each
argument is an initialization expression,

(6) A reference to an array inquiry function (13.10.15) other than ALLOCATED, the bit inquiry
function BIT_SIZE, the character inquiry function LEN, the kind inquiry function KIND, or a
numeric inquiry function (13.10.8), where each argument is either an initialization expression
or a variable whose type parameters or bounds inquired about are not assumed or defined by
dn ALLOCATE statement or a pointer assignment, or

(7)  An initialization expression enclosed in parentheses.

R730 init{alization-expr is expr

Constraint:| An initialization-expr must be an initialization expression.

R731  chal-initialization-expr is char-expr

Constraint:| A char-initialization-expr must be an initialization expression.
R732  int-fnitialization-expr is int-expr

Constraint:| An int-initialization-expr must be an initialization expression.
R733  logjcal-initialization-expr is logical-expr

Constraint:| A logical-initialization-expr must be an initialization exptession.

If an initialization expression includes a reference to an inquiry function for a type parameter or an array

bound of a
specified in
inquiry fun

The followi

W object specified in the same specification-part, the type parameter or array bound must be
a prior specification of the specification-part. The\prior specification may be to the left of the
tion in the same statement.

hg are examples of constant expressions:

3

-3+ 4

IABI

‘AB' // '¢D!

(*AB' // [CD') // 'EF'

SIZE (A)

DIGITS (X} + 4

where A is hn explicit-shaped-array with constant bounds and X is of type default real.
The followihg are examples-of constant expressions that are not initialization expressions:
ABS (9.0) I Not an integer argument

3.0 »x 2.0 ! Not an integer power
DOT_PRODUET 4. ¢/ 2, 3 /), ¢/ 1, 7 /) ) ! Not an allowed function

7.1.6.2 Specification expression

A restricted
(1)
(2)

expression is an expression in which each operation is intrinsic and each primary is:

A constant or subobject of a constant,

A variable that is a dummy argument that has neither the OPTIONAL nor the INTENT (OUT)

attribute, or a variable that is a subobject of such a dummy argument,

(3)

A variable that is in a common block or a variable that is a subobject of a variable in a

common block,
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(4) A variable that is made accessible by use association or host association or a variable that is a

subobject of such a variable,

(5) An array constructor where each element and the bounds and strides of each implied-DO are

expressions whose primaries are either restricted expressions or implied-DO variables,

(6) A structure constructor where each component is a restricted expression,

(7)  An elemental intrinsic function reference of type integer or character where each argument is a

restricted expression of type integer or character,

(8) One of the transformational functions REPEAT, RESHAPE, SELECTED_INT_

KIND,

an
reg

A
R7
Cd

A

pré
scq
im
im
If

bo
sp
to

sp

SELECTED_REAL_KIND, TRANSFER, and TRIM, where each argument is a re
expression of type integer or character,

(9) A reference to an array inquiry function (13.10.15) other than ALLOCATED,. the bit
function BIT_SIZE, the character inquiry function LEN, the kind inquiry fufiction KINI
numeric inquiry function (13.10.8), where each argument is either a restricted expressig
variable whose type parameters or bounds inquired about are not assumed or defined
ALLOCATE statement or a pointer assignment, or

(10) A restricted expression enclosed in parentheses,

variable in a specification expression must have its"type and type parameters, if any, specifie
bvious declaration in the same scoping unit, or>by the implicit typing rules currently in effect
ping unit, or by host or use association. M\a variable in a specification expression is typed
plicit typing rules, its appearance in amyJsubsequent type declaration statement must confi
plied type and type parameters.

tricted

nquiry
D, or a
n or a
by an

eger.

H where any subscript, section subscript, substring starting point, or substring ending point is a
tricted expression.

Epecification expression (R509, R514, R515) is a restricted expression that is scalar and of type in

B4 specification-expr is scalar-int-expr

nstraint: The scalar-int-expr must be a restricted expression.

d by a
for the
by the
'm the

und of an entity specified in the same specification-part, the type parameter or array bound

bcified in a prior specificationof ‘the specification-part. 1f a specification expression includes a re
the value of an element of ‘an array specified in the same specification-part, the array bounds 1
bcified in a prior declaration. The prior specification may be to the left of the inquiry function

same statement.

Th

LB
M
2

e following are examples of specification expressions:

OUND (B, 1)+ 5 ! B is an assumed-shape dummy array

+ LEN () I M and C are dummy arguments

* PREGISION (A) | A is a real variable made accessible
! by a USE statement

h specification expression includes(a yeference to an inquiry function for a type parameter or arI array

ust be
ference
nust be
in the

7.

.7 Evaluafion of operafions

This section applies to both intrinsic and defined operations.

Any variable or function reference used as an operand in an expression must be defined at the time the
reference is executed. If the operand is a pointer, it must be associated with a target object that is
defined. An integer operand must be defined with an integer value rather than a statement label value. All of
the characters in a character data object reference must be defined.

When a reference to an array or an array section is made, all of the selected elements must be defined.
When a structure is referenced, all of the components must be defined.
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Any numeric operation whose result is not mathematically defined is prohibited in the execution of an
executable program. Examples are dividing by zero and raising a zero-valued primary to a zero-valued or
negative-valued power. Raising a negative-valued primary of type real to a real power also is prohibited.

The evaluation of a function reference must neither affect nor be affected by the evaluation of any other
entity within the statement. However, execution of a function reference in the logical expression of an IF
statement (8.1.2.4) or WHERE statement (7.5.3.1) is permitted to define variables in the statement that is
executed when the value of the expression is true. For example, in the statements:

IF (F (X)) A=X
WHERE (G (X)) B = X

F or G mdy define X. If a function reference causes definition or undefinition of an actual argument of
the functign, that argument or any associated entities must not appear elsewhere in the same statement.
For example, the statements

A =F D
Y=6 (X} +X

are prohiblited if the reference to F defines or undefines I or the reference to G defines of indefines X.

The type of an expression in which a function reference appears does not affect, dnd‘is not affected by,
the evaluation of the actual arguments of the function.

Execution [of an array element reference requires the evaluation of its, sibscripts. The type of an
expression| in which the array element reference appears does not affect, and is not affected by, the
evaluation| of its subscripts. Execution of an array section reference requires the evaluation of its section
subscripts| The type of an expression in which an array sectionsappears does not affect, and is not
affected by, the evaluation of the array section subscripts. Execution of a substring reference requires the
evaluation| of its substring expressions. The type of an expression in which a substring appears does not
affect, angl is not affected by, the evaluation of the substring expressions. It is not necessary for a

processor [to evaluate any subscript expressions or substring expressions for an array of zero size or a
character entity of zero length.

The appedrance of an array constructor requires the’evaluation of the bounds and stride of any array
constructdr implied-DO it may contain. The type‘of an expression in which an array constructor appears
does not affect, and is not affected by, evaluation of such bounds and stride expressions.

When an |intrinsic binary operation is applied to a scalar and an array or to two arrays of the same
shape, th¢ operation is performed element-by-element on corresponding array elements of the array
operands. | For example, the array expression

A+8

produces pn array the samle-shape as A and B. The individual array elements of the result have the
values of [the first element of A added to the first element of B, the second element of A added to the
second element of B, etct The processor may perform the element-by-element operations in any order.

When an |ntrinsic urary operator operates on an array operand, the operation is performed element-by-
element, in any‘order, and the result is the same shape as the operand.

7.1.7.1 Evaluationof-operands

[t is not necessary for a processor to evaluate all of the operands of an expression, or to evaluate entirely
each operand, if the value of the expression can be determined otherwise. This principle is most often
applicable to logical expressions, zero-sized arrays, and zero-length strings, but it applies to all
expressions. For example, in evaluating the expression

X .GT. Y .OR. L (D)
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where X, Y, and Z are real and L is a function of type logical, the function reference L (Z) nee
evaluated if X is greater than Y. Similarly, in the array expression

W (2Z) +X

1991 (E)

d not be

where X is of size zero and W is a function, the function reference W (Z) need not be evaluated. If a
statement contains a function reference in a part of an expression that need not be evaluated, all entities
that would have become defined in the execution of that reference become undefined at the completion of
evaluation of the expression containing the function reference. In the preceding examples, evaluation of

these expressions causes Z to become undefined if L or W defines its argument.

1.7.2 Integrity of parentheses

7

The sections that follow state certain conditions under which a processor may evaluate an. expres
i$ different from the one specified by applying the rules given in 7.1.1, 7.2, and 7.3, . Howe
expression contained in parentheses must be treated as a data entity. For example)in evalu
expression A + (B - C) where A, B, and C are of numeric types, the difference of B and C
gvaluated before the addition operation is performed; the processor must not evaluate the mathe
equivalent expression (A + B) - C.

.1.7.3 Evaluation of numeric intrinsic operations

7
The rules given in 7.2.1 specify the interpretation of a numferic intrinsic operation. (
1
1

hathematically equivalent expression, provided that the integfity”of parentheses is not violated.

Two expressions of a numeric type are mathematically ‘equivalent if, for all possible values
drimaries, their mathematical values are equal. However, mathematically equivalent expres
fumeric type may produce different computational(results. For example, any difference bety
Yalues of the expressions (1./3.)*3. and 1. is a computational difference, not a mathematical diffe

The mathematical definition of integer division™is given in 7.2.1.1. The difference between the
the expressions 5/2 and 5./2. is a mathematical difference, not a computational difference.

The following are examples of expressions with allowable alternative forms that may be use
processor in the evaluation of thOse expressions. A, B, and C represent arbitrary real or
dperands; 1 and ] represent arbitrary integer operands; and X, Y, and Z represent arbitrary opg
nQumeric type.

Expression Allowable Alternative Form

sion that
ver, any
ting the
must be
matically

nce the

interpretation has been established in accordance with those-rules, the processor may evalpate any

of their
sions of
veen the
rence.

ralues of

i by the

complex
rands of

X+Y Y+ X
X*xY Y * X
-X+Y Y-X
X+Y+2Z X+(Y+2)
X-Y+Z X-<Y-2
X*xA/2Z X*x(A/2)
X*Y=X*Z X*x(Y-2)
A/B/C A/ (B*O
A/S5.0 0.2*A
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The following are examples of expressions with forbidden alternative forms that must not be used by a
processor in the evaluation of those expressions.

In addition
included to
expression.
during the

A+ (B -

Expression Nonallowable Alternative Form
1/2 0.5*1

X*x1/J X*(1/J)

1/J/A 1/ +*A)

X+Y)+2 X+ (Y+2)

X*xY)-(X*2) X*x(Y-2)

A*x (Y~ /L) A*xY=X*/

to the parentheses required to establish the desired interpretation, parentheses may-be
restrict the alternative forms that may be used by the processor in the actual evaluation,of the

This is useful for controlling the magnitude and accuracy of intermediate valuey developed
pvaluation of an expression. For example, in the expression
C)

the parenthlesized expression (B - C) must be evaluated and then added to A.

Note that t
the two exf

AxI1/J
Ax (I/

may have ¢

Each opera
used by the

Z+R+1

where Z, R
type of thg
operands (2

ne inclusion of parentheses may change the mathematical value of ancexpression. For example,
ressions:

)

ifferent mathematical values if | and ] are of type integer,

nd in a numeric intrinsic operation has a data type that may depend on the order of evaluation
processor. For example, in the evaluation of theexpression

, and [ represent data objects of complex,“real, and integer data type, respectively, the data

operand that is added to I may be either complex or real, depending on which pair of
f and R, R and I, or Z and I) is added first.

7.1.7.4 Evaluation of the characterintrinsic operation

The rules g
to evaluate
expression

CHARACTER
c1.=¢2/

iven in 7.2.2 specify the interpretation of the character intrinsic operation. A processor needs
only as much of the @haracter intrinsic operation as is required by the context in which the
hppears. For example))the statements

(LEN = 2) C1,\€2, C3, CF
CF (C3)

do not requiire the fanetion CF to be evaluated, because only the value of C2 is needed to determine the

value of C1

because C1 has a length of 2.

7.1.7.5 Evaluation of relational intrinsic operations

The rules

given in 7.2.3 specify the interpretation of relational intrinsic operations. Once the

interpretation of an expression has been established in accordance with those rules, the processor may
evaluate any other expression that is relationally equivalent, provided that the integrity of parentheses in
any expression is not violated. For example, the processor may choose to evaluate the expression

I .GT. J

where I and ] are integer variables, as
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J-1.LT.0

Two relational intrinsic operations are relationally equivalent if their logical values are equal for all
possible values of their primaries.

7.1.7.6 Evaluation of togical intrinsic operations

The rules given in 7.2.4 specify the interpretation of logical intrinsic operations. Once the interpretation
of an expression has been established in accordance with those rules, the processor may evaluate any
other expression that is logically equivalent, provided that the integrity of parentheses in any expression is
not violated. For example, for the variables L1, L2, and L3 of type logical, the processor may choose to
eyaluate the expression

L] .AND. L2 .AND. L3

L] .AND. (L2 .AND. L3)
Tivo expressions of type logical are logically equivalent if their values are equal‘for all possible vialues of
their primaries.

7.1.72.7 Evaluation of a defined operation

The rules given in 7.3 specify the interpretation of a defined operation. Once the interpretation of an
expression has been established in accordance with those rules;\the processor may evaluate any other
expression that is equivalent, provided that the integrity of parentheses is not violated.

Tivo expressions of derived type are equivalent if their values are equal for all possible values jof their
ptimaries.

~J

2 Interpretation of intrinsic operations

The intrinsic operations are those definedin 7.1.2. These operations are divided into the fqllowing
cdtegories: numeric, character, relational, “and logical. The interpretations defined in the fqllowing
sections apply to both scalars and arfays; the interpretation for arrays is obtained by applying the
nterpretation for scalars element bylelement.

i~

The type, type parameters, and intefpretation of an expression that consists of an intrinsic unary or
binary operation are indeperident of the context in which the expression appears. In particular, the type,
tylpe parameters, and interpretation of such an expression are independent of the type and type
parameters of any othet_larger expression in which it appears. For example, if X is of type real, ] is of
tylpe integer, and INT.is' the real-to-integer intrinsic conversion function, the expression INT (X +[]) is an
rteger expression-and X + ] is a real expression.

—-

7[2.1 Numeric intrinsic operations

Al numeric operation is used to express a numeric computation. Evaluation of a numeric operation
ptodtices a numeric value. The permitted data types for operands of the numeric intrinsic operafions are
specified in 7.1.2.

The numeric operators and their interpretation in an expression are given in Table 7.2, where x; denotes
the operand to the left of the operator and x, denotes the operand to the right of the operator.
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The interp

If x, and x
the interpn
example, 2

Table 7.2 Interpretation of the numeric intrinsic operators

Use of
Operator  Representing Operator  Interpretation
* %k Exponentiation  x, ** x,  Raise x, to the power x,
/ Division X,/ x5 Divide x| by x,
* Multiplication X% X Multiply x| by x,
- Subtraction x, — x;  Subtract x, from x,
- Negation - X5 Negate x,
+ Addition x; +x, Addx; and x,
+ Identity + x, Same as x,

retation of a division depends on the data types of the operands (7.2.1.1).

, are of type integer and x, has a negative value, the interpretation of x; ** x, is the same as
etation of 1/(x; ** ABS (x,)), which is subject to the rules of integer division (7.2.1.1). For
*% (-3) has the value of 1/{2 ** 3), which is zero.

7.2.1.1 Infeger division

One oper
mathemati
involving
integer. T|
zero and t

7212 C
In the cas
principal v
7.2.2 Chq

The chara
kind type

The interp
Table 7.3,

ind of type integer may be divided by another operand of type integer. Although the
cal quotient of two integers is not necessarily an integer, Table %1 specifies that an expression
he division operator with two operands of type integer is interpreted as an expression of type
he result of such an operation is the integer closest to thexmathematical quotient and between
e mathematical quotient inclusively. For example, the éxpression (-8) / 3 has the value (-2).

bmplex exponentiation

b of a complex value raised to a complex power, the value of the operation x| ** x, is the
alue of x7°.

hracter intrinsic operation

Cter intrinsic operator // is used to.concatenate two operands of type character with the same
barameter. Evaluation of the character intrinsic operation produces a result of type character.

retation of the character-intrinsic operator // when used to form an expression is given in
where x; denotes the operand to the left of the operator and x, denotes the operand to the

right of thp operator.

Table,7.3 Interpretation of the character intrinsic operator //

Use of
Operator  Representing Operator  Interpretation
// Concatenation  x; // x,  Concatenate x; with x,

The result
concatenat
Parenthese:

of a character intrinsic operation is a character string whose value is the value of x;
ed on the right with the value of x, and whose length is the sum of the lengths of x; and x,.
s used to specify the order of evaluation have no effect on the value of a character expression.

For example, the value of (AB’ // 'CDE’) // 'F is the string '"ABCDEF'. Also, the value of 'AB’ // ((CDFE'
// 'F) is the string '"ABCDEF'.
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7.2.3 Relational intrinsic operations

A relational intrinsic operator is used to compare values of two operands using the relational intrinsic
operators .LT., .LE., .GT., .GE., .EQ., .NE., <, <=, >, >=, ==, and /=. The permitted data
types for operands of the relational intrinsic operators are specified in 7.1.2. Note, as shown in Table
7.1, that a relational intrinsic operator must not be used to compare the value of an expression of a
numeric type with one of type character or logical. Also, two operands of type logical must not be
compared, a complex operand may be compared with another numeric operand only when the operator is
.EQ. .NE., ==, or /=, and two character operands must not be compared unless they have the same
kind type parameter value.

Hvaluation of a relational intrinsic operation produces a result of type default logical.

b the left of the operator and x, denotes the operand to the right of the operator. (The operators <,
=, >, >=, ==, and /= always have the same interpretations as the operators)'LT., .LE., .GT,,
.GE., .EQ., and .NE., respectively.

The interpretation of the relational intrinsic operators is given in Table 7.4, where x, denotes the|operand
t
<

Table 7.4 Interpretation of the relational intrinsic operators

Use of
Operator  Representing Operator Interpretation

.LT. Less Than x; .LT. x,)x; less than x,

< Less Than x; < X3 x1 less than x,
.LE. Less Than Or Equal To x; .LEox;  x, less than or equal to x,
<= Less Than Or Equal To x,; <= x5 x; less than or equal to x,
.GT. Greater Than xGT. x,  x; greater than x,

> Greater Than X, > x, x; greater than x,
.GE. Greater Than Or Equal T¢’," x; .GE. x,  x; greater than or equal to x,
> = Greater Than Or Equal“To  x; >= x, =x, greater than or equal to x,
.EQ. Equal To x; .EQ. x, x; equal to x,
== Equal To X, == 2x, x;equaltox,
.NE. Not Equal To x; .NE. x; x; notequal to x,

/= Not Equal To x; /= x;  x;not equal to x,

\ numeric relational intrinsic_operation is interpreted as having the logical value true if the valups of the
perands satisfy the relation specified by the operator. A numeric relational intrinsic operation is
nterpreted as having-the logical value false if the values of the operands do not satisfy the| relation
pecified by the operator.

W e N

In the numeri¢relational operation
X, rel~op x,

it the types or kind type parameters of x; and x, differ, their values are converted to the type and kind
type‘parameter of the expression x; + x, before evaluation.

ara atrona atto eCrasIraving - g 2 alues of the
operands satisfy the relation specified by the operator. A character relational intrinsic operation is
interpreted as having the logical value false if the values of the operands do not satisfy the relation
specified by the operator.

Og a v » tl

For a character relational intrinsic operation, the operands are compared one character at a time in order,
beginning with the first character of each character operand. If the operands are of unequal length, the
shorter operand is treated as if it were extended on the right with blanks to the length of the longer
operand. If both x; and x, are of zero length, x; is equal to x,; if every character of x; is the same as
the character in the corresponding position in x,, x; is equal to x,. Otherwise, at the first position where
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the character operands differ, the character operand x; is considered to be less than x, if the character
value of x; at this position precedes the value of x, in the collating sequence (4.3.2.1.1); x; is greater than
x, if the character value of x| at this position follows the value of x, in the collating sequence. Note that
the collating sequence depends partially on the processor; however, the result of the use of the operators
.EQ., .NE., ==, and /= does not depend on the collating sequence.

Note that for nondefault character types, the blank padding character is processor dependent.

7.24 lLogical intrinsic operations

A logical operation is used to express a logical computation. Evaluation of a logical operation produces a

result of type logical. The permitted data types for operands of the logical intrinsic operations are
specified in|7.1.2.

The logical|operators and their interpretation when used to form an expression are given in Table 7.5,
where x, dg¢notes the operand to the left of the operator and x, denotes the operand to the righf-of the

operator.

Table 7.5 Interpretation of the logical intrinsic operators

Use of
Operator |Representing Operator Interpretation
.NOT. [Logical Negation .NOT. «x, True if x, is false
.AND. [|Logical Conjunction x; .AND. x, True if x; and £ are both true
.OR. Logical Inclusive Disjunction x; .OR. x, True if x; andfor x, is true
.NEQV. |Logical Non-equivalence x, .NEQV. x, True if either-x; or x, is true, but not both
.EQV. |Logical Equivalence x; .EQV. x, True if bsth x; and x, are true or both are false

The values pf the logical intrinsic operations are shown in Table 7.6.

Table 7.6 The values of operations:involving logical intrinsic operators

X X2 NOT X3 Xq AND- X9 X OR Xa X1 EQV X2 X NEQV X3
trye  true false true true true false
true false true false true false true
false  true false false true false true
false  false true false false true false

7.3 Interpretation of'defined operations

The interpretation of-a(defined operation is provided by the function that defines the operation. The
type, type |parameters, and interpretation of an expression that consists of a defined operation are
independent of the-type and type parameters of any larger expression in which it appears. The operators
<, <=, 3, >=, ==, and /= always have the same interpretations as the operators .LT., .LE., .GT.,

.GE., .EQ.,'aud .I\‘TE., Acoycut;vc}y.

7.3.1 Unary defined operation
A function defines the unary operation op x, if:

(1) The function is specified with a FUNCTION (12.5.2.2) or ENTRY (12.5.2.5) statement that
specifies one dummy argument d,

(2) An interface block (12.3.2.1) provides the function with a generic-spec of OPERATOR (op),
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(3) The type of x, is the same as the type of dummy argument d,,
(4) The type parameters, if any, of x, match those of d;, and

(5) The rank of x,, and its shape if it is an array, match those of d,.

7.3.2 Binary defined operation
A function defines the binary operation x; op x, if:

(1) The function is specified with a FUNCTION (12.5.2.2) or ENTRY (12.5.2.5) statement that
specifies two dummy arguments, d; and d,,

(2)  An interface block (12.3.2.1) provides the function with a generic-spec of OPERATOR\{op),
(3) The types of x; and x, are the same as those of the dummy arguments d; and d5, respectively,
(4) The type parameters, if any, of x; and x, match those of d, and d,, respectively, and

(5) The ranks of x; and x,, and their shapes if either or both are arrays, match those of{d; and
d,, respectively.

7/4 Precedence of operators

There is a precedence among the intrinsic and extension operations implied by the general form ipn 7.1.1,
which determines the order in which the operands are combined, firiless the order is changed by the use of
parentheses. This precedence order is summarized in Table 7.7:

Table 7.7 Categories of operations:and relative precedences

Category
of Operation Qperators Precedence
Extension defined-unary-op Highest
Numeric * ok
Numeric % or /
Numeric unary + or -
Numeric binary + or -
Character //

Relational .EQ., .NE., .LT., .LE., .GT., .GE.
==,/=, <, <=, >, > =

bogical .NOT.

Logical .AND.

Logical .OR.

Logical .EQV. or .NEQV. .
Extension defined-binary-op Lowest

The-precedence of a defined operation is that of its operator.

For example, n the expression
A *x 2

the exponentiation operator (**) has precedence over the negation operator (-); therefore, the operands
of the exponentiation operator are combined to form an expression that is used as the operand of the
negation operator. The interpretation of the above expression is the same as the interpretation of the
expression

- (A ** 2)
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The general form of an expression (7.1.1) also establishes a precedence among operators in the same
syntactic class. This precedence determines the order in which the operands are to be combined in
determining the interpretation of the expression unless the order is changed by the use of parentheses.
For example, in interpreting a level-2-expr containing two or more binary operators + or -, each operand
(add-operand) is combined from left to right. Similarly, the same left-to-right interpretation for a mult-
operand in add-operand, as well as for other kinds of expressions, is a consequence of the general form.
However, for interpreting a mult-operand expression when two or more exponentiation operators %
combine level-I-expr operands, each level-I-expr is combined from right to left. For example, the
expressions

2.1 + 3.4 + 4.9
2.1 * 3.4 4.9
2.1/ 3.4/ 4.9
2 *% 3 *x 4

'AB' // [CD' // 'EF'
have the shme interpretations as the expressions

(2.1 + 3|4) + 4.9

(2.1 * 3L4) * 4.9
(.17 3L4) / 4.9

2 *x (3 px 4)

(*AB' //]'CD*) // ‘EF'

As a conpequence of the general form (7.1.1), only the first add-operand of a level-2-expr may be
preceded by the identity (+) or negation (-) operator. These formatien rules do not permit expressions
containing two consecutive numeric operators, such as A ** -B or*‘A*+ -B. However, expressions such
as A *x {-B) and A + (-B) are permitted. The rules do allow, a“binary operator or an intrinsic unary
operator tp be followed by a defined unary operator, such as:

A * _INVERSE. B
- .INVERSE. (B)

As another example, in the expression
A .OR. B[ .AND. C

the general form implies a higher precedence for the .AND. operator than for the .OR. operator;
therefore, [the interpretation of the above expression is the same as the interpretation of the expression

A .OR. (B .AND. O)

An expresgion may contain more.than one category of operator. For example, the logical expression
L .OR. A|+ B .GE. C

where A, |B, and C are_of’type real, and L is of type logical, contains a numeric operator, a relational
operator, pnd a logical’operator. This expression would be interpreted the same as the expression

L .OR. (A + BY.GE. C)

For example; if:

(1) The operator ** is extended to type logical,

(2) The operator .STARSTAR. is defined to duplicate the function of ** on type real,
(3) .MINUS. is defined to duplicate the unary operator -, and

(4) L1 and L2 are type logical and X and Y are type real,

then in precedence: L1 ** L2 is higher than X * Y; X * Y is higher than X .STARSTAR. Y; and .MINUS.
X is higher than -X.


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

7.5 Assignment

Execution of an assignment statement causes a variable to become defined or redefined. Execution of a
pointer assignment statement causes a pointer to become associated with a target or causes its pointer

association status to become disassociated or undefined. Execution of a WHERE statement or

WHERE

construct masks the evaluation of expressions and assignment of values in array assignment statements

according to the value of a logical array expression.

7.5.1 Assignment statement

71.5.1.1 General form
R735  assignment-stmt is wvariable = expr
where variable is defined in R601 and expr is defined in R723.

onstraint: A variable in an assignment-stmt must not be an assumed-size array,

35+ X*x Y
INT (A

(
Hxamples of an assignment statement are:
A
)

An assignment statement is either intrinsic or defined.

7.5.1.2 Intrinsic assignment statement

An intrinsic assignment statement is an assignment statement where the shapes of variable 2
cdonform and where:

(1) The types of variable and expr are intfinsic, as specified in Table 7.8 for assignment, o

(2) The types of variable and expr are of the same derived type and no defined assignme
for objects of this type.

A numeric intrinsic assignment statement is an intrinsic assignment statement for which variable
dre of numeric type. A character intrinsic assignment statement is an intrinsic assignment state
which variable and expr are of type character and have the same kind type parameter. A logical
signment statement is an intrinsic assignment statement for which variable and expr are of typs
derived-type intrinsic assignment statement is an intrinsic assignment statement for which vari
pr are of the same dériyed type, and there is no accessible interface block with an ASSIGNMI
specifier for objects ofthis derived type.

n array intringic)-assignment statement is an intrinsic assignment statement for which varial
rray. The variable must not be a many-one array section (6.2.2.3.2).

Table 7.8 Type conformance for the intrinsic assignment statement variable = expr

nd expr

r

nt exists

and expr
ment for
intrinsic
logical.
pble and
ENT (=)

le is an

Type of variable Type of expr
integer integer, real, complex
real integer, real, complex
complex integer, real, complex
character character of the same kind type parameter as variable
logical logical
derived type same derived type as variable
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7.5.1.3 Defined assignment statement

A defined assignment statement is an assignment statement that is not an intrinsic assignment statement,
and is defined by a subroutine and an interface block (12.3.2.1) that specifies ASSIGNMENT (=).

7.5.1.4 Intrinsic assignment conformance rules

For an intrinsic assignment statement, variable and expr must conform in shape, and if expr is an array,
variable must also be an array. The types of variable and expr must conform with the rules of Table 7.8.

If variable i
and shape

For a num
different ki

parameter o

For a logic3
in which ca

For a chara

s a pointer, it must be associated with a definable target such that the type, type parameters,

ric intrinsic assignment statement, variable and expr may have different numeric types ©r
d type parameters, in which case the value of expr is converted to the type and kindntype
t variable according to the rules of Table 7.9.

Table 7.9 Numeric conversion and assignment statement variable = expr

Type of variable  Value Assigned

integer INT (expr, KIND = KIND (variable))
real REAL (expr, KIND = KIND (variable))
complex CMPLX (expr, KIND = KIND {vdriable))

Note: The functions INT, REAL, CMPLX, and KINE»are
the generic functions defined in 13.13.

| intrinsic assignment statement, variable and expr may have different kind type parameters,
be the value of expr is converted to the kind type,parameter of variable.

"ter intrinsic assignment statement, variable~and expr must have the same kind type parameter

value, but fay have different length type parameters’in which case the conversion of expr to the length

of variable

U

V

Note that fq

S:

f the length of variable is less than that of expr, the value of expr is truncated from the right
ntil it is the same length as variable;

If the length of variable is greater than that of expr, the value of expr is extended on the right

vith blanks until it is the\same length as variable.

r nondefault character types, the blank padding character is processor dependent.

7.5.1.5 Interpretation©tintrinsic assignments

Execution ¢
expressions

variable (T

f an intfinsic assignment causes, in effect, the evaluation of the expression expr and all
within“variable (7.1.7), the possible conversion of expr to the type and type parameters of
ablel 7.9), and the definition of variable with the resulting value. The execution of the

assignment

mtst have the same effect as if the evaluation of all operations in expr and variable occurred

before any

portion of variable is defined by the assignment. The evaluation of expressions within

variable must neither affect nor be affected by the evaluation of expr. No value is assigned to variable if
variable is of type character and zero length, or is an array of size zero.

If variable is a pointer, the value of expr is assigned to the target of variable.

Both variable and expr may contain references to any portion of variable. For example, in the character
intrinsic assignment statement:

STRING (2:

90

5) = STRING (1:4)
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the assignment of the first character of STRING to the second character does not affect the evaluation of
STRING (1:4). For example, if the value of STRING prior to the assignment was ‘ABCDEF’, the value

following the assignment is ‘AABCDF'.

If expr in an intrinsic assignment is a scalar and variable is an array, the expr is treated as if it

were an

array of the same shape as variable with every element of the array equal to the scalar value of expr.

When variable in an intrinsic assignment is an array, the assignment is performed element-by-element on
corresponding array elements of variable and expr. For example, if A and B are arrays of the same

shape, the array intrinsic assignment

A=18B

aksigns the corresponding elements of B to those of A; that is, the first element of B is assigned\to
element of A, the second element of B is assigned to the second element of A, etc. The ptoces
rform the element-by-element assignment in any order.

For example, the following program segment results in the values of the elements of array
reversed:

EAL X (100

A (1:10) = X (10:1:=1)

A derived-type intrinsic assignment is performed as if each component of expr were assigne
cprresponding component of variable using pointer assignmen¥ (7.5.2) for pointer compone
intrinsic assignment for nonpointer components. The processor may perform the compg
bmponent assignment in any order or by any means that has the same effect.

ith a pointer component P and nonpointer comiponents S, T, U, and V of type integer,

c
Fpr an example of a derived-type intrinsic assignment statement, if C and D are of the same deri
W
character, and another derived type, respectively, the intrinsic assignment

(-

=D

ointer assigns D % P to C % P and assigns D % S to C % S using the numeric intrinsic as

haracter intrinsic assignment statement, and D % V to C % V using the derived-type
Esignment statement.

V
of the object. For example,,if variable is an array section, the assignment does not affect the
status or value of the eléements of the parent array not specified by the array section.

~

.5.1.6 Interpretation ot defined assignment statements

= |

he interpretation’of a defined assignment is provided by the subroutine that defines the operatio

A subroutine defines the defined assignment x, = x, if:

(1)~ The subroutine is specified with a SUBROUTINE (12.5.2.3) or ENTRY (12.5.2.5) s
that specifies two dummy arguments, d, and d,,

p
statement, D % T to C % T using the dogical intrinsic assignment statement, D % U to C % U 4sing the
C
a

the first
sor may

X being

1 to the
hts, and
nent-by-

ved type

logical,

ignment

intrinsic

Vhen variable is a subobject;~the assignment does not affect the definition status or value of otj\er parts

efinition

=

fatement

(2) An interface block (12.3.2.1) provides the subroutine with a generic-spec of ASSIGNMENT

(=),
(3) The types of x; and x, are the same as those of the dummy arguments d; and d,, resp

(4) The type parameters, if any, of x; and x, match those of d; and 4,, respectively, and

ectively,

(5) The ranks of x; and x,, and their shapes if either or both are arrays, match those of d; and

d,, respectively.
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Note that x; and x, must not both be numeric, both be of type logical, or both be of type character with
the same kind type parameter value.
7.5.2 Pointer assignment

Pointer assignment causes a pointer to become associated with a target or causes its pointer association
status to become disassociated or undefined.

R736  pointer-assignment-stmt is pointer-object = > target
R737  target is variable
Or exXpr

Constraint{ The pointer-object must have the POINTER attribute.

Constraint] The variable must have the TARGET attribute or be a subobject of an object with' the
TARGET attribute, or it must have the POINTER attribute.

Constraint| The target must be of the same type, type parameters, and rank as the pointer.
Constraint] The target must not be an array section with a vector subscript.
Constraint} The expr must deliver a pointer result.

If the target is not a pointer, the pointer assignment statement associates the ‘pointer-object with the
target. If the target is a pointer that is associated, the pointer-object is associated with the same object as
the target.| If the target is a pointer that is disassociated, the pointer-object\also becomes disassociated. 1f
the target |is a pointer with undefined association status, the pointerigbject also acquires an undefined
associatior] status.

Any previpus association between the pointer-object and a targetis broken.

Pointer asgignment for a pointer component of a structure also"may take place by execution of a derived-
type intrinkic assignment statement (7.5.1.5) or a defined assignment statement (7.5.1.6).

In addition to pointer assignment, a pointer becomes associated with a target by allocation of the pointer.

A pointer must not be referenced or defined unlesstit is associated with a target that may be referenced or
defined.

The following are examples of pointer assighment statements.

NEW_NODE| % LEFT => CURRENT_NODE

SIMPLE_NAME => STRUCTURE % SUBSTRUCT % COMPONENT
ROW => MAT2D (N, )

WINDOW =p MAT2D (I-1:I+1,7J-1:J+1)

POINTER_PBJECT => POINTER_FUNCTION (ARG_1, ARG_2)
EVERY_OTHER => VECTOR(1:N:2)

7.5.3 Masked aray assignment-WHERE

The masked array assignment is used to mask the evaluation of expressions and assignment of values in
array assignment statements, according to the value of a logical array expression.

7.5.3.1 General form of the masked array assignment
A masked array assignment is either a WHERE statement or WHERE construct.

R738 where-stmt is WHERE ( mask-expr ) assignment-stmt
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R739  where-construct is where-construct-stmt
[ assignment-stmt | ...
[ elsewhere-stmt
[ assignment-stmt ] ... ]
end-where-stmt

1991 ()

R740 where-construct-stmt is WHERE ( mask-expr )
R741  mask-expr is logical-expr

R742  elsewhere-stmt is ELSEWHERE

R743  end-where-stmt is END WHERE

(Constraint: In each assignment-stmt, the mask-expr and the variable being defined must be)arra
same shape.

(Constraint: The assignment-stmt must not be a defined assignment.

Examples of a masked array assignment are:

HERE (TEMP > 100.0) TEMP = TEMP - REDUCE_TEMP

HERE (PRESSURE <= 1.0)
PRESSURE = PRESSURE + INC_PRESSURE
TEMP = TEMP - 5.0

LSEWHERE
RAINING = .TRUE.

ND WHERE

.5.3.2 Interpretation of masked array assignments

hen the assignment-stmt in a where-stmt is exeouted, the expr of the assignment-stmt is evaluat
the elements where mask-expr is true and the result is assigned to the corresponding elements of]
ccording to the rules of intrinsic assignmént (7.5.1). When a where-construct is executed, the
evaluated and the result kept bycthe processor. Each assignment-stmt in the WHERE

the ELSEWHERE block is evaluated, in sequence, as if it were WHERE (.NOT. mask-expr) ass
tint.

t a nonelemental functiofl reference occurs in the expr of an assignment-stmt, the function is
ithout any masked cgntrol by the mask-expr; that is, all of its argument expressions are fully ¢
nd the function is ftilly evaluated. If the result is an array and the reference is not within the :
list of a noneleméntal function, elements corresponding to true values in mask-expr (false in t
xpr after ELSEWHERE) are selected for use in evaluating each expr.

an elemental intrinsic operation or function reference occurs in the expr of an assignment-str
ot withinvthe argument list of a nonelemental function reference, the operation is performe
nction-is evaluated only for the elements corresponding to true values in mask-expr (false va

LSEWHERE).

ys of the

bd for all
variable
ask-expr
block is

valuated, in sequence, as if it were WHERE (mask-expr) assignment-stmt and then each assignment-stmt

ignment-

valuated
valuated
rrgument
e mask-

1t and is
d or the
ues after

In a masked array assignment, only a WHERE statement or a WHERE construct statement may be a
branch target statement. The value of mask-expr evaluated at the beginning of the masked array
assignment governs the masking in the execution of the masked array assignment; subsequent changes to
entities in mask-expr have no effect on the masking. The execution of a function reference in the mask
expression of a WHERE statement is permitted to affect entities in the assignment statement. Execution of

an END WHERE has no effect.
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Examples of function references in masked array assignments are:

WHERE (A > 0.0)

A = LOG (A) I LOG is invoked only for positive elements.
A=A/ SUM (LOG (A)) I LOG is invoked for all elements.
END WHERE
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Section 8 : Execution control

The execution sequence may be controlled by constructs containing blocks and by certain executable
statements that are used to alter the execution sequence.

8.1 Executable constructs containing blocks

sefjuence:

(1) IF Construct
(2) CASE Construct
(3) DO Construct

Thiere is also a nonblock form of the DO construct.

Alblock is a sequence of executable constructs that is treated as a unit.

R$01  block is [ execution-part-construct ] ..

Executable constructs may be used to control which blocks of a program are executed or how marly times
a block is executed. Blocks are always bounded by statements that are particular to the consfruct in
which they are embedded; however, in some forms of the DO comstruct, a sequence of executable constructs Without a
tefminating boundary statement must obey all other rules governing blocks (8.1.1). Note that a block need not [contain
arly executable constructs. Execution of such a block hasno effect.

Any of these three constructs may be named. If a_construct is named, the name must be the firsf lexical
token of the first statement of the construct and>the last lexical token of the construct. In fixed source
fofm, the name preceding the construct must be\placed after column 6.

Alstatement belongs to the innermost construct in which it appears unless it contains a construct name, in
which case it belongs to the named construct.
A
I

h example of a construct containing-a block is:

(A > 0.0) THEN

= SQRT (A) ! These-two statements
C = LOG (A) I form~a block.
END IF

8.1.1 Rules governing blocks

8.1.1.1 Executable constructs in blocks

If|a block-contains an executable construct, the executable construct must be contained entirely within the

bloek.

8.1.1.2 Control flow in blocks

Transfer of control to the interior of a block from outside the block is prohibited. Transfers within a
block and transfers from the interior of a block to outside the block may occur. For example, if a
statement inside the block has a statement label, a GO TO statement using that label may appear in the
same block. Subroutine and function references may appear in a block (12.4.2, 12.4.3, 12.4.4, 12.4.5).
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8.1.1.3 Execution of a block

Execution of a block begins with the execution of the first executable construct in the block. Unless there
is a transfer of control out of the block, the execution of the block is completed when the last executable
construct in the sequence is executed. The action that takes place at the terminal boundary depends on
the particular construct and on the block within that construct. It is usually a transfer of control.

8.1.2 IF construct

The IF construct selects for execution no more than one of its constituent blocks. The IF statement

Controls th_ EXQC"H""- nf a cing]n ctatement (ﬂ 1.2 4)
8.1.2.1 Fofm of the IF construct
R802  if-tonstruct is if-then-stmt
block
[ else-if-stmt
block | ...
| else-stmt
block |
end-if-stmt
R803  if-then-stmt is | if-construct-name : | IF ( scalar-logiéal-expr ) THEN
R804 elI—if-stmt is ELSE IF ( scalar-logical-expr ) THEN [ if-construct-name |
R805 else-stmt is ELSE [ if-construct-name |
R806  enf-if-stmt is END IF | if-construct-name"]

Constraintt  If the if-then-stmt of an if-construct is identified by an if-construct-name, the corresponding
end-if-stmt must specify the same if-construct-name. If the if-then-stmt of an if-construct is
not identified by an if-construct-name, the\corresponding end-if-stmt must not specify an if-
construct-name. If an else-if-stmt or, @lse-stmt is identified by an if-construct-name, the
corresponding if-then-stmt must specify the same if-construct-name.

8.1.2.2 Execution of an IF consiruct

At most ohe of the blocks contained within the IF construct is executed. If there is an ELSE statement in
the constriict, exactly one of the blocks contained within the construct will be executed. The scalar
logical expressions are evaluated in“the order of their appearance in the construct until a true value is
found or 4n ELSE statement or-END IF statement is encountered. If a true value or an ELSE statement is
found, thq block immediately\following is executed and this completes the execution of the construct.
The scalar| logical expressions’in any remaining ELSE IF statements of the IF construct are not evaluated.
If none of [the evaluated.expressions is true and there is no ELSE statement, the execution of the construct
is completed without-the execution of any block within the construct.

An ELSE JF statement or an ELSE statement must not be a branch target statement. It is permissible to
branch to |[an/END IF statement from within the IF construct, and aiso from outside the construct. Execution of
an END IH statement has no effect.

8.1.2.3 Examples of |F constructs

IF (CVAR .EQ. 'RESET') THEN
1=0;J=0;,K=0
END IF
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PROOF_DONE: IF (PROP) THEN
WRITE (3, '("QED')')
sTOP

ELSE
PROP = NEXTPROP

END IF PROOF_DONE

IF (A .GT. ) THEN

B = C/A
—H—(B—6T—0)—THEN
D=1.0
END IF
E{SE IF (C .GT. 0) THEN
B = A/C
D=-1.0
E|SE
B = ABS (MAX (A, C))
D=20
ErD IF
801.24 IF statement
The IF statement controls a single action statement (R216).
RBO7  if-stmt is IF ( scalar-logical-expr ) action-stmt
Cpnstraint: The action-stmt in the if-stmt must not besan if-stmt, end-program-stmt, end-functi

or end-subroutine-stmt.

Execution of an IF statement causes evaluationyof the scalar logical expression. If the valug
expression is true, the action statement is executed. If the value is false, the action statemen
edecuted and execution continues as though.aYCONTINUE statement (8.3) were executed.

tion statement.

1%

Aln example of an IF statement is:
I

F (A > (0.0) A =106 (W)

1.3 CASE construct

8
The CASE construct-selects for execution at most one of its constituent blocks.

br-stmt,

of the

t is not

The execution of a function reference in the scalar logical expression is permitted to affect entitids in the

8{1.3.1 Form of the CASE construct
RBO8 _éase-construct is select-case-stmt

| case-stmt

block ] ...

end-select-stmt
R809  select-case-stmt is | case-construct-name : ] SELECT CASE ( case-expr )
R810  case-stmt is CASE case-selector | case-construct-name]
R811 end-select-stmt is END SELECT [ case-construct-name }

Constraint: If the select-case-stmt of a case-construct is identified by a case-construct-name, the
corresponding end-select-stmt must specify the same case-construct-name. If the select-case-
stmt of a case-construct is not identified by a case-construct-name, the corresponding end-

select-stmt must not specify a case-construct-name. If a case-stmt is identified by

a case-
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R812

R813

construct-name, the corresponding select-case-stmt must specify the same case-construct-
name.

case-expr is scalar-int-expr

or scalar-char-expr
or scalar-logical-expr

case-selector is ( case-value-range-list )

or DEFAULT

Constraint: No more than one of the selectors of one of the CASE statements may be DEFAULT.

R814

R815

cas¢-value-range is case-value

or case-value :
or : case-value
or case-value : case-value

casg-value is scalar-int-initialization-expr

or scalar-char-initialization-expr
or scalar-logical-initialization-expr

Constraint:| For a given case-construct, each case-value must be of the same type as case-expr. For

character type, length differences are allowed, but the kind typé: parameters must be the
same.

Constraint:| A case-value-range using a colon must not be used if case-expr/is of type logical.

Constraint:| For a given case-construct, the case-value-ranges must notoverlap; that is, there must be no

possible value of the case-expr that matches more thanone case-value-range.

8.1.3.2 Exgcution of a CASE construct

The executipn of the SELECT CASE statement causes the\¢dse expression to be evaluated. The resulting

value is cal

d the case index. For a case value range list, a match occurs if the case index matches any of

the case vallie ranges in the list. For a case index withva value of ¢, a match is determined as follows:

oy

If the case value range contains a single“value v without a colon, a match occurs for data type
Ipgical if the expression ¢ .EQV. ‘v is true, and a match occurs for data type integer or
aracter if the expression ¢ .EQuv'is true.

If the case value range is of ‘the form low : high, a match occurs if the expression low .LE. ¢
ND. ¢ .LE. high is true:

IF the case value rangeis of the form low :, a match occurs if the expression low .LE. ¢ is

If no other selector matches and a DEFAULT selector is present, it matches the case index.

If fio) other selector matches and the DEFAULT selector is absent, there is no match.

The block following the CASE statement containing the matching selector, if any, is executed. This
completes execution of the construct.

At most one of the blocks of a CASE construct is executed.

A CASE statement must not be a branch target statement. It is permissible to branch to an END SELECT
statement only from within the CASE construct.
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8.1.3.3 Examples of CASE constructs

An integer signum function:

INTEGER FUNCTION SIGNUM (N)

SELECT CASE (N)

CASE (:-1
SIGNUM

CASE (0
SIGNUM

CASE (1:)

-1

0

ISO/IEC 1539 : 1991 (E)

1
E
E

D SELECT

i SIGNUM
D

A|code fragment to check for balanced parentheses:

CHARACTER (80) :: LINE

LEVEL=0
DO I =1, 80
CHECK_PARENS: SELECT CASE (LINE (I:I))
CASE (' (")
LEVEL = LEVEL + 1
CASE ()Y
LEVEL = LEVEL - 1
IF (LEVEL .LT. 0) THEN
PRINT *, 'UNEXPECTED RIGHT PARENTHESIS'
EXIT
END IF
CASE DEFAULT
t Ignore all other characters
END SELECT CHECK_PARENS
END DO
IF (LEVEL .GT. 0) THEN
PRINT *, 'MISSING RIGHT PARENTHESIS'
END IF

The following three fragments are equivalent:

IR (SILLY .EQ. 1) THEN
CALL THIS

EUSE

CALL THAT.

END IF

SELECT \CASE (SILLY .EQ. 1)
CASEH(.TRUE.)

CALL THIS
CASE (.FALSE.)
CALL THAT

END SELECT
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SELECT CASE (SILLY)
CASE DEFAULT
CALL THAT
CASE (1)
CALL THIS
END SELECT

A code fragment showing several selections of one block:

SELECT CASE (N)
CASE (1, 3: > | Selects 1, 3 4 S5 8

CALL SyuB
CASE DEFAULT

CALL OfTHER
END SELEC

8.1.4 DO c¢onstruct

The DO cpnstruct specifies the repeated execution of a sequence of executable constructs.

Such a

repeated sqquence is called a loop. The EXIT and CYCLE statements may belused to modify the

execution of a loop.

The numbér of iterations of a loop may be determined at the beginning of execution of the DO construct,

or may be|left indefinite (“DO forever” or DO WHILE).

In either case/~an EXIT statement (8.1.4.4.4)

anywhere ih the DO construct may be executed to terminate the loop immeédiately. A particular iteration

of the loop|may be curtailed by executing a CYCLE statement (8.1.4.4:3).

8.1.4.1 Foims of the DO construct

The DO construct may be written in either a block form or atnonblock form.

R816  dojconstruct is block-do-construct

or nonblock-do-censtruct

8.1.4.1.1 Form of the block DO construct

R817  bldck-do-construct is do-stmt

do-block

end-do
R818 doistmt is label-do-stmt

or nonlabel-do-stmt

R819  laHel-do-stmt is [ do-construct-name : ] DO label | loop-control |
R820 nonlabel-do-stnit is [ do-construct-name : ) DO [ loop-control }
R821  lodp-control is [, ] do-variable = scalar-numeric-expr , B

B scalar-numeric-expr | , scalar-numeric-expr |
or | , | WHILE ( scalar-logical-expr )

R822 do-variable is scalar-variable

Constraint: The do-variable must be a named scalar variable of type integer, default real, or double precision

real.

Constraint: Each scalar-numeric-expr in loop-control must be of type integer, default real, or double precision

real.

R823  do-block is block
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R824 end-do is end-do-stmt
or continue-stmt
R825 end-do-stmt is END DO [ do-construct-name |

Constraint: If the do-stmt of a block-do-construct is identified by a do-construct-name, the
corresponding end-do must be an end-do-stmt specifying the same do-construct-name. If
the do-stmt of a block-do-construct is not identified by a do-construct-name, the
corresponding end-do must not specify a do-construct-name.

Constraint: If the do-stmt is a nonlabel-do-stmt, the corresponding end-do must be an end-do-stmt.

Cbnstraint: if the do-stmt is a label-do-stmt, the corresponding end-do must be identified with the same
label.
8/1.4.1.2 Form of the nonblock DO construct
R$26 nonblock-do-construct is action-term-do-construct
or outer-shared-do-construct
Rg27 action-term-do-construct is label-do-stmt
do-body
do-term-action-stmt
R$28 do-body is | execution-part-construct | ...
R$29 do-term-action-stmt is action-stmt
Cpnstraint: A do-term-action-stmt must not be a continue-stint, a gote*stmt, a return-stmt, a stop-stmt, an exit-stmf, a cycle-
stmt, an end-function-stmt, an end-subroutine-stmt,_an end-program-stmt, an arithmetic-if-stmt, or an| assigned-
goto-stmt.
Cbnstraint: The do-term-action-stmt must be identified with*a label and the corresponding label-do-stmt must refer t¢ the same
label.
R$30 outer-shared-do-construct is label-do-stmt
do-body
shared-term-do-construct
R$31 shared-term-do-construct is outer-shared-do-construct
or inner-shared-do-construct
RB32 inner-shared-do-construet is label-do-stmt
do-body
do-term-shared-stmt
RB33 do-term-shared-stmt is action-stmt
Chpnstraint: A~ do-term-shared-stmt must not be a goto-stmt, a return-stmt, a stop-stmt, an exit-stmt, a cycle-stmf, an end-
function-stmt, an end-subroutine-stmt, an end-program-stmt, an arithmetic-if-stmt, or an assigned-goto-stmt.
Clonstraint: The do-term-shared-stmt must be identified with a label and all of the label-do-stmts of the sharef-term-do-
construct must refer to the same label.

The do-term-action-stmt, do-term-shared-stmt, or shared-term-do-construct following the do-body of a nonblock DO construct is

called the DO termination of that construct.

Within a scoping unit, all DO constructs whose DO statements refer to the same label are nonblock DO constructs, and are said to

share the statement identified by that label.
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8.1.4.2 Range of the DO construct

The range of a block DO construct is the do-block which must satisfy the rules for blocks (8.1.1). In
particular, transfer of control to the interior of such a block from outside the block is prohibited. It is
permissible to branch to the end-do of a block DO construct only from within the range of that DO
construct.

The range of a nonblock DO construct consists of the do-body and the following DO termination. The end of such a range is not
bounded by a particular statement as for the other executable constructs (e.g., END IF); nevertheless, the range satisfies the rules for

blocks (8.1.1). Transfer of control into the do-body or to the DO termination from outside the range is prohibited; in particular, it

is permissible

to branch to a do-term-shared-stmt only from within the range of the corresponding inner-shared-do-construct.

8.1.4.3 Ac

A DO cons
its DO stat

Once actiy
(8.1.4.4.4).
defined val

tive and inactive DO constructs

truct is either active or inactive. Initially inactive, a DO construct becomes active only when
bment is executed.

e, the DO construct becomes inactive only when the construct it specifies. is™terminated
When an active DO construct becomes inactive, the do-variable, if any, \rétains its last
€.

8.1.4.4 Execution of a DO construct

A DO con
There are
range, and
8.1.44.1 L
When the 1

[.14d

the followi

oy

truct specifies a loop, that is, a sequence of executable constructs that is executed repeatedly.
hree phases in the execution of a DO construct: initiation of¢the loop, execution of the loop
termination of the loop.

pop initiation
DO statement is executed, the DO construct becomes‘active. If loop-control is

o-variable = scalar-numeric-expr, , scalar-numeric-expr, [ , scalar-numeric-expr, |

1
g steps are performed in sequence:

The initial parameter m , the terminal parameter m,, and the incrementation parameter m, are
pstablished by evaluating scalar-numéric-expr, scalar-numeric-expr,, and scalar-numeric-expr;,
respectively, including, if necessary“conversion to the type and kind type parameter of the do-
pariable according to the rules.for numeric conversion (Table 7.9). 1f scalar-numeric-expr,
Hoes not appear, m, is of type default integer and its value is 1. Tne value m, must not be
yero.

3

The DO variable becomes defined with the value of the initial parameter m .
The iteration countis established and is the value of the expression

MAX (INT ((m, - m; + m,) / m,), 0)

Note that \the iteration count is zero whenever:

m; > m, and m, > 0, or

m, < m, and m, < 0.

If loop-control is omitted, no iteration count is calculated. The effect is as if a large positive iteration
count, impossible to decrement to zero, were established. If loop-control is [ , ] WHILE (scalar-logical-
expr), the effect is as if loop-control were omitted and the following statement inserted as the first
statement of the do-block:

IF (.NOT. (scalar-logical-expr)) EXIT

At the completion of the execution of the DO statement, the execution cycle begins.
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8.1.4.4.2 The execution cycle

The execution cycle of a DO construct consists of the following steps performed in sequence repeatedly
until termination:

oy

The iteration count, if any, is tested. If the iteration count is zero, the loop terminates and the
DO construct becomes inactive. If loop-control is [ , | WHILE (scalar-logical-expr), the scalar-
logical-expr is evaluated; if the value of this expression is false, the loop terminates and the
DO construct becomes inactive. If, as a result, all of the DO constructs sharing the do-term-shared-stmt are
inactive, the execution of all of these constructs is complete. However, if some of the DO constructs sharing the do-

term-shared-stmt are active, execution continues with step (3) of the execution cycle of the active DO construct whose

DO statement was most recently executed.
(2) If the iteration count is nonzero, the range of the loop is executed.

(3) The iteration count, if any, is decremented by one. The DO variable, if any, «is incr
by the value of the incrementation parameter m ;.

rddefined nor become undefined while the DO construct is active.

8/1.4.4.3 CYCLE statement

rdnge of the loop.

RB34  cycle-stmt is CYCLE [ do-construct-name |

construct; otherwise, it must be within the-range of at least one do-construct

CYCLE statement belongs to a particular DO (construct. If the CYCLE statement refers t
nstruct name, it belongs to that DO construct;;otherwise, it belongs to the innermost DO con
hich it appears. '

kecution of a CYCLE statement causes_immiediate progression to step (3) of the current executi

o m 3 0O

efm-shared-stmt is not executed.

—-~

—

1 a block DO construct, a transfer’ of control to the end-do has the same effect as execution of a
fatement belonging to that ¢omstruct. In a nonblock DO construct, transfer of control to the do-term-action-s

w

m-shared-stmt causes that statémeént or construct itself to be executed. Unless a further transfer of control results, step

-~
ko)

cdrrent execution cycle of the(D® construct is then executed.

1.4.4.4 Loop termination

8

The EXIT statément provides one way of terminating a loop.

RIB35  exit-stmt is EXIT [ do-construct-name |
g

onstraint: If an exit-stmt refers to a do-construct-name, it must be within the range of
construct; otherwise, it must be within the range of at least one do-construct.

bmented

Except for the incrementation of the DO variable that occurs in step (3), the DO-variable must ndither be

Sfep (2) in the above execution cycle may be curtailed by executing a\CYCLE statement from within the

Constraint:  If a cycle-stmt refers to a do-construct-nanie; it must be within the range of that do-

a DO
truct in

bn cycle

the DO construct to which it belongs;" If this construct is a nonblock DO construct, the do-term-action-stmt or do-

CYCLE

mt or do-

(3) of the

hat do-

An EXIT statement belongs to a particular DO construct. If the EXIT statement refers to a DO construct

name, it belongs to that DO construct; otherwise, it belongs to the innermost DO construct in
appears.

The loop terminates, and the DO construct becomes inactive, when any of the following occurs:

which it

(1) Determination that the iteration count is zero or the scalar:logical-expr is false, when tested

during step (1) of the above execution cycle
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(4)

(5)
(6)
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Execution of an EXIT statement belonging to the DO construct

Execution of an EXIT statement or a CYCLE statement that is within the range of the DO
construct, but that belongs to an outer DO construct

Transfer of control from a statement within the range of a DO construct to a statement that is
neither the end-do nor within the range of the same DO construct

Execution of a RETURN statement within the range of the DO construct

Execution of a STOP statement anywhere in the program; or termination of the program for
any other reason.

When a DE construct becomes inactive, the DO-variable, if any, of the DO construct retains its last

defined va

e,

8.1.4.5 Examples of DO constructs

The followgng are all valid examples of block DO constructs.

Example 1

DOI=1(M
1,

00 J
C

END DO

{
END D(

N
I, d) =SUM (A, J, 22 B (:, I, d)

The above|program fragment computes a tensor product of two arrays:

Example 2

READ (IUN, '(1X, G14.7)', IOSTAT = 10S) X

DO WHILE
IF (X

(10s .eq. O
.GE. 0.) THEN

CALL SUBA (X)
CALL suBB (X)

CALL sSuBzZ (X)

ENDIF
READ
END DO

IUN, '(1X, G14.7)', IOSTAT = I0S) X

The above| program fragment contains a DO construct that uses the WHILE form of loop-control. The
loop will gontinue to execute until an end-of-file or input/output error is encountered, at which point the
DO statement terminates the Toop. When a negative value of X is read, the program skips immediately to

the next R
Example 3

DO ' A
READ
IF (1

IF (X < 0.) CYCLE

EAD statement, bypassing most of the range of the loop.

DO WHILE + 1/2" lLoop
IUN, '(1X, G14.7)', IOSTAT = IOS) X

Ve T3

Al

CALL SUBA (X)
CALL susB (X)

CALL suBzZ (X)

END DO
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Example 3 behaves exactly the same as example 2. However, the READ statement has been moved to the
interior of the range, so that only one READ statement is required. Also, a CYCLE statement has been
used to avoid an extra level of IF nesting.

Example 4:

SUM = 0.0
READ (IUN) N
OUTER: DO L =1, N { A DO with a construct name
READ (IUN) IQUAL, M, ARRAY (1:M)
INNER: DO 4D I =1, M ' A DO with a label and a name
CALL CALCULATE (ARRAY (I), RESULT)
IF (RESULT < 0.0) CYCLE
SUM = SUM + RESULT
IF (SUM > SUM_MAX) EXIT OUTER
40 END DO INNER
END DO OUTER

The outer loop has an iteration count of MAX (N, 0), and will execute(that number of times |or until
[JM exceeds SUM_MAX, in which case the EXIT OUTER statement términates both loops. The inner
Idop is skipped by the first CYCLE statement if the quality flag, IQUAL, is too low. If CALQULATE
rdturns a negative RESULT, the second CYCLE statement prevents it from being summed. Note that both
Idops have construct names and the inner loop also has a label) A construct name is required on the
EKIT statement in order to terminate both loops, but is optional on the CYCLE statements becafise each
belongs to its innermost loop.

w

T

xample 5:

Zr~ X
wann

+ 1 | This(statement executes 50 times
END DO | Nonlabeled DO inside a Labeled DO

Alfter execution of the above program fragment, | = 11, ] = 10, K =6, L = 5, and N = 50.

Ekample 6:
N=0
DO I =-1/10
J =21
D060, K =5, 1 ! This inner loop is never executed
L=K
N=N+1
60 CONTINUE | Labeled DO inside a nonltabeled DO
END DO

After execution of the above program fragment, I = 11, ] = 10, K = 5, N = 0, and L is not defined by
these statements.

The following are all valid examples of nonblock DO constructs:
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Example 7:

po 70
READ (IUN, '(1X, G14.7)', IOSTAT = I0S) X
IF (10S .NE. 0) EXIT
IF (X <0.) GOTO 70
CALL SUBA (X)
CALL SUBB (X)

CALL SUBY (X)

CYGLE

70 CAfL SUBNEG (X) ! SUBNEG called only when X < 0.

This is not a Block DO construct because it ends with a statement other than END DO or CONTINUE. The loop will continue to

execute until an end-of-file condition or input/output error occurs.

Example 8:
SUM =10.0
READ {IUN) N
DO 8) L=1, N
READ (IUN) IQUAL, M, ARRAY (1:M)
IF|CIQUAL < IQUAL_MIND M= ! Skip inner loop
poj80 1 =1, M
CALL CALCULATE (ARRAY (I}, RESULT)
IF (RESULT < 0.) CYCLE
SUM = SUM + RESULT
IF (SUM > SUM_MAX) GOTO 81
80 CONTINUE ! This CONTINUE is shared by both loops
81 CONTINUE

This example
CONTINUE s
is skipped by
labeled 81. T

Example 9:

N=0

00 100

J 3
Do

100

In this examp
=5, and N 3

is similar to Example 4 above, except that the twe, loops are not block DO constructs because they share the
atement with the label 80. The terminal construct of the outer DO is the entire inner DO construct. The inner loop
forcing M to zero. If SUM grows too large: both loops are terminated by branching to the CONTINUE statement
e CYCLE statement in the inner loop is uséd o skip negative values of RESULT.

1, 10

K=1,5
K
N +1

I =
I
100
L =
N = | This statement executes 50 times

K

e, the twonloops share an assignment statement. After execution of this program fragment, I = 11, ] L

50.

10, 6,

Example 10:

N=0

00 200 1 =1, 10

J
DO

200

1

200K =5, 1
L=K
N=N+1

I This inner loop is never executed

This example is very similar to the previous one, except that the inner loop is never executed. After execution of this program
fragment, [ = 11, ] = 10, K = 5, N = 0, and L is not defined by these statements.
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8.2 Branching

Branching is used to alter the normal execution sequence. A branch causes a transfer of control from one
statement in a scoping unit to a labeled branch target statement in the same scoping unit. A branch
target statement is an action-stmt, an if-then-stmt, an end-if-stmt, a select-case-stmt, an end-select-stmt, a
do-stmt, an end-do-stmt, a do-term-action-stmt, a do-term-shared-stmt, Or a where-construct-stmt.

It is permissible to branch to an END SELECT statement only from within its CASE construct.

It is permissible to branch to an END IF statement from within its IF construct, and also from outside the

CopstEuct

It|is permissible to branch to an end-do-stmt or a do-term-action-stmt only from within its DO constryict. It is
pefmissible to branch to a do-term-shared-stmt only from within its inner-shared-do-construct.
8.2.1 Statement labels

Al statement label provides a means of referring to an individual statement, Only branci target
sthtements, FORMAT statements, and DO terminations may be referred to by the use of statement labels
(3.2.5).

8.2.2 GO TO statement

RB36  goto-stmt is GO TO label

Cbnstraint: The label must be the statement label of a branéh’ target statement that appears in the same
scoping unit as the goto-stmt.

Execution of a GO TO statement causes a transfer (f control so that the branch target statement
identified by the label is executed next.

82.3 Computed GO TO statement

RB37  computed-goto-stmt is GOTO ( label-list ) |, ] scalar-int-expr

Cbnstraint: Each label in label-list misst’be the statement label of a branch target statement that |appears
in the same scoping unit/as the computed-goto-stmt.

The same statement label may appear more than once in a label list.

32]

ecution of a computed GO“TO statement causes evaluation of the scalar integer expression.| If this
lue is i such that 1 <¢i\< n where 1 is the number of labels in label-list, a transfer of control ofcurs so
Hat the next statemert-executed is the one identified by the ith label in the list of labels. If i is lpss than
1 [or greater than nCthe execution sequence continues as though a CONTINUE statement were exeguted.

o<

812.4 ASSIGN-and assigned GO TO statement

R$38 assigr-strnt is  ASSIGN label TO scalar-int-variable

Constraint: The label must be the statement label of a branch target statement or format-stmt that appears in the same scoping
unit as the assign-stint.

Constraint: scalar-int-variable must be named and of type default integer.

R839 assigned-goto-stmit is GO TO scalar-int-variable [ [ , | { label-list ) |

Constraint: Each label in label-list must be the statement label of a branch target statement that appears in the same scoping
unit as the assigned-goto-stint.

Constraint: scalar-int-variable must be named and of type default integer.

Execution of an ASSIGN statement causes a statement label to be assigned to an integer variable. While defined with a statement

label value, the integer variable may be referenced only in the context of an assigned GO TO statement or as a format specifier in

107


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

I1SO/IEC 1539 : 1991 (E)

an input/output statement. An integer variable defined with a statement label value may be redefined with a statement label value

or an integer

value.

When an input/output statement containing the integer variable as a format specifier (9.4.1.1) is executed, the integer variable must

be defined wit

At the time o
of a branch t

value only by

The execution|

statement labd

If the parenth

h the label of a FORMAT statement.

f execution of an assigned GO TO statement, the integer variable must be defined with the value of a statement label
arget statement that appears in the same scoping unit. Note that the variable may be defined with a statement label
an ASSIGN statement in the same scoping unit as the assigned GO TO statement.

of the assigned GO TO statement causes a transfer of control so that the branch target statement identified by the
| currently assigned to the integer variable is executed next.

sized list is present, the statement label assigned to the integer variable must be one of the statement labels in.the list.

A label may appear more than once in the label list of an assigned GOTO statement.

8.2.5 Aritt

R840

Constraint:

Constraint:

The same labg

Execution of

target statemg

expression is |

arit

metic IF statement

1metic-if-stmt is IF ( scalar-numeric-expr ) label . label , label

Each label must be the label of a branch target statement that appears in the same scdping unit as the aritinnetic-if-

stmt,
The scalar-numeric-expr must not be of type complex.
| may appear more than once in one arithmetic [F statement.

n arithmetic IF statement causes evaluation of the numeric expressiofifollowed by a transter of control. The branch
nt identified by the first label, the second label. or the third label is executed next as the value of the numeric

pss than zero, equal to zero, or greater than zero, respectively.

8.3 CONTINUE statement

Execution ¢

f a CONTINUE statement has no effect.

R841  continue-stmt is CONTINUE
8.4 STOH statement
R842  stop-stmt is STOP [ stop-code ]
R843  stop-code is scalar-char-constant
or digit | digit | digit | digit | digit 1] ]
Constraint] scalar-char‘éoristant must be of type default character.
Execution ¢f a STOP ‘statement causes termination of execution of the executable program. At the time

of terminatjion, thesstop code, if any, is available in a processor-dependent manner. Leading zero digits in

the stop ¢

e dre(not significant.

8.5 PAUSE statement

R844

pause-stmt

is PAUSE | stop-code |

Execution of a PAUSE statement causes a suspension of execution of the executable program. Execution must be resumable. At the

time of suspension of execution, the stop code, if any, is available in a processor-dependent manner. Leading zero digits in the stop

code are not
sequence cont
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Section 9 : Input/output statements

Input statements provide the means of transferring data from external media to internal storage or from
an internal file to internal storage. This process is called reading. Output statements provide the means
of transferring data from internal storage to external media or from internal storage to an internal file.
This process is called writing. Some input/output statements specify that editing of the data is to be
performed.

In addition to the statements that transfer data, there are auxiliary input/output statements to manipulate
the external medium, or to describe or inquire about the properties of the connection t0)the|external
npedium.

he input/output statements are the OPEN, CLOSE, READ, WRITE, PRINT, BACKSPACE, ENDFILE,
EWIND, and INQUIRE statements.

he READ statement is a data transfer input statement. The WRITE statement and the PRINT sfatement
e data transfer output statements. The OPEN statement and the CLOSE, statement are file connection
atements. The INQUIRE statement is a file inquiry statement. The , BACKSPACE, ENDFILE, and
EWIND statements are file positioning statements.

= =0 ]

V)

=

.1 Records

bnsidered to be a record. However, a record does not necessarily correspond to a physicdl entity.

A record is a sequence of values or a sequence of characters.> For example, a line on a terminal i§ usually
C
There are three kinds of records:

(1) Formatted
(2) Unformatted
(3) Endfile

.1.1 Formatted record

rocessor; however, a processor may prohibit some control characters (3.1) from appearing in a
brmatted record. The length of a formatted record is measured in characters and depends primarily on
he number of characters put into the record when it is written. However, it may depend on the
rocessor and the external medium. The length may be zero. Formatted records may be read of written
nly by formatted\input/output statements.

, formatted record consists«ofs a sequence of characters that are capable of representati} in the

(ol o Blladibaalice Bl L * )

ormatted records may be prepared by means other than Fortran; for example, by some manyal input
evice.

Q. T

9.1.2°Unformatted record

Favyl unfurmal’ted returd LUnSib[b Uf d STULTICE Uf leut’b ill d plULebbUr‘deClldelll lr'UIHl dlld IIdy Contain
data of any type or may contain no data. The length of an unformatted record is measured in
processor-dependent units and depends on the output list (9.4.2) used when it is written, as well as on the
processor and the external medium. The length may be zero. Unformatted records may be read or
written only by unformatted input/output statements.
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9.1.3 Endfile record

An endfile record is written explicitly by the ENDFILE statement; the file must be connected for sequential
access. An endfile record is written implicitly to a file connected for sequential access when the most
recent data transfer statement referring to the file is a data transfer output statement, no intervening file
positioning statement referring to the file has been executed, and:

(1) A REWIND or BACKSPACE statement references the unit to which the file is connected, or

(2) The unit (file) is closed, either explicitly by a CLOSE statement, implicitly by a program

termination not caused by an error condition, or implicitly by another OPEN statement for the

S

An endfile
property.

9.2 Files
A file is a s
There are ty
(1) &
(2)

ame unit.

tecord may occur only as the last record of a file. An endfile record does not have a length

rquence of records.
vo kinds of files:

xternal

Internal

9.2.1 Extennal files

An external

At any givg
set of allov
allowed rec

A file may
character st

An external

file is any file that exists in a medium external to the executable program.

n time, there is a processor-dependent set of allowed access methods, a processor-dependent
bed forms, a processor-dependent set of allowed‘actions, and a processor-dependent set of
brd lengths for a file.

have a name; a file that has a name is called a named file. The name of a named file is a
ring. The set of allowable names for a-file is processor dependent.

file that is connected to a unit has.a)position property (9.2.1.3).

9.2.1.1 Fil

At any gi
executable

particular time.

executable
written.

existence

n time, there is a processor-dependent set of external files that are said to exist for an
rogram. A file may.be known to the processor, yet not exist for an executable program at a
For example\there may be security reasons that prevent a file from existing for an
rogram. A file-may exist and contain no records; an example is a newly created file not yet

To create d file means)to cause a file to exist that did not exist previously. To delete a file means to

terminate th

All input/o

e existénce of the file.

itput.statements may refer to files that exist. An INQUIRE, OPEN, CLOSE, WRITE, PRINT,

REWIND, «

br ENDEILE statement also mav refer to a file that does not exist Execution of a WRITE or

PRINT statement referring to a preconnected file that does not exist creates the file.

9.2.1.2 File access

There are two methods of accessing the records of an external file, sequential and direct. Some tiles may
have more than one allowed access method; other files may be restricted to one access method. For
example, a processor may allow only sequential access to a file on magnetic tape. Thus, the set of
allowed access methods depends on the file and the processor.
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The method of accessing the file is determined when the file is connected to a unit (9.3.2) or when the file
is created if the file is preconnected (9.3.3).

9.2.)1.2.1 Sequential access
When connected for sequential access, an external file has the following properties:

(1) The order of the records is the order in which they were written if the direct access method is
not a member of the set of allowed access methods for the file. If the direct access method is
also a member of the set of allowed access methods for the file, the order of the records is the

ame—as—that specified for direct access—Inthiscase,the first record accessible by sequential
access is the record whose record number is 1 for direct access. The second record 'agcessible
by sequential access is the record whose record number is 2 for direct access, ete,~ Al record
that has not been written since the file was created must not be read.

(2) The records of the file are either all formatted or all unformatted, except that-the last record of
the file may be an endfile record. Unless the previous reference to the file was a data fransfer
output statement or a file positioning statement, the last record, if any,) of the file mudt be an
endfile record.

(3) The records of the file must not be read or written by direct access input/output statements.

9.2.1.2.2 Direct access
Whhen connected for direct access, an external file has the following properties:

(1) Each record of the file is uniquely identified by>a. positive integer called the record qumber.
The record number of a record is specified when'the record is written. Once established, the
record number of a record can never be changed. Note that a record may not be {leleted;
however, a record may be rewritten. The'order of the records is the order of their record
numbers.

(2) The records of the file are either_ all formatted or all unformatted. If the sequentia] access
method is also a member of the $et of allowed access methods for the file, its endfile record, if
any, is not considered to be part of the file while it is connected for direct access.| If the
sequential access method is hot a member of the set of allowed access methods for the file, the
file must not contain an‘endfile record.

(3) Reading and writingrecords is accomplished only by direct access input/output statements.
(4) All records of the-file have the same length.

(5) Records neédinot be read or written in the order of their record numbers. Any record may be
written_into the file while it is connected to a unit. For example, it is permissible to write
record 3/ even though records 1 and 2 have not been written. Any record may be regd from
theifile while it is connected to a unit, provided that the record has been written since|the file
was created.

(637~ The records of the file must not be read or written using list-directed formatting| (10.8),
namelist formatting (10.9), or a nonadvancing input/output statement.

9.2.1.3 File position

Execution of certain input/output statements affects the position of an external file. Certain
circumstances can cause the position of a file to become indeterminate.

The initial point of a file is the position just before the first record. The terminal point is the position just
after the last record. If there are no records in the file, the initial point and the terminal point are the
same position.
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If a file is positioned within a record, that record is the current record; otherwise, there is no current
record.

Let n be the number of records in the file. If 1 < i < n and a file is positioned within the ith record or
between the (i — 1)th record and the ith record, the (i — 1)th record is the preceding record. If n = 1
and the file is positioned at its terminal point, the preceding record is the nth and last record. 1If n = 0 or
if a file is positioned at its initial point or within the first record, there is no preceding record.

If 1 < i < n and a file is positioned within the ith record or between the ith and (i + 1)th record, the (i
+ 1)th record is the next record. If n = 1 and the file is positioned at its initial point, the first record is

the next reeord—If = 0 or if afile is positioned at its terminal point or within the nth (last) record,

COT

there is no|next record.

9.2.1.3.1 Advancing and nonadvancing input/output

An advanding input/output statement always positions the file after the last record read or written, unless
there is an|error condition.

A nonadvancing input/output statement may position the file at a character position<within the current
record. Using nonadvancing input/output, it is possible to read or write a recerd of the file by a
sequence ¢f input/output statements, each accessing a portion of the record. Itcis-also possible to read
variable-lehgth records and be notified of their lengths.

9.2.1.3.2 File position prior to data transfer
The positipning of the file prior to data transfer depends on the method‘f access: sequential or direct.

For sequential access on input, if there is a current record, the file-position is not changed. Otherwise,
the file is|positioned at the beginning of the next record and'this record becomes the current record.
Input must not occur if there is no next record or if there is*a current record and the last data transfer
statement pccessing the file performed output.

If the file fontains an endfile record, the file must not_be positioned after the endfile record prior to data
transfer. However, a REWIND or BACKSPACE statement may be used to reposition the file.

For sequential access on output, if there is_alcurrent record, the file position is not changed and the
current re¢ord becomes the last record of thefile. Otherwise, a new record is created as the next record
of the file] this new record becomes the last ‘and current record of the file and the file is positioned at the
beginning pf this record.

For direct|access, the file is positioned at the beginning of the record specified by the record specifier.
This recorfl becomes the current record.
9.2.1.3.3 file position after data transfer

If an error condition({9:4.3) occurred, the position of the file is indeterminate. If no error condition

occurred, but an end;of-file condition (9.4.3) occurred as a result of reading an endfile record, the file is
positioned| after the endfile record.

For nonadvancing input, if no error condition or end-of-file condition occurred, but an end-of-record

condition ¥9-4-3}-eceurred—thefileispositioned-after therecordjust read—lno—errorcordition—end-of
file condition, or end-of-record condition occurred in a nonadvancing input statement, the file position is
not changed. If no error condition occurred in a nonadvancing output statement, the file position is not
changed. In all other cases, the file is positioned after the record just read or written and that record
becomes the preceding record.

9.2.2 Internal files

Internal files provide a means of transferring and converting data from internal storage to internal
storage.
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9.2.2.1 Internal file properies
An internal file has the following properties:

(1) The file is a variable of default character type that is not an array section with a vector
subscript.

(2) A record of an internal file is a scalar character variable.

(3) If the file is a scalar character variable, it consists of a single record whose length is the same
as the length of the scalar character variable. If the file is a character array, it is treated as a

reter—array—eremre - seh—array—eterment—it—ar ts—arecord—-o he—file. The
ordering of the records of the file is the same as the ordering of the array elements-in\the array
(6.2.2.2) or the array section (6.2.2.3). Every record of the file has the same length, [which is
the length of an array element in the array.

cque O ara 1% a wavene

(4) A record of the internal file becomes defined by writing the record~-If the number of
characters written in a record is less than the length of the record, the remaining portign of the
record is filled with blanks. The number of characters to be written must not exieed the
length of the record.

(5) A record may be read only if the record is defined.

(6) A record of an internal file may become defined (or undefinied) by means other than ap output
statement. For example, the character variable may bécome defined by a character asfignment
statement.

(7)  An internal file is always positioned at the beginning of the first record prior to data [transfer.
This record becomes the current record.

(8) On input, blanks are treated in the samexway as for an external file opened with a BLANK=
specifier having the value NULL and regerds are padded with blanks if necessary (9.4.4.4.2).

(9) On list-directed output, character constants are not delimited (10.8.2).

9.2.2.2 Internal file restrictions
An internal file has the following réstrictions:

(1) Reading and writing\records must be accomplished only by sequential access fprmatted
input/output statéments that do not specify namelist formatting.

(2) An internal ~file"must not be specified in a file connection statement, a file pdsitioning
statement (or-a file inquiry statement.

9.3 File connection
A unit, spécified by an io-unit, provides a means for referring to a file.

R901, \yio-unit is external-file-unit
or *
or internal-file-unit

R902  external-file-unit is scalar-int-expr
R903  internal-file-unit is default-char-variable
Constraint: The default-char-variable must not be an array section with a vector subscript.

A unit is either an external unit or an internal unit. An external unit is used to refer to an external file
and is specified by an external-file-unit or an asterisk. An internal unit is used to refer to an internal file
and is specified by an internal-file-unit.
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If a character variable that identifies an internal file unit is a pointer, it must be associated. If the
character variable is an allocatable array or a subobject of such an array, the array must be currently

allocated.

A scalar integer expression that identifies an external file unit must be zero or positive.

The io-unit in a file positioning statement, a file connection statement, or a file inquiry statement must be
an external-file-unit.

The external unit identified by the value of the scalar-int-expr is the same external unit in all program
units of the executable program. In the example:

SUBROUTIh‘E A
READ (6) X

SUBROUTINE B

N=6
REWIND

the value 6

N

used in both program units identifies the same external unit.

An asterisi identifies particular processor-dependent external units that are preconnected for formatted

sequential

9.3.1 Unit

At any giy
executable

All input/
statement 3

9.3.2 Corn

An externg
external fil
statement.
to the unit

All input/q

hccess (9.4.4.2).

existence

ren time, there is a processor-dependent set of extethal units that are said to exist for an
program.

utput statements may refer to units that exist. The INQUIRE statement and the CLOSE
lIso may refer to units that do not exist.
nection of a file to a unit

1 unit has a property of being connected or not connected. If connected, it refers to an
. An external unit may become connected by preconnection or by the execution of an OPEN
The property of connectiomis: Symmetric; if a unit is connected to a file, the file is connected

utput statements except/an OPEN, a CLOSE, or an INQUIRE statement must refer to a unit

that is conmected to a file and thereby make use of or affect that file.

A file may
written (9.}

A unit mus
more than
unit and to

be connected-and not exist. An example is a preconnected external file that has not yet been
.1.1). .

t not be connected to more than one file at the same time, and a file must not be connected to
one, unit at the same time. However, means are provided to change the status of an external
connect a unit to a different file.

After an external unit has been disconnected by the execution of a CLOSE statement, it may be connected

again withi

n the same executable program to the same file or to a different file. After an external file has

been disconnected by the execution of a CLOSE statement, it may be connected again within the same

executable
referencing
statement.

program to the same unit or to a different unit. Note, however, that the only means of
a file that has been disconnected is by the appearance of its name in an OPEN or INQUIRE
There may be no means of reconnecting an unnamed file once it is disconnected.

An internal unit is always connected to the internal file designated by the variable of default character
type that identifies the unit.
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9.3.3 Preconnection

Preconnection means that the unit is connected to a file at the beginning of execution of the executable

program and therefore it may be specified in input/output statements without the prior execution of an
OPEN statement.

9.3.4 The OPEN statement

An OPEN statement initiates or modifies the connection between an external file and a specified unit.
The OPEN statement may be used to connect an existing file to a unit, create a file that is preconnected,
cifeate a file and connect 1t to a unit, or change certain specitiers of a connection between a file and a
uhit.

external unit may be connected by an OPEN statement in any program unit of an executable program
and, once connected, a reference to it may appear in any program unit of the executable-program.

If|a unit is connected to a file that exists, execution of an OPEN statement for that unit is permitted. If
tHe FILE= specifier is not included in such an OPEN statement, the file to be cdnnected to the urdit is the
sgme as the file to which the unit is already connected.

If| the file to be connected to the unit does not exist but is the same as_the file to which thd unit is
preconnected, the properties specified by an OPEN statement become a part of the connection.

If[ the file to be connected to the unit is not the same as the file to’ which the unit is connected, the effect
is| as if a CLOSE statement without a STATUS= specifier had been executed for the unit immlediately
prior to the execution of an OPEN statement.

If| the file to be connected to the unit is the same as tHe\file to which the unit is connected, ¢nly the
BLANK=, DELIM=, PAD=, ERR=, and IOSTAT =Uspecifiers may have values different from those
cyrrently in effect. Execution of such an OPEN statement causes any new value of the BLANK=,
JELIM=, or PAD= specifiers to be in effect, but'does not cause any change in any of the ungpecified
specifiers and the position of the file is unaffected. The ERR= and IOSTAT= specifiers frpm any
previously executed OPEN statement have npeffect on any currently executed OPEN statement.

If| a file is already connected to a unit, execution of an OPEN statement on that file and a different unit is

ndt permitted.
RP04  open-stmt is OPEN ( connect-spec-list )
RPOS  connect-spec is | UNIT = ] external-file-unit

or IOSTAT = scalar-default-int-variable
or ERR = label

or FILE = file-name-expr

or STATUS = scalar-default-char-expr
or ACCESS = scalar-default-char-expr
or FORM = scalar-default-char-expr

or RECL = scalar-int-expr

or BLANK = scalar-default-char-expr
or POSITION = scalar-default-char-expr
or ACTION = crnfnr-ﬂ'ofnulf-rhnr-pr‘vgr
or DELIM = scalar-default-char-expr

or PAD = scalar-default-char-expr

R906  file-name-expr is scalar-default-char-expr

Constraint: If the optional characters UNIT= are omitted from the unit specifier, the unit specifier must
be the first item in the connect-spec-list. '

Constraint: Each specifier must not appear more than once in a given open-stmt; an external-file-unit
must be specified.
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Constraint: The label used in the ERR= specifier must be the statement label of a branch target
statement that appears in the same scoping unit as the OPEN statement.

If the STATUS = specifier has the value OLD, NEW, or REPLACE, the FILE= specifier must be present.
If the STATUS = specifier has the value SCRATCH, the FILE= specifier must be absent.

A specifier that requires a scalar-default-char-expr may have a limited list of character values. These
values are listed for each such specifier. Any trailing blanks are ignored. If a processor is capable of
representing letters in both upper and lower case, the value specified is without regard to case. Some
specifiers have a default value if the specifier is omitted.

The IOSTAT = specifier and ERR= specifier are described in 9.4.1.4 and 9.4.1.5, respectively.
An example of an OPEN statement is:

OPEN (10] FILE = 'employee.names', ACTION = 'READ', PAD = 'YES')

9.3.4.1 FILE= specifier in the OPEN statement

The value|of the FILE= specifier is the name of the file to be connected to the specified unit. Any
trailing bldnks are ignored. The file-name-expr must be a name that is allowed by(the processor. If this
specifier is|omitted and the unit is not connected to a file, the STATUS= specifiérmust be specified with
a value of SCRATCH; in this case, the connection is made to a processor-depenident file. If a processor is
capable ofl representing letters in both upper and lower case, the interpretation of case is processor
dependent

9.3.4.2 STATUS= specifier in the OPEN siatement

The scalarntdefault-char-expr must evaluate to OLD, NEW, SCRATCH, REPLACE, or UNKNOWN. If
OLD is specified, the file must exist. If NEW is specified, the ‘file must not exist.

Successful |execution of an OPEN statement with NEW specified creates the file and changes the status to
OLD. If REPLACE is specified and the file does not “already exist, the file is created and the status is
changed tq OLD. If REPLACE is specified and the‘filé does exist, the file is deleted, a new file is created
with the same name, and the status is changed toNOLD. 1f SCRATCH is specified, the file is created and
connected |to the specified unit for use by the executable program but is deleted at the execution of a
CLOSE statement referring to the same unit ot at the termination of the executable program. Note that
SCRATCH must not be specified with a'named file. If UNKNOWN is specified, the status is processor
dependent| If this specifier is omitted{ the default value is UNKNOWN.

9.3.4.3 ACCESS= specitier in the OPEN statement

The scalat-default-char-expf-must evaluate to SEQUENTIAL or DIRECT. The ACCESS= specifier
specifies the access method for the connection of the file as being sequential or direct. If this specifier is
omitted, the default value is SEQUENTIAL. For an existing file, the specified access method must be
included in the set ©f)allowed access methods for the file. For a new file, the processor creates the file
with a set jof allowed access methods that includes the specified method.

9.3.4.4 FORM= specifier in the OPEN statement

The scalar-default-char-expr must evaluate to FORMATTED or UNFORMATTED. The FORM=
specifier determines whether the file is being connected for formatted or unformatted input/output. If
this specifier is omitted, the default value is UNFORMATTED if the file is being connected for direct
access, and the default value is FORMATTED if the file is being connected for sequential access. For an

existing file, the specified form must be included in the set of allowed forms for the file. For a new file,
the processor creates the file with a set of allowed forms that includes the specified form.
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9.3.4.5 RECL= specifier in the OPEN statement

The value of the RECL=specifier must be positive. It specifies the length of each record in a file being
connected for direct access, or specifies the maximum length of a record in a file being connected for
sequential access. This specifier must be present when a file is being connected for direct access. If this
specifier is omitted when a file is being connected for sequential access, the default value is processor
dependent. If the file is being connected for formatted input/output, the length is the number of
characters for all records that contain only characters of type default character. If the file is being
connected for unformatted input/output, the length is measured in processor-dependent units. For an
existing file, the value of the RECL= specifier must be included in the set of allowed record lengths for
he file. F'or a new lile, the processor creates the file with a set of allowed record lengths that indludes the
pecified value.

.3.4.6 BLANK= specifier in the OPEN statement

he scalar-default-char-expr must evaluate to NULL or ZERO. The BLANK= speéifier is permitted only
or a file being connected for formatted input/output. If NULL is specified; all blank chagacters in
umeric formatted input fields on the specified unit are ignored, except that a-tield of all blanks has a
balue of zero. If ZERO is specified, all blanks other than leading blanks are treated as zerog. If this
pecifier is omitted, the default value is NULL.

9.3.4.7 POSITION= specifier in the OPEN statement

The scalar-default-char-expr must evaluate to ASIS, REWIND,{or"APPEND. The connection myst be for
equential access. A file that did not exist previously (a newile, either specified explicitly or by default)
s positioned at its initial point. REWIND positions an existing file at its initial point. APPEND [positions
n existing file such that the endfile record is the next, record, if it has one. If an existing file|does not
ave an endfile record, APPEND positions the filevat its terminal point. ASIS leaves the| position
nchanged if the file exists and already is connected.~ ASIS leaves the position unspecified if the file exists
but is not connected. If this specifier is omitted’the default value is ASIS.

$.3.4.8 ACTION= specifier in the OPEN’statement

[he scalar-default-char-expr must evaluate to READ, WRITE, or READWRITE. READ specifieq that the
WRITE and ENDFILE statements.must not refer to this connection. WRITE specifies that READ
tatements must not refer to this connection. READWRITE permits any 1/O statements to refer to this
onnection. If this specifier~js*omitted, the default value is processor dependent. If READWRITE is
ncluded in the set of allowable actions for a file, both READ and WRITE also must be included [n the set
bf allowed actions forcthat file. For an existing file, the specified action must be included in the set of
llowed actions for, the file. For a new file, the processor creates the file with a set of allowe actions
hat includes the specified action.

.3.4.9 DELIM= specifier in the OPEN statement

he scalardefault-char-expr must evaluate to APOSTROPHE, QUOTE, or NONE. If APOSTROPHE is
pecified, the apostrophe will be used to delimit character constants written with list-directed orl namelist
ormatting and all internal apostrophes will be doubled. If QUOTE is specified, the quotation mark will
be—tisedto—delimi ara onstan itten—withlist-directed—or—namelistformatting—an internal
quotation marks will be doubled. If APOSTROPHE or QUOTE is specified, a kind-param and
underscore will be used to precede the leading delimiter of a nondefault character constant. If the value
of this specifier is NONE, a character constant when written will not be delimited by apostrophes or
quotation marks, nor will any internal apostrophes or quotation marks be doubled. If this specifier is
omitted, the default value is NONE. This specifier is permitted only for a file being connected for
formatted input/output. This specifier is ignored during input of a formatted record.

117


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

9.3.4.10 PAD= specifier in the OPEN statement

The scalar-d

padded wit

efault-char-expr must evaluate to YES or NO. If YES is specified, a formatted input record is
h blanks (9.4.4.4.2) when an input list is specified and the format specification requires more

data from a record than the record contains. If NO is specified, the input list and the format specification
must not require more characters from a record than the record contains. If this specifier is omitted, the
default value is YES. This specifier is permitted only for a file being connected for formatted
input/output. This specifier is ignored during output of a formatted record.

Note that for nondefault character types, the blank padding character is processor dependent.

9.3.5 The

The CLOSE

Execution ¢
program an

that unit.

Execution ¢

permitted a

After a uni

the same e»

disconnecte

CLOSE statement
statement is used to terminate the connection of a specified unit to an external file.

f a CLOSE statement that refers to a unit may occur in any program unit of an, eéxecutable
d need not occur in the same program unit as the execution of an OPEN statement referring to

f a CLOSE statement specifying a unit that does not exist or has no file’Connected to it is
hd affects no file.

has been disconnected by execution of a CLOSE statement, it may be ‘connected again within
ecutable program, either to the same file or to a different file. , After a named file has been
H by execution of a CLOSE statement, it may be connected again within the same executable

program, either to the same unit or to a different unit, provided that thé filé still exists.

At terminat
that are cd
termination

the effect

connected

ion of execution of an executable program for reasons other than an error condition, all units
nnected are closed. Each unit is closed with status, KEEP unless the file status prior to
of execution was SCRATCH, in which case the unitus closed with status DELETE. Note that
s as though a CLOSE statement without a STFATUS= specifier were executed on each
nit.

R907  close-stmt is CLOSE ( close-spec-list )
R908  cloje-spec is [ UNIT. =] external-file-unit
or IOSTAT = scalar-default-int-variable
or ERR .= label
or STATUS = scalar-default-char-expr
Constraint:| If the optional characters)UNIT = are omitted from the unit specifier, the unit specifier must
be the first item in_the)close-spec-list.
Constraint:| Each specifier must not appear more than once in a given close-stmt; an external-file-unit
must be specified.
Constraint:| The label>used in the ERR= specifier must be the statement label of a branch target
statement’ that appears in the same scoping unit as the CLOSE statement.
The scalar-default-char-expr has a limited list of character values. Any trailing blanks are ignored. If a

processor is
regard to ca

Capable of representing letters in both upper and lower case, the value specified is without

se.

The IOSTAT = specifier and ERR= specifier are described in 9.4.1.4 and 9.4.1.5, respectively.

An example of a CLOSE statement is:

CLOSE (10

1ns

, STATUS = 'KEEP')
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9.3.5.1 STATUS= specifier in the CLOSE statement

The scalar-default-char-expr must evaluate to KEEP or DELETE. The STATUS= specifier determines the
disposition of the file that is connected to the specified unit. KEEP must not be specified for a file whose
status prior to execution of a CLOSE statement is SCRATCH. If KEEP is specified for a file that exists,
the file continues to exist after the execution of a CLOSE statement. If KEEP is specified for a file that
does not exist, the file will not exist after the execution of a CLOSE statement. If DELETE is specified,
the file will not exist after the execution of a CLOSE statement. If this specifier is omitted, the default
value is KEEP, unless the file status prior to execution of the CLOSE statement is SCRATCH, in which
case the default value is DELETE.

94 Data transfer statements

The READ statement is the data transfer input statement. The WRITE statementCand the| PRINT
sthtement are the data transfer output statements.

RPO9  read-stmt is READ ( io-control-spec-list ) | input-iterp=list
or READ format | , input-item-list |

RP10  write-stmt is WRITE ( io-control-spec-list ) | output-item-list |

Rp11  print-stmt is PRINT format [ , output-item:list ]

Examples of data transfer statements are:

READ (6, *) SIZE
READ 10, A, B

WRITE (6, 100 A, S, J
PRINT 10, A, S, J

D FORMAT (2E16.3, I5)

_—

A

4.1 Control information list

The io-control-spec-list is a control information list that includes:

(1) A reference to the source or.destination of the data to be transferred
(2) Optional specification of .editing processes

(3) Optional specification to identify a record

(4) Optional spegification of exception handling

(5) Optional.return of status

(6) Optional record advancing specification

(7)  Optional return of number of characters read

The control information list governs the data transfer.
RP12 '\ ‘io-control-spec is [ UNIT = ]} io-unit
or [ FMT = ] format
or [ NML = | namelist-group-name

or REC = scalar-int-expr

or IOSTAT = scalar-default-int-variable
or ERR = label

or END = label

or ADVANCE = scalar-default-char-expr
or SIZE = scalar-default-int-variable

or EOR = label
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Constraint: An io-control-spec-list must contain exactly one io-unit and may contain at most one of
each of the other specifiers.

Constraint: An END=, EOR =, or SIZE= specifier must not appear in a write-stmt.

Constraint: The label in the ERR=, EOR=, or END = specifier must be the statement label of a branch
target statement that appears in the same scoping unit as the data transfer statement.

Constraint: A namelist-group-name must not be present if an input-item-list or an output—item-lisf is
present in the data transfer statement.

Constraint:

Constraint: If the optional characters UNIT= are omitted from the unit specifier, the unit specifier niust
be the first item in the control information list.

Constrain: If the optional characters FMT = are omitted from the format specifier, the format, specifier
must be the second item in the control information list and the first item must/be the unit
specifier without the optional characters UNIT =.

Constrain{: If the optional characters NML= are omitted from the namelist specitier, the namelist
specifier must be the second item in the control information list and(the first item must be
the unit specifier without the optional characters UNIT=.

Constrainf: If the unit specifier specifies an internal file, the io-control-spec-list must not contain a
REC = specitier or a namelist-group-name.

Constrainf: If the REC= specifier is present, an END= specifier mst not appear, a namelist-group-
name must not appear, and the format, if any, must not be an asterisk specifying list-
directed input/output.

Constrainf: An ADVANCE= specifier may be present only in a formatted sequential input/output
statement with explicit format specification{10.1) whose control information list does not
contain an internal file unit specifier.

Constrain{: If an EOR = specifier is present, an ADVANCE = specifier also must appear.

A SIZE=| specifier may be present only in an\input statement that contains an ADVANCE= specifier
with the vialue NO.

An EOR= specifier may be present only\in an input statement that contains en ADVANCE= specifier
with the vlalue NO.

If the datp transfer statement contains a format or namelist-group-name, the statement is a formatted
input/output statement; otherwise, it is an unformatted input/output statement.

In a data [transfer statemént;”the variable specified in an IOSTAT= or a SIZE= specifier, if any, must
not be asjociated with<any entity in the data transfer input/output list (9.4.2) or namelist-group-object-
list, nor with a do-pariable of an io-implied-do in the data transfer input/output list.

In a data|transfer statement, if a variable specified in an IOSTAT= or a SIZE= specifier is an array
element rpference, its subscript values must not be affected by the data transfer, the io-implied-do
processing, ‘op the definition or evaluation of any other specifier in the io-control-spec-list.

For the ADVANCE= specifier, the scalar-default-char-expr has a limited list of character values. Any
trailing blanks are ignored. If a processor is capable of representing letters in both upper and lower case,
the value specified is without regard to case.

An example of a READ statement is:
READ (IOSTAT = I0S, UNIT = 6, FMT = '"(10F8.2)') A, B
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9.4.1.1 Format specifier

R913  format is default-char-expr
or label
or *

or scalar-default-int-variable

Constraint: The label must be the label of a FORMAT statement that appears in the same scoping unit

as the statement containing the format specifier.

The scalar-default-int-variable must have been assigned (8.2.4) the statement label of a FORMAT statement that appears in the same

s¢oping unit as the format.

The default-char-expr must evaluate to a valid format specification (10.1.1 and 10.1.2),~ N
default-char-expr includes a character constant.

Pt

default-char-expr is an array, it is treated as if all of the elements of the array were’ specified
ement order and were concatenated.

= 0

format is *, the statement is a list-directed input/output statement.
An example in which the format is a character expression is:

READ (6, FMT = "('* // CHAR_FMT // ™" ) X, Y, Z

where CHAR_FMT is a default character variable.

14.1.2 Namelist specifier

9
The NML= specifier supplies the namelist-group-name (5.4). This name identifies a specific coll
data objects on which transfer is to be performed.

I§ a namelist-group-name is present, the statement is a namelist input/output statement.

4.1.3 Record number

9
The REC= specifier specifies the numbef-of the record that is to be read or written. This speci
b
C
s

atement; otherwise, it is a seqilential access input/output statement.

L)

.4.1.4 Input/output status

ey

xecution of an input/output statement containing the IOSTAT = specifier causes the variable spg
ne IOSTAT = specifier to become defined:

lad

(1) Withyazero value if neither an error condition, an end-of-file condition, nor an end-
condition occurs,

(2)—With a processor-dependent positive integer value if an error condition occurs,

(3) With a processor-dependent negative integer value if an end-of-file condition occurg

e present only in an input/output statement that specifies a unit connected for direct access
bntrol information list contains ‘a’/ REC= specifier, the statement is a direct access input/output

ote that

in array

bction of

fier may

If the

cified in

f-record

and no

error condition occurs, or

(4) With a processor-dependent negative integer value different from the end-of-file value if an

end-of-record condition occurs and no error condition or end-of-file condition occurs.

Note that an end-of-file condition may occur only during execution of a sequential input statement and an

end-of-record condition may occur only during execution of a nonadvancing input statement.
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Consider the example:

READ (FMT = "(E8.3)", UNIT = 3, IOSTAT = I0SS) X
I

IF (10SS < 0) THEN
{
| Perform end-of-file processing on the file
! connected to unit 3.

CALL END_PROCESSING
I

ELSE IF (JOSS > 0) THEN
I

I Perform error processing

CALL ERROR_PROCESSING
|

END IF

9.4.1.5 Emrgr branch

If an inputfoutput statement contains an ERR= specifier and an error condition (9:4.3) occurs during
execution of the statement:

(1) Hxecution of the input/output statement terminates,
2)

(3) If the input/output statement also contains an IOSTAT:#= specifier, the variable specified
Hecomes defined with a processor-dependent positive integer value,

"he position of the file specified in the input/output statemenf becomes indeterminate,

(4) I the statement is a READ statement and it contains’a SIZE= specifier, the variable becomes
efined with an integer value (9.4.1.9), and

(5)

xecution continues with the statement specified in the ERR = specifier.

9.4.1.6 En

If an input ptatement contains an END = specifiér and an end-of-file condition (9.4.3) occurs and no error
condition (9.4.3) occurs during execution of the statement:

oy
(2)

-of-file branch

xecution of the input statement terminates,

the file specified in fhe ‘input statement is an external file, it is positioned after the endfile
ecord,

(3)

f the input statemeént also contains an IOSTAT = specifier, the variable specified becomes
efined with aprocessor-dependent negative integer value, and

xecution‘continues with the statement specified in the END = specitier.

statemient, the control information list must not contain an END = specifier.

If an input statement contains an EOR=specifier and an end-of-record condition (9.4.3) occurs and no
error condition (9.4.3) occurs during execution of the statement:

(1) If the PAD= specifier has the value YES, the record is padded with blanks to satisfy the input
list item (9.4.4.4.2) and corresponding data edit descriptor that requires more characters than
the record contains,

(2) Execution of the input statement terminates,
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The file specified in the input statement is positioned after the current record,

If the input statement also contains an IOSTAT= specifier, the variable specified becomes
defined with a processor-dependent negative integer value,

If the input statement contains a SIZE= specifier, the variable becomes defined with an integer
value (9.4.1.9), and

Execution continues with the statement specified in the EOR = specifier.

In a WRITE statement, the control information list must not contain an EOR= specifier.

T

9.4.1.9 Character count

statement.
R914  input-item is wvariable
or fo-implied-do
R915  output-item is expr
or io-implied-do
R916  io-implied-do iss ¥ io-implied-do-object-list , io-implied-do-control )
R917  io-implied-do-object is input-item
or output-item
R$18  io-implied-do-control is do-variable = scalar-numeric-expr , B

Cpnstraint: A variable’that is an input-itern must not be an assumed-size array.

Copnstraint: The\do-variable must be a scalar of type integer, default real, or double precision real.

9.1;1.1.8 Advance specifier

9.4.2 Data transfer input/output list

e scalar-default-char-expr must evaluate to YES or NO. The ADVANCE= specifiér) determines
whether nonadvancing input/output occurs for this input/output statement. If NO “is specified,
ngnadvancing input/output occurs. If YES is specified, advancing formatted sequential input/output
oqcurs. If this specifier is omitted, the default value is YES.

When a nonadvancing input statement terminates, the variable specifiedin_the SIZE= specifier becomes
ddfined with the count of the characters transferred by data edit descriptors during execution| of the
cyrrent input statement. Blanks inserted as padding (9.4.4.4.2) are natycounted.

Ah input/output list specifies the entities whose values arejtransferred by a data transfer inputl/output

B scalar-numeric-expr | , scalar-numeric-expr |

Cpnstraint:~Each scalar-numeric-expr in an io-implied-do-control must be of type integer, defau}t real, or

double precision real.

Cbnstraint: In an input-item-list, an io-implied-do-object must be an input-item. In an output-item-list,

an io-implied-do-object must be an output-item.

An input-item must not appear as, nor be associated with, the do-variable of any io-implied-do that
contains the input-item.

If an input item is a pointer, it must be currently associated with a definable target and data are
transferred from the file to the associated target. If an output item is a pointer, it must be currently
associated with a target and data are transferred from the target to the file.

If an input item or an output item is an allocatable array, it must be currently allocated.
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The do-variable of an io-implied-do that is contained within another io-implied-do must not appear as,
nor be associated with, the do-variable of the containing io-implied-do.

If an array appears as an input/output list item, it is treated as if the elements, if any, were specified in
array element order (6.2.2.2). However, no element of that array may affect the value of any expression
in the input-item, nor may any element appear more than once in an input-item. For example:

INTEGER A (100>, 4 (100

READ *, A (A) I Not allowed

READ *, ﬁ_(.LBQLIMD_(.A.,J)_:_LLE.QLLND_(A.J.)_)_'AJJ.Qued
READ *, (€D ! Allowed, provided no two elements

|
! of J have the same value
!

READ *, A (A (1) : A (10) Not al lowed

A derived-fype object must not appear as an input/output list item if any component ultimately’ contained
within the|object is not accessible within the scoping unit containing the input/output statement. An

example is|a structure accessed from a module within which its type is PUBLIC but its(components are
PRIVATE.

If a derivefl type ultimately contains a pointer component, an object of this type~must not appear as an
input item |nor as the result of the evaluation of an output list item.

If a derivefl-type object appears as an input/output list item in a formatted, input/output statement, it is
treated as {f all of the components of the object were specified in the samé grder as in the definition of the
derived type.

An input/putput list item of derived type in an unformatted input/eutput statement is treated as a single
value in a|processor-dependent form. Note that, in this case, thHé)appearance of a derived-type object as
an input/dutput list item is not equivalent to the list of its components.

For an imglied-DO, the loop initialization and execution-ig’the same as for a DO construct (8.1.4.4).

An input/¢utput list must not contain an item of nondefault character type if the input/output statement
specifies an internal file.

Note that p constant, an expression involving-Operators or function references, or an expression enclosed
in parenthgses may appear as an output list.itém but must not appear as an input list item.

An example of an output list with an implied-DO is:
WRITE (LB, FMT = '(10F8.2)') (LOG (A (D), I =1, N+9, K, G

9.4.3 Errgr, end-of-record; and end-ot-file conditions
The set of [input/output error conditions is processor dependent.

An end-ofirecord condition occurs when a nonadvancing input statement attempts to transfer data from a
position bgyond the.end of the current record.

An end-of{file”condition occurs in either of the following cases:

1 Al AL . + P | . ala s I £:1 ok F |
VVIITID 4dIT TITUIUT TTCUIU S TLITILUUIITITU UUL g HTIT 1TAUllly U d THE S CUTHTITLITW TUL OTyutTiitial

access.
(2) When an attempt is made to read a record beyond the end of an internal file.

An end-of-file condition may occur at the beginning of execution of an input statement. An end-of-file
condition also may occur during execution of a formatted input statement when more than one record is
required by the interaction of the input list and the format.

If an error condition or an end-of-file condition occurs during execution of an input/output statement,
execution of the input/output statement terminates and any implied-DO variables become undefined. If
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an error condition occurs during execution of an input/output statement, the position of the file becomes
indeterminate.

If an error or end-of-file condition occurs on input, all input list items become undefined.

If an end-of-record condition occurs during execution of a nonadvancing input statement, the following
occurs: if the PAD= specifier has the value YES, the record is padded with blanks (9.4.4.4.2) to satisfy
the input list item and corresponding data edit descriptor that require more characters than the record
contains; execution of the input statement terminates and any implied-DO variables become undefined;
and the file specified in the input statement is positioned after the current record.

Efecution of the executable program is terminated if an error condition occurs during execufion of an
rlput/output statement that contains neither an IOSTAT = nor an ERR= specifier, or if amend-of-file
ndition occurs during execution of a READ statement that contains neither an IOSTAT="spec|fier nor
ah END= specifier, or if an end-of-record condition occurs during execution of a nomadvancing READ
sthtement that contains neither an IOSTAT = specifier nor an EOR= specifier.

A =

9/4.4 Execution of a data transfer input/output statement

The effect of executing a data transfer input/output statement must be as if-the following operatigns were
performed in the order specified:

(1) Determine the direction of data transfer

(2) Identify the unit

(3) Establish the format if one is specified

(4) Position the file prior to data transfer (9.2.1.3.2)

(5) Transfer data between the file and the entities specified by the input/output list (if [any) or
namelist

(6) Determine whether an error condition, an end-of-file condition, or an end-of-record c¢ndition
has occurred

(7) Position the file after data trdnster (9.2.1.3.3)
(8) Cause any variables specified in the [IOSTAT = and SIZE= specifiers to become definegl.

0

4.4.1 Direction of datadransfer

tm

kecution of a READ statement causes values to be transferred from a file to the entities specifiedl by the
put list, if any, or specified within the file itself for namelist input. Execution of a WRITE orf PRINT
sfatement causes values to be transferred to a file from the entities specified by the output list and format
srecification, if @ny, or by the namelist-group-name for namelist output. Execution of a WRITE or
PRINT statemént-for a file that does not exist creates the file unless an error condition occurs.

—o
=

9l4.4.2 |dentifying a unit

Al ddta transfer input/output statement that contains an input/output control list includes a unit fspecifier
Hat—identifies an external unit or an internal file. A READ statement that does not contain an
input/output control list specifies a particular processor-dependent unit, which is the same as the unit
identified by * in a READ statement that contains an input/output control list. The PRINT statement
specifies some other processor-dependent unit, which is the same as the unit identified by * in a WRITE
statement. Thus, each data transfer input/output statement identifies an external unit or an internal file.

-

The unit identified by a data transfer input/output statement must be connected to a file when execution
of the statement begins. Note that the file may be preconnected.

125


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

9.4.4.3 Establishing a format

If the input/output control list contains * as a format, list-directed formatting is established. If namelist-
group-name is present, namelist formatting is established. If no format or namelist-group-name is
specified, unformatted data transfer is established. Otherwise, the format specification identified by the
format specifier is established. If the format is an array, the effect is as if all elements of the array were
concatenated in array element order.

On output, if an internal file has been specified, a format specification that is in the file or is associated
with the file must not be specified.

9444 D

ita transfer

Data are trpnsferred between records and entities specified by the input/output list or namelist. The-list

items are

except nam
next effecti

determining

item. The
within the

which the d

rocessed in the order of the input/output list for all data transfer input/output statéements
plist formatted data transfer statements. The next item to be processed in the list is 'called the
Ve item. Zero-sized arrays and implied-DO lists with iteration counts of zero are ignored in
the next effective item. A character item of zero character length is treated as an effective
list items for a namelist input statement are processed in the order of the<entities specified
input records. The list items for a namelist output statement are progessed in the order in
ata objects (variables) are specified in the namelist-group-object-list.

All values needed to determine which entities are specified by an input/output(ist item are determined at

the beginni

All values

ng of the processing of that item.

hre transmitted to or from the entities specified by a list item prior to the processing of any

succeeding |ist item for all data transfer input/output statements. In the example,
READ (N) N, X (ND
the old valge of N identifies the unit, but the new value of N.is the subscript of X.

All values flollowing the name= part of the namelist entity (10.9) within the input records are transmitted
to the matdhing entity specified in the namelist-groupcobject-list prior to processing any succeeding entity
within the {nput record for namelist input statements.” If an entity is specified more than once within the
input recorfl during a namelist formatted data transfer input statement, the last occurrence of the entity
specifies the value or values to be used for that entity.

An input li$t item, or an entity associated with it, must not contain any portion of an established format
specification.

If the inputfoutput item is a pointer, data are transferred between the file and the associated target.

al file has been spécified, an input/output list item must not be in the file or associated with
te that the file 4s\a-data object.

If an intern|
the file. N

A DO vari
items that g

hble becomes, ‘defined and its iteration count established at the beginning of processing of the
onstitutedhe range of an io-implied-do.

On output,|everylentity whose value is to be transferred must be defined.

9.44.4.1 Untormatted datatransier

During unformatted data transfer, data are transferred without editing between the current record and the
entities specified by the input/output list. Exactly one record is read or written.

Objects of intrinsic or derived types may be transferred by means of an unformatted data transfer
statement.

On input, the file must be positioned so that the record read is an unformatted record or an endfile
record. The number of values required by the input list must be less than or equal to the number of
values in the record. Each value in the record must be of the same type as the corresponding entity in the
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input list, except that one complex value may correspond to two real list entities or two real values may
correspond to one complex list entity. The type parameters of the corresponding entities must be the
same. Note that if an entity in the input list is of type character, the character entity must have the same
length and the same kind type parameter as the character value. Also note that if two real values
correspond to one complex entity or one complex value corresponds to two real entities, all three must
have the same kind type parameter value.

On output to a file connected for direct access, the output list must not specify more values than can fit
into the record. If the file is connected for direct access and the values specified by the output list do not
fill the record, the remainder of the record is undefined.

If[the file is connected for sequential access, the record is created with a length sufficient to\Hold the
vdlues from the output list. This length must be one of the set of allowed record lengths forythe file and
mpst not exceed the value specified in the RECL= specifier, if any, of the OPEN.'statemdnt that
established the connection.

[f|the file is connected for formatted input/output, unformatted data transfer is prohibited.

The unit specified must be an external unit.

94.44.2 Formatted data transfer

Diiring formatted data transfer, data are transferred with editing between the file and the entities specified
by the input/output list or by the namelist-group-name, if any. Eormat control is initiated and edliting is
pgrformed as described in Section 10. The current record and_possibly additional records are fead or
written.

Vilues may be transferred by means of a formatted data transfer statement to or from objects of intrinsic
or| derived types. In the latter case, the transfer is in_tHé form of values of intrinsic types to or ffom the
cdmponents of intrinsic types that ultimately comprise.these structured objects.

Oh input, the file must be positioned so that the técord read is a formatted record or an endfile reqord.
If [the file is connected for unformatted input/output, formatted data transfer is prohibited.

Dliring advancing input from a file whese ' PAD = specifier has the value NO, the input list and|format
specification must not require more ¢haracters from the record than the record contains.

Dliring advancing input from a file-whose PAD = specifier has the value YES, or during input from an
internal file, blank characters~are supplied by the processor if the input list and format specification
require more characters from the record than the record contains.

Dliring nonadvancing -input from a file whose PAD= specifier has the value NO, an end-of-record
cdndition (9.4.3) ocetirs”if the input list and format specification require more characters from th¢ record
thian the record contains.

Dliring nonadvancing input from a file whose PAD= specifier has the value YES, an end-of-record
cqndition occurs and blank characters are supplied by the processor if an input item and its corresponding
dgta edit“descriptor require more characters from the record than the record contains.

If [the_ file is connected for direct access, the record number is increased by one as each succeeding record

is radd-—or e bian
Feae—or—witteh-

On output, if the file is connected for direct access or is an internal file and the characters specified by the
output list and format do not fill a record, blank characters are added to fill the record.

On output, the output list and format specification must not specify more characters for a record than
have been specified by a RECL= specifier in the OPEN statement or the record length of an internal file.
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9.4.4.5 Llist-directed formatiting

If list-directed formatting has been established, editing is performed as described in 10.8.

9.4.4.6 Namelist formatting

If namelist formatting has been established, editing is performed as described in 10.9.

9.4.5 Printing of formatted records

The transfer of information in a formatted record to certain devices determined by the processor is called

printing. 1
characters

The first character of such a record must be of default character type and determines vertical spacing as

follows:

If there are
are printed|

The PRINT
that printin
9.4.6 Terrn

Terminatio)
met:

1)

(2)
3)

a tormatted record 1s printed, the hirst character of the record 1s not printed. lhe remaining
f the record, if any, are printed in one line beginning at the left margin.

Character  Vertical Spacing Before Printing

Blank One Line

0 Two Lines
1 To First Line of Next Page
+ No Advance

no characters in the record, the vertical spacing is one line and no characters other than blank
in that line.

[ statement does not imply that printing will occur, and‘the WRITE statement does not imply
g will not occur.

hination of data transter statements

n of an input/output data transfer statement occurs when any of the following conditions are

Format processing encounters a dataedit descriptor and there are no remaining elements in the
input-item-list or output-item-list.

Unformatted or list-directed-data transfer exhausts the input-item-list or output-item-list.

Namelist output exhausts\the namelist-group-object-list or namelist input reaches the end of a
record after having processed a name-value subsequence for every item in the namelist-group-
object-list.

An error condition occurs.

[An end-of-filé-condition occurs.

A slash(7) is encountered as a value separator (10.8, 10.9) in the record being read during
list-directed or namelist input.

(7)

9.5 File positioning statements
R919  backspace-stmt is BACKSPACE external-file-unit

or BACKSPACE ( position-spec-list )

R920  endfile-stmt is ENDFILE external-file-unit
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R921  rewind-stmt is REWIND external-file-unit
or REWIND ( position-spec-list )

A file that is not connected for sequential access must not be referred to by a BACKSPACE, an ENDFILE,
or a REWIND statement. A file that is connected with an ACTION= specifier having the value READ

must not be referred to by an ENDFILE statement.
R922  position-spec is [ UNIT = | external-file-unit

or IOSTAT = scalar-default-int-variable
or ERR = label

Cpnstraint: The label in the ERR= specifier must be the statement label of a branch target, statement
that appears in the same scoping unit as the file positioning statement.

Cbnstraint:  If the optional characters UNIT= are omitted from the unit specifier, the unit‘speciffer must
be the first item in the position-spec-list.

Constraint: A position-spec-list must contain exactly one external-file-unit and may. Contain at most one
of each of the other specifiers.

The IOSTAT = and ERR= specifiers are described in 9.4.1.4 and 9.4.1.5, respectively.

O

5.1 BACKSPACE statement

ecution of a BACKSPACE statement causes the file connected¢to the specified unit to be pgsitioned
bfore the current record if there is a current record, or beforejthe preceding record if there is no current
dcord. If there is no current record and no preceding record, the position of the file is not dhanged.
ote that if the preceding record is an endfile record, the.file is positioned before the endfile record. If a
ACKSPACE statement causes the implicit writing of an endfile record, the file is positioned before the
dcord that precedes the endfile record.

w72 o m

—

Bhckspacing a file that is connected but does notcexist is prohibited.

Bhckspacing over records written using list-directed or namelist formatting is prohibited.
n example of a BACKSPACE statement\is:

CKSPACE (10, ERR = 200

@

5.2 ENDFILE statement

9

Ekecution of an ENDFILE statement writes an endfile record as the next record of the file. The fil¢ is then
ppsitioned after the endfile record which becomes the last record of the file. If the file also [may be
connected for direct\access, only those records before the endfile record are considered to have been
written. Thus, ofily-those records may be read during subsequent direct access connections to the|file.

A

fter execution: of an ENDFILE statement, a BACKSPACE or REWIND statement must be |used to
rgposition the 'file prior to execution of any data transfer input/output statement or ENDFILE statgment.

Ekecution'of an ENDFILE statement for a file that is connected but does not exist creates the file|prior to
riting the endfile record.

s

An example of an ENDFILE statement is:
ENDFILE K

9.5.3 REWIND statement

Execution of a REWIND statement causes the specified file to be positioned at its initial point. Note that

if the file is already positioned at its initial point, execution of this statement has no effect on the position
of the file.
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Execution of a REWIND statement for a file that is connected but does not exist is permitted and has no

effect.

An example of a REWIND statement is:

REWIND 10

9.6 Filei

nquiry

The INQUIRE statement may be used to inquire about properties of a particular named file or of the

connection
uses the FI
which uses
the rules fo

An INQUIJ
assigned by

R923  ing

Examples o

INQUIRE (
INQUIRE (
FORM =

9.6.1 Ing

LE = specifier, inquire by unit, which uses the UNIT= specifier, and inquire by output list,
only the IOLENGTH= specifier. All specifier value assignments are performed according/to
I assignment statements.

RE statement may be executed before, while, or after a file is connected to a unit. (Al values
an INQUIRE statement are those that are current at the time the statement is executed.

is INQUIRE ( inquire-spec-list )

or INQUIRE ( IOLENGTH = scalar-default-int=variable ) B
B output-item-list

pire-stmt

[ INQUIRE statements are:

[OLENGTH = IOL) A (1:N)
UNIT = JOAN, OPENED = LOG_0O1, NAMED = LOG_02, &
CHAR_VAR, IOSTAT = IOS)

iry specifiers
Unless conq't'rained, the following inquiry specifiers may be:used in either of the inquire by file or inquire
by unit forms of the INQUIRE statement:

R924  ing

Lire-spec is | UNIT = )external-file-unit

or FILE = file=name-expr

or IOSTAT = scalar-default-int-variable

or ERR =" [abel

or EXIST = scalar-default-logical-variable

ot OPENED = scalar-default-logical-variable
ot NUMBER = scalar-default-int-variable

or NAMED = scalar-default-logical-variable

or NAME = scalar-default-char-variable

or ACCESS = scalar-default-char-variable

or SEQUENTIAL = scalar-default-char-variable
or DIRECT = scalar-default-char-variable

or FORM = scalar-default-char-variable

or FORMATTED = scalar-default-char-variable
or UNFORMATTED = scalar-default-char-variable

or RECI crnlnr-r]ofnn’f-{nf-ﬁnw'nh’o
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NEXTREC = scalar-default-int-variable
BLANK = scalar-default-char-variable
POSITION = scalar-default-char-variable
ACTION = scalar-default-char-variable
READ = scalar-default-char-variable
WRITE = scalar-default-char-variable
READWRITE = scalar-default-char-variable
DELIM = scalar-default-char-variable

PAD = scalar-default-char-variable

or
or
or
or
or
or
or
or
or
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Constraint: An inquire-spec-list must contain one FILE= specifier or one UNIT= specifier, but not
both, and at most one of each of the other specifiers.

Constraint: In the inquire by unit form of the INQUIRE statement, if the optional characters UNIT =
are omitted from the unit specifier, the unit specifier must be the first item in the inquire-
spec-list.

When a returned value of a specifier other than the NAME= specifier is of type character and the
processor is capable of representing letters in both upper and lower case, the value returned is in upper
case.

If[an error condition occurs during execution of an INQUIRE statement, all of the inquiry $pecifier
vdriables become undefined, except for the variable in the IOSTAT = specifier (if any).

The IOSTAT = and ERR = specifiers are described in 9.4.1.4 and 9.4.1.5, respectively.

9.6.1.1 FILE= specifier in the INQUIRE statement

e value of the file-name-expr in the FILE= specifier specifies the name of the file being inquired about.
The named file need not exist or be connected to a unit. The value of the filesname-expr must [be of a
fofm acceptable to the processor as a file name. Any trailing blanks dre‘ignored. If a processor is
able of representing letters in both upper and lower case, the inferpretation of case is processor

Exlecution of an INQUIRE by file statement causes the scalar-default-logical-variable in the BEXIST=
cifier to be assigned the value true if there exists a file’ with the specified name; otherwise, |false is
igned. Execution of an INQUIRE by unit statement’scauses true to be assigned if the speciffed unit

Execution of an INQUIRE by file statemerit-causes the scalar-default-logical-variable in the OPENED =
cifier to be assigned the value true-if the file specified is connected to a unit; otherwise, |false is
igned. Execution of an INQUIRE by unit statement causes the scalar-default-logical-variable to be
igned the value true if the specified unit is connected to a file; otherwise, false is assigned.

.1.4 NUMBER= specifier in the INQUIRE statement

The scalar-default-int-variable in the NUMBER = specifier is assigned the value of the exterpal unit
identifier of the unit.that is currently connected to the file. If there is no unit connected to the file, the
vdlue -1 is assigned.

9.6.1.5 NAMED= specifier in the INQUIRE statement

The scalar=default-logical-variable in the NAMED = specifier is assigned the value true if the file has a
ndme; Otherwise, it is assigned the value false.

9.6 NAME—=spocitiorinthe INQUIRE statement

The scalar-default-char-variable in the NAME = specifier is assigned the value of the name of the file if
the file has a name; otherwise, it becomes undefined. Note that if this specifier appears in an INQUIRE
by file statement, its value is not necessarily the same as the name given in the FILE= specifier. For
example, the processor may return a file name qualified by a user identification. However, the value
returned must be suitable for use as the value of the file-name-expr in the FILE= specifier in an OPEN
statement. If a processor is capable of representing letters in both upper and lower case, the case of the
characters assigned to scalar-default-char-variable is processor dependent.
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9.6.1.7 ACCESS= specifier in the INQUIRE statement

The scalar-default-char-variable in the ACCESS = specifier is assigned the value SEQUENTIAL if the file
is connected for sequential access, and DIRECT if the file is connected for direct access. If there is no
connection, it is assigned the value UNDEFINED.

9.6.1.8 SEQUENTIAL= specifier in the INQUIRE statement

The scalar-default-char-variable in the SEQUENTIAL= specifier is assigned the value YES if
SEQUENTIAL is included in the set of allowed access methods for the file, NO if SEQUENTIAL is not
included in_the set of allowed access methods for the file _and TINKNOWN if the processor is unable to

determine whether or not SEQUENTIAL is included in the set of allowed access methods for the file.

9.6.1.9 DIRECT= specifier in the INQUIRE statement

The scalantdefault-char-variable in the DIRECT = specifier is assigned the value YES if DIRECT is
included i} the set of allowed access methods for the file, NO if DIRECT is not includedMn“the set of
allowed acfess methods for the file, and UNKNOWN if the processor is unable to deterfnine whether or
not DIRE(T is included in the set of allowed access methods for the file.

9.6.1.10 BORM= specifier in the INQUIRE statement

The scalartdefault-char-variable in the FORM = specifier is assigned the value(FORMATTED if the file is
connected ffor formatted input/output, and is assigned the value UNFORMATTED if the file is connected
for unformatted input/output. If there is no connection, it is assigned the'walue UNDEFINED.

9.6.1.11 FORMATIED= specifier in the INQUIRE statement

The scaldr-default-char-variable in the FORMATTED= .specifier is assigned the wvalue YES if
FORMATTED is included in the set of allowed forms for thé tile, NO if FORMATTED is not included in
the set of allowed forms for the file, and UNKNOWN if the processor is unable to determine whether or
not FORMATTED is included in the set of allowed forms for the file.

9.6.1.12 UNFORMATTED = specifier in the INQUIRE statement

The scalat-default-char-variable in the UNEORMATTED= specifier is assigned the value YES if
UNFORMATTED is included in the setof -allowed forms for the file, NO if UNFORMATTED is not
included in the set of allowed forms for the file, and UNKNOWN if the processor is unable to determine
whether of not UNFORMATTED is(included in the set of allowed forms for the file.

9.6.1.13 RECL= specifier indhe INQUIRE statement

The scalar{default-int-variable’in the RECL= specifier is assigned the value of the record length of a file
connected ffor direct access,”or the value of the maximum record length for a file connected for sequential
access. If [the file is.cofinected for formatted input/output, the length is the number of characters for all
records that containvonly characters of type default character. If the file is connected for unformatted
input/outfut, the-length is measured in processor-dependent units. If there is no connection, the scalar-
default-intiuariable becomes undefined.

9.6.1.14 NEXTREC= specifier in the INQUIRE statement

The scalar-default-int-variable in the NEXTREC = specifier is assigned the value n + 1, where n is the
record number of the last record read or written on the file connected for direct access. If the file is
connected but no records have been read or written since the connection, the scalar-default-int-variable is
assigned the value 1. If the file is not connected for direct access or if the position of the file is
indeterminate because of a previous error condition, the scalar-default-int-variable becomes undefined.
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9.6.1.15 BLANK= specifier in the INQUIRE statement

The scalar-default-char-variable in the BLANK = specifier is assigned the value NULL if null blank control
is in effect for the file connected for formatted input/output, and is assigned the value ZERO if zero
blank control is in effect for the file connected for formatted input/output. If there is no connection, or if

the connection is not for formatted input/output, the scalar-default-char-variable is assigned the value
UNDEFINED.

9.6.1.16 POSITION= specifier in the INQUIRE statement

= = = i = ifier i i if the file is
connected by an OPEN statement for positioning at its initial point, APPEND if the file is conngcted for
ppsitioning before its endfile record or at its terminal point, and ASIS if the file is connected |without
anging its position. If there is no connection or if the file is connected for direct access, the¢ scalar-
default-char-variable is assigned the value UNDEFINED. If the file has been repesitioned sjnce the
connection, the scalar-default-char-variable is assigned a processor-dependent valué/ which mus} not be
REWIND unless the file is positioned at its initial point and must not be APPEND unless the file is
positioned so that its endfile record is the next record or at its terminal point if’it-has no endfile rdcord.

6.1.17 ACTION= specifier in the INQUIRE statement

9
The scalar-default-char-variable in the ACTION= specifier is assighed the value READ if the file is
connected for input only, WRITE if the file is connected for gutput only, and READWRITH if it is

connected for both input and output. If there is no connection, the scalar-default-char-vatiable is
agsigned the value UNDEFINED.

916.1.18 READ= specifier in the INQUIRE statement

The scalar-default-char-variable in the READ = specifier is assigned the value YES if READ is incduded in
the set of allowed actions for the file, NO if READ is not included in the set of allowed actiond for the
file, and UNKNOWN if the processor is unable \to determine whether or not READ is-included i the set
of allowed actions for the file.

916.1.19 WRITE= specifier in the INQUIRE statement

The scalar-default-char-variable in-the WRITE= specifier is assigned the value YES if WRITE is |ncluded
ir] the set of allowed actions for.the file, NO if WRITE is not included in the set of allowed action for the
file, and UNKNOWN if the.processor is unable to determine whether or not WRITE is included ip the set
of allowed actions for the file.

hel

6.1.20 READWRITE= specifier in the INQUIRE statement

he scalar-default-char-variable in the READWRITE= specifier is assigned the value YES if REAIDWRITE
ig| included in-the set of allowed actions for the file, NO if READWRITE is not inciuded in the set of

allowed actions for the file, and UNKNOWN if the processor is unable to determine whether or not
ADWRITE is included in the set of allowed actions for the file.

—~

—

916:1.21 DELIM= specifier in the INQUIRE statement

The scalar-default-char-variable in the DELIM = gpecifier is assigned the value APOSTROPHE if the
apostrophe is to be used to delimit character data written by list-directed or namelist formatting. If the
quotation mark is used to delimit such data, the value QUOTE is assigned. If neither the apostrophe nor
the quote is used to delimit the character data, the value NONE is assigned. If there is no connection or

if the connection is not for formatted input/output, the scalar-default-char-variable is assigned the value
UNDEFINED.
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9.6.1.22 PAD= specifier in the INQUIRE statement

The scalar-default-char-variable in the PAD= specifier is assigned the value NO if the connection of the
file to the unit included the PAD= specifier and its value was NO. Otherwise, the scalar-default-char-
variable is assigned the value YES.

9.6.2 Restrictions on inquiry specifiers

A variable

that may become defined or undefined as a result of its use in a specifier in an INQUIRE

statement, or any associated entity, must not appear in another specifier in the same INQUIRE statement.

exactly one
or be conn
about the fi

a UNIT= specifier.

The inquire-spec-list in an INQUIRE by unit statement must contain
UNIT = specifier and must not contain a FILE= specifier. The unit specified need not, exist
cted to a file. If it is connected to a file, the inquiry is being made about the connectign and
e connected.

9.6.3 Inquire by output list

The inquire
and include

The scalar-
that would
suitable as
when there

9.7 Restr

A function
reference ca
of expressig

9.8 Restr

If a unit, o

by output list form of the INQUIRE statement does not include a FILE=,or UNIT = specifier,
5 only an IOLENGTH = specifier and an output list.

Hefault-int-variable in the JOLENGTH= specifier is assigned the processor-dependent value
result from the use of the output list in an unformatted output statement. The value must be
a RECL= specifier in an OPEN statement that connects a file for unformatted direct access
are input/output statements with the same input/output list.

ctions on function references and list items

reference must not appear in an expression anywhere in an input/output statement if such a
uses another input/output statement to be executed. Note that restrictions in the evaluation

ns (7.1.7) prohibit certain side effects.

ction on input/output statements

r a file connected to a unit, does not have all of the properties required for the execution of

certain inpyt/output statements, those statements must not refer to the unit.
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Section 10 : Input/output editing

A format used in conjunction with an input/output statement provides information that directs the
editing between the internal representation of data and the characters of a sequence of formatted records.

A format specifier (9.4.1.1) in an input/output statement may refer to a FORMAT statement or to a
character expression that contains a format specification. A format specification provides explicit editing
information. The format specifier also may be an asterisk (%) which indicates list-directed formatting
(10.8). Instead of a format specitier, a namelist-group-name may be specified which indicates hamelist
fgrmatting (10.9).

10.1 Explicit format specification methods
Explicit format specification may be given:
(1) In a FORMAT statement, or

(2) In a character expression.

10.1.1 FORMAT statement

R1001 format-stmt is FORMAT format-specificgtion
RI002 format-specification is ([ format-item-list )
Cbnstraint: The format-stmt must be labeled.

Cbnstraint: The comma used to separate format-iteras in a format-item-list may be omitted as follows:

(1) Between a P edit descripfor and an immediately following F, E, EN, ES, D, or G
edit descriptor (10.6.5) '

(2) Before a slash edit descriptor when the optional repeat specification is not| present
(10.6.2)

(3)  After a slash edit descriptor
(4) Before.or after a colon edit descriptor (10.6.3)

Blank characters may precede the initial left parenthesis of the format specification. Additional blank
cHaracters may appear-at_any point within the format specification, with no effect on the interprefation of
tHe format specification; except within a character string edit descriptor (10.7.1, 10.7.2).

Examples of FORMAT statements are:

5 FORMAT-(1PE12.4, 110)
9 FORMAT (I12, /, ' Dates: ', 2 (213, I5))

1041.2" Character format specification

A character expression used as a format specifier in a formatted input/output statement must evaluate to
a character string whose leading part is a valid format specification. Note that the format specification
begins with a left parenthesis and ends with a right parenthesis.

All character positions up to and including the final right parenthesis of the format specification must be
defined at the time the input/output statement is executed, and must not become redefined or undefined
during the execution of the statement. Character positions, if any, following the right parenthesis that
ends the format specification need not be defined and may contain any character data with no effect on
the interpretation of the format specification.
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If the format specifier references a character array, it is treated as if all of the elements of the array were
specified in array element order and were concatenated. However, if a format specifier references a
character array element, the format specification must be contained entirely within that array element.

10.2 Form of a format item list

R1003 format-item is [ r ] data-edit-desc

or control-edit-desc

or char-string-edit-desc
ar [ r ] ( format item list )

R1004 r is int-literal-constant
Constraint:| r must be positive.
Constraint:] 7 must not have a kind parameter specified for it.

The integer] literal constant r is called a repeat specification.

10.2.1 Edjt descriptors
An edit dedcriptor is a data edit descriptor, a control edit descriptor, or a character_string edit descriptor.

R1005 data-edit-desc is Tw|.m]
or Bw|[.m]
or Ow|.m]
or Zw|.m]

or Fw.d

or Ew.d[Ee]
or ENw . d[Ee]
or ESw.d[Ee]
or Gw.d[Ee]

or Lw

or Alw]

or D w,.d
R1006 w is int:literal-constant
R1007 m i§ int-literal-constant
R1008 d is int-literal-constant
R1009 e is int-literal-constant

Constraint] w and e must beé positive.
Constraint] w, m, d,and e must not have kind parameters specified for them.
I, B, O, Z)F, E, EN\'ES, G, L, A, and D indicate the manner of editing.

R1010 coptrol-edit-desc is position-edit-desc
or [r]/

or :

or sign-edit-desc

or kP

or blank-interp-edit-desc

R1011 k is signed-int-literal-constant

Constraint: k must not have a kind parameter specified for it.
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R1012 position-edit-desc is Tn
or TL n
or TR n
or n X
R1013 =n is int-literal-constant

Constraint: 7 must be positive.

Constraint: 7 must not have a kind parameter specified for it.

1991 (E)

R1014 sign-edit-desc is S
or SP
or SS

R1015 blank-interp-edit-desc is BN
or BZ

In kP, k is called the scale factor.

T, TL, TR, X, slash, colon, S, SP, SS, P, BN, and BZ indicate the manner of ‘editing.

R1016 char-string-edit-desc is char-literal-constant

Q1017 ¢ is int-literal-constant

(Jonstraint: ¢ must be positive.

{onstraint: ¢ must not have a kind parameter specified for it.

(onstraint: The rep-char in the cH form must be of default character type.

(onstraint: The char-literal-constant must not have'a kind parameter specified for it.

Hach rep-char in a character string edit descriptor’ must be one of the characters capable of repres
Hy the processor.

The character string edit descriptors provide constant data to be output, and are not valid for inp|
Within a character literal constant, appearances of the delimiter character itself, apostrophe d
thust be as consecutive pairs without intervening blanks. Each such pair represents a single occu
the delimiter character.

or ¢ H rep-char | rep-char ] ...

the H edit descriptor, ¢ specifies_ the number of characters following the H.

a processor is capable of representing letters in both upper and lower case, the edit descrij
lithout regard to(case except for the characters following the H in the H edit descriptor and the characte
haracter constants.

.2.2 Fields

fieldjis'a part of a record that is read on input or written on output when format control enc

bentation

ut.

r quote,
Frence of

ptors are
rs in the

unters a
rs of the

ata edit descriptor or a character string edit descriptor. The field width is the size in characte
fleld
10.3 Interaction between input/output list and format

The beginning of formatted data transfer using a format specification initiates format control (9.4.4.4.2).
Each action of format control depends on information jointly provided by:

(1)  The next edit descriptor contained in the format specification, and

(2) The next effective item in the input/output list, if one exists.
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If an input/output list specifies at least one effective list item, at least one data edit descriptor must exist
in the format specification. Note that an empty format specification of the form ( ) may be used only if
the input/output list is empty or each item is of zero size.

Except for a format item preceded by a repeat specification r, a format specification is interpreted from
left to right.

A format item preceded by a repeat specification is processed as a list of r items, each identical to the
format item but without the repeat specification and separated by commas. Note that an omitted repeat
specification is treated in the same way as a repeat specification whose value is one.

d € PDLO eIpIc a O d D d O

the input/output list (9.4.2), except that an input/output list item of type complex requires
the interpretation of two F, E, EN, ES, D, or G edit descriptors. For each control edit descriptor)or
character edit descriptor, there is no corresponding item specified by the input/output list, and\format
control communicates information directly with the record.

Whenever [format control encounters a data edit descriptor in a format specification,. it"determines
whether there is a corresponding effective item specified by the input/output list. If thepe'is/such an item,
it transmit$ appropriately edited information between the item and the record, and_ther format control
proceeds. [f there is no such item, format control terminates.

If format fontrol encounters a colon edit descriptor in a format specification® and another effective
input/outpput list item is not specified, format control terminates.

If format ¢ontrol encounters the rightmost parenthesis of a completeformat specification and another
effective input/output list item is not specified, format control terminates. However, if another effective
input/output list item is specified, the file is positioned in a manneridentical to the way it is positioned
when a sldsh edit descriptor is processed (10.6.2). Format control then reverts to the beginning of the
format item terminated by the last preceding right parenthesis. If there is no such preceding right
parenthesig, format control reverts to the first left parenthesis of the format specification. If any
reversion pccurs, the reused portion of the format specification must contain at least one data edit
descriptor.| If format control reverts to a parenthesis that is preceded by a repeat specification, the repeat
specification is reused. Reversion of format control, ‘of itself, has no effect on the scale factor (10.6.5.1),
the sign coptrol edit descriptors (10.6.4), or theblank interpretation edit descriptors (10.6.6).

Example:
10 FORMAT (1X, 2(F10.3, I5))

with an ou

[he format specification:

put list of
WRITE (10,10 10.1, 3, 4.7,.1, 12.4, 5, 5.2, 6
produces the same output as the format specification:

10 FORMAT (1x, F10.3y°15, F10.3, I5/F10.3, 15, F10.3, I5)

10.4 Pogitioning by format control

After each|data edit descriptor or character string edit descriptor is processed, the file is positioned after
the last character read or written in the current record.

After each T, TL, TR, or X edit descriptor is processed, the file is positioned as described in 10.6.1. After
each slash edit descriptor is processed, the file is positioned as described in 10.6.2.

If format control reverts as described in 10.3, the file is positioned in a manner identical to the way it is
positioned when a slash edit descriptor is processed (10.6.2).

During a read operation, any unprocessed characters of the current record are skipped whenever the next
record is read.
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10.5 Data edit descriptors

Data edit descriptors cause the conversion of data to or from its internal representation. Characters in
the record must be of default kind if they correspond to the value of a numeric, logical, or default
character data entity, and must be of nondefault kind if they correspond to the value of a data entity of
nondefault character type. Characters transmitted to a record as a result of processing a character string
edit descriptor must be of default kind. On input, the specified variable becomes defined unless an error
condition, an end-of-file condition, or an end-of-record condition occurs. On output, the specified
expression is evaluated.

10.5.T Numeric edifing

The I, B, O, Z, F, E, EN, ES, D, and G edit descriptors may be used to specify the input/oytput of
integer, real, and complex data. The following general rules apply:

(1)  On input, leading blanks are not significant. The interpretation of blanks, other than|leading
blanks, is determined by a combination of any BLANK= specifier (9.3/4,6), the defaylt for a
preconnected or internal file, and any BN or BZ blank control that is currently in effec{ for the
unit (10.6.6). Plus signs may be omitted. A field containing only ‘blanks is considergd to be
zero.

(2) On input, with F, E, EN, ES, D, and G editing, a decimal point appearing in the input field
overrides the portion of an edit descriptor that specifies, tHe) decimal point location. The input
field may have more digits than the processor uses to,approximate the value of the datym.

(3)  On output with I, F, E, EN, ES, D, and G editing, the representation of a positive |or zero
internal value in the field may be prefixed with.a plus, as controlled by the S, SP, and SS edit
descriptors or the processor. The representation of a negative internal value in the figld must
be prefixed with a minus. However, the pfocessor must not produce a negative signed zero in
a formatted output record.

(4) On output, the representation is right-justified in the field. If the number of characters
produced by the editing is smaller'than the field width, leading blanks are inserted in the field.

(5)  On output, if the number .of characters produced exceeds the field width or if an exponent
exceeds its specified length \using the Ew.dEe, ENw.dEe, ESw.dEe, or Gw.dEe edit degcriptor,
the processor must fill the entire field of width w with asterisks. However, the processor must
not produce asterisks.if the field width is not exceeded when optional characters are ¢mitted.
Note that when an SP edit descriptor is in effect, a plus is not optional.

10.5.1.1 Integer editing

The lw, lw.m, Bw,Bw.m, Ow, Ow.m, Zw, and Zw.m edit descriptors indicate that the field to be edited
ogcupies w positions. The specified input/output list item must be of type integer. The G edit dgscriptor
also may be used to edit integer data (10.5.4.1.1).

input,-m’has no effect.

Ir] thé.input field for the I edit descriptor, the character string must be in the form of an optionally signed
integer constant, except for the interpretation of blanks. For the B, O, and Z edit descriptprs, the
character string must consist of binary, octal, or hexadecimal digits (R408, R409, R410) in the respective
input field. If a processor is capable of representing letters in both upper and lower case, the lower-case
hexadecimal digits a through f in a hexadecimal input field are equivalent to the corresponding upper-case
hexadecimal digits.

The output field for the Iw edit descriptor consists of zero or more leading blanks followed by a minus if
the value of the internal datum is negative, or an optional plus otherwise, followed by the magnitude of
the internal value in the form of an unsigned integer constant without leading zeros. Note that an integer
constant always consists of at least one digit.
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The output field for the Bw, Ow, and Zw descriptors consists of zero or more leading blanks followed by
the internal value in a form identical to the digits of a binary, octal, or hexadecimal constant,
respectively, with the same value and without leading zeros. Note that a binary, octal, or hexadecimal
constant always consists of at least one digit.

The output field for the Iw.m, Bw.m, Ow.m, and Zw.m edit descriptor is the same as for the Iw, Bw,
Ow, and Zw edit descriptor, respectively, except that the unsigned integer constant consists of at least m
digits. If necessary, sufficient leading zeros are included to achieve the minimum of m digits. The value
of m must not exceed the value of w. If m is zero and the value of the internal datum is zero, the output
field consists of only blank characters, regardless of the sign control in effect.

10.5.1.2 RLal and complex editing

The F, E, BN, ES, and D edit descriptors specify the editing of real and complex data. An input/output
list item cdrresponding to an F, E, EN, ES, or D edit descriptor must be real or complex. The/G edit
descriptor 3lso may be used to edit real and complex data (10.5.4.1.2).

If a procedsor is capable of representing letters in both upper and lower case, a lowerscase letter is
equivalent fo the corresponding upper-case letter in the exponent in a numeric input field(

10.5.1.2.1 |F editing

The Fw.d ddit descriptor indicates that the field occupies w positions, the fractional part of which consists
of d digits.

The input |field consists of an optional sign, followed by a string ‘of one or more digits optionally
containing [a decimal point, including any blanks interpreted as zerpos:\The d has no effect on input if the
input field [contains a decimal point. If the decimal point is omitted, the rightmost d digits of the string,
with leadirlg zeros assumed if necessary, are interpreted as the fractional part of the value represented.
The string|of digits may contain more digits than a processor uses to approximate the value of the
constant. [The basic form may be followed by an exponent’of one of the following forms:

(1) [Explicitly signed integer constant

(2) E followed by zero or more blanks, followed by an optionally signed integer constant

(3) D followed by zero or more blanks, followed by an optionally signed integer constant
An exponeht containing a D is processed.identically to an exponent containing an E.

Note that if the input field does not(¢ontain an exponent, the effect is as if the basic form were followed
by an expanent with a value of —k, where k is the established scale factor (10.6.5.1).

The outpuf field consists of blanks, if necessary, followed by a minus if the internal value is negative, or
an optiona| plus otherwise;followed by a string of digits that contains a decimal point and represents the
magnitude |of the internal-value, as modified by the established scale factor and rounded to d fractional
digits. Leading zeros-are not permitted except for an optional zero immediately to the left of the decimal
point if th¢ magnitude’ of the value in the output field is less than one. The optional zero must appear if
there wouldl othérwise be no digits in the output field.

10.5.1.2.2

The Ew.d, Dw.d, and Ew.dEe edit descriptors indicate that the external field occupies w positions, the
fractional part of which consists of d digits, unless a scale factor greater than one is in effect, and the
exponent part consists of e digits. The e has no effect on input and d has no effect on input if the input
field contains a decimal point.

The form and interpretation of the input field is the same as for F editing (10.5.1.2.1).

140


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

The form of the output field for a scale factor of zero is:
[ £ ]1[0].xx2- - xgexp

where:
+ signifies a plus or a minus.

X1Xx, * * - x4 are the d most significant digits of the datum value after rounding.

exp is a decimal exponent having one of the following forms:

Edit Absolute Value Form of
Descriptor of Exponent Exponent
Ew.d lexp | <99 Et+z,z; 0or £02,2,
99 < |exp | =999 +292,2;
Ew.dEe lexp | =10 —1 Etz,z, -z
Dw.d lexp | <99 Dx+z,z orExzz,
or iOlez
99 < |expo= 999 +2,2,2;

where each z is a digit.

he sign in the exponent is produced."A plus sign is produced if the exponent value is zero. T
w.d and Dw.d must not be used if\|exp| > 999.

pntains exactly |k| leading-zeros and d - |k| significant digits after the decimal point. If 0 < k ;
he output field contains‘exactly k significant digits to the left of the decimal point and d
gnificant digits to the ‘right of the decimal point. Other values of k are not permitted.

5.1.2.3 EN editing

he EN edit descriptor produces an output field in the form of a real number in engineering nota
that the decimal exponent is divisible by three and the absolute value of the significand (4.3.1.2)
than or_equal to 1 and less than 1000, except when the output value is zero. The scale facto
fection output.

T
E
The scale factor k controls thésdecimal normalization (10.2.1, 10.6.5.1). If -d < k =< 0, the oufput field
G
t
s

he forms

- d + 2,
—k+1

ion such
s greater
r has no

positions, the fractional part of which consists of d digits and the exponent part consists of e digit

The form and interpretation of the input field is the same as for F editing (10.5.1.2.1).

cupies w
s.
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The form of the output field is:
[ £ lyyy.xixz " " - xgexp

where:
+ signifies a plus or a minus.
yyy are the 1 to 3 dec1mal d1g1ts representative of the most significant digits of the value of the
datun < r, if the output value is zero

yyy £ 0).

x,X3 | * x4 are the d next most significant digits of the value of the datum after rounding.

exp is| a decimal exponent, divisible by three, of one of the following forms:

Edit Absolute Value Form of
Descriptor of Exponent Exponent
ENw.d lexp | =99 Etz,z, or ®0z,z,
99 < |exp | <999 *z12523
ENw.dEe lexp | =10°—1 Etz.z,- -z,

wherg each z is a digit.

The sign ir the exponent is produced. A plus sign-i§_produced if the exponent value is zero. The form
ENw.d mu$t not be used if jexp| > 999.

Examples:

Internal Value® Output field Using SS, EN12.3

6.421 6.421E+00
=5 -500.000E-03
.00217 2.170E-03

4721.3 4.721E+03

10.5.1.24 [ ES editing

The ES edjt descriptor produces an output field in the form of a real number in scientific notation such
that the aHsoliite' value of the significand (4.3.1.2) is greater than or equal to 1 and less than 10, except
when the dutput value is zero. The scale factor has no effect on output.

The forms of the edit descriptor are ESw.d and ESw.dEe indicating that the external field occupies w
positions, the fractional part of which consists of d digits and the exponent part consists of e digits.

The form and interpretation of the input field is the same as for F editing (10.5.1.2.1).
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The form of the output field is:
[ £ lyxxz: - xgexp

where:
+ signifies a plus or a minus.

y is a decimal digit representative of the most significant digit of the value of the datum after
rounding.

XX, * * * xy are the d next most significant digits of the value of the datum after rounding.

exp is a decimal exponent having one of the following forms:

Edit Absolute Value Form of
Descriptor of Exponent Exponent
ESw.d lexp | =99 E+z.25 or 02z,
99 < |exp | =999 +z,2523
ESw.dEe lexp | <=10° =1 Etzz, -2,

where each z is a digit.

The sign in the exponent is produced. A plus\sign is produced if the exponent value is zero. The form
EBw.d must not be used if jexp| > 999.

m

kxamples:

Internal Value  Output field Using SS, ES12.3

6.421 6.421E+00
-5 -5.000E-01
.00217 2.170E-03

4721.3 4.721E+03

10.5.1.2.5 Complex editing

Al complex(datum consists of a pair of separate real data. The editing of a scalar datum of complex data
type is_specified by two edit descriptors each of which specifies the editing of real data. The firt of the
edlit descriptors specifies the real part; the second specifies the imaginary part. The two edit depcriptors
nTay be different. Control and character string edit descriptors may be processed between |the edit
descriptor for the real part and the edit descriptor for the imaginary part.

10.5.2 Logical editing

The Lw edit descriptor indicates that the field occupies w positions. The specified input/output list item
must be of type logical. The G edit descriptor also may be used to edit logical data (10.5.4.2).

The input field consists of optional blanks, optionally followed by a decimal point, followed by a T for
true or F for false. The T or F may be followed by additional characters in the field. Note that the
logical constants .TRUE. and .FALSE. are acceptable input forms. If a processor is capable of
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representin;
upper-case

g letters in both upper and lower case, a lower-case letter is equivalent to the corresponding
letter in a logical input field.

The output field consists of w - 1 blanks followed by a T or F, depending on whether the value of the

internal dat

um is true or false, respectively.

10.5.3 Character editing

The A[w] edit descriptor is used with an input/output list item of type character. The G edit descriptor

also may b
of one A
input/outp

If a field W

width w is

the corresp

Let len be

than or eqtal to len, the rightmost len characters will be taken from the input field. If\the specified field
width w i
internal ref

If the spec
blanks foll

less than {
representat|

Note that flor nondefault character types, the blank padding character is processor dependent.

10.5.4 Generalized editing

The Gw.d
These edit
consists of
are used to

10.54.1 G

When useq
descriptors
follows anj

10.54.1.1

When used
rules for th

10.54.1.2
The form 2

e used to edit character data (10.5.4.3). All characters transferred and converted under control

e —sdttr—deseri l l i e . -
it list.

fidth w is specified with the A edit descriptor, the field consists of w characters. If a\field
not specified with the A edit descriptor, the number of characters in the field is the-length of
onding list item, regardless of the value of the kind type parameter.

the length of the input/output list item. If the specified field width w for A(input is greater

less than len, the w characters will appear left-justified with len — w (trailing blanks in the
fresentation.

fied field width w for A output is greater than len, the output field will consist of w — len
bwed by the len characters from the internal representation. If\the specified field width w is
r equal to len, the output field will consist of the leftmostw characters from the internal
on.

and Gw.dEe edit descriptors are used with\an input/output list item of any intrinsic type.
descriptors indicate that the external field pccupies w positions, the fractional part of which
a maximum of d digits and the exponent part consists of ¢ digits. When these edit descriptors
specify the input/output of integer,-logical, or character data, d and e have no effect.

seneralized numeric editing

to specify the input/output)of integer, real, and complex data, the Gw.d and Gw.dEe edit
follow the general rules‘for numeric editing (10.5.1). Note that the Gw.dEe edit descriptor
; additional rules for-the' Ew.dEe edit descriptor.

Generalized/integer editing

to specify the input/output of integer data, the Gw.d and Gw.dEe edit descriptors follow the
e Iw edit{descriptor (10.5.1.1).

Generalized real and complex editing

1t £
mputTT

1

tho cam
€S—the-same

adlint foting ~f tl ial aorE editine (1065 1 2 1)
RoRterpreation—-ortne ter oFr—e& oo

o
Ty

The method of representation in the output field depends on the magnitude of the datum being edited.

Let N be

the magnitude of the internal datum. If 0 < N < 0.1 — 0.5X107 97! or N = 109 — 0.5,

Gw.d output editing is the same as kPEw.d output editing and Gw.dEe output editing is the same as

kPEw.dEe

output editing, where k is the scale factor (10.6.5.1) currently in effect. If

0.1 —0.5X10°9 1 < N < 109 — 0.5 or N is identically 0, the scale factor has no effect, and the value
of N determines the editing as follows:
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Magnitude of Datum Equivalent Conversion
N=0 Flw —n)(d —1), n('b’)
01-05%x1091<N<1-05%x10"1 F(w —n).d, n('b")

’

1-05X109< N <10 — 0.5%x1079+! Flw —n).(d —1), n(’b")
10 — 05X 109" < N <100 — 0.5X10°9*2  Fw —n).(d —2), n(’b")

1991 (E)

7

N <10 =05%X10" Fw—n)l, n(’

10974 — 0.5X 10~ b’)
N <104 — 0.5 F(w —n).0, n(’b")

10971 — 0.5 x 107}

<
<

wihere b is a blank. n is 4 for Gw.d and e + 2 for Gw.dEe.

Z

ote that the scale factor has no effect unless the magnitude of the datum to be 'edited is ou
rqnge that permits effective use of F editing.

10.5.4.2 Generalized logical editing

riiles for the Lw edit descriptor (10.5.2).

10.5.4.3 Generalized character editing

side the

When used to specify the input/output of logical data, the Gw.d and Gw'dEe edit descriptors follow the

hen used to specify the input/output of character data, the Gw.d and Gw.dEe edit descriptors follow

the rules for the Aw edit descriptor (10.5.3).

10.6 Control edit descriptors

fl control edit descriptor does not cause the-transfer of data nor the conversion of data to
ternal representation, but may affect the ‘conversions performed by subsequent data edit descrip

—

D.6.1 Position editing

he T, TL, TR, and X edit desctiptors specify the position at which the next character will be tra
or from the record. If cany character skipped by a T, TL, TR, or X edit descriptor is
bndefault character, the result of that position editing is processor dependent.

he position specified-by a T edit descriptor may be in either direction from the current posit
put, this allows portions of a record to be processed more than once, possibly with different edi

Bed 2 o= o =

he position specified by an X edit descriptor is forward from the current position. On input, a
yond the tast character of the record may be specified if no characters are transmitted fr
sitions.“Note that an nX edit descriptor has the same effect as a TRn edit descriptor.

thefefore does not by itself affect the length of the record. If characters are transmitted to positi

filled are filled with blanks. The re,sult {s as ;f the entire record we,re initially filled with blanks.

or from
ors.

nsmitted
of type

on. On
ting.

position
bm such

n output, a T, TL, TR, or X edit descriptor does not by itself cause characters to be transmitted and

bns at or
reviously

On output, a character in the record may be replaced. However, a T, TL, TR, or X edit descriptor never

directly causes a character already placed in the record to be replaced. Such edit descriptors m
in positioning such that subsequent editing causes a replacement.

ay result
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10.6.1.1 T, TL, and TR editing

The left tab limit affects file positioning by the T and TL edit descriptors. Immediately prior to data
transfer, the left tab limit becomes defined as the character position of the current record. If, during data
transfer, the file is positioned to another record, the left tab limit becomes defined as character position
one of that record.

The Tn edit descriptor indicates that the transmission of the next character to or from a record is to occur
at the nth character position of the record, relative to the left tab limit.

The TLn edit descriptor indicates that the transmission of the next character to or from the record is to

occur at thepcharacter position wrcharacters backward from the current position.—However, it 7 s greater ]

than the difference between the current position and the left tab limit, the TLn edit descriptor indicates
that the transmission of the next character to or from the record is to occur at the left tab limit.

The TRn efit descriptor indicates that the transmission of the next character to or from the record is to
occur at the character position n characters forward from the current position.

Note that f§ must be specified and must be greater than zero.

editing

The slash efit descriptor indicates the end of data transfer to or from the current record.

rom a file connected for sequential access, the remaining portion of the current record is
the file is positioned at the beginning of the-next record. This record becomes the current

On input

positioned at the beginning of this new record.

For a file cpnnected for direct access, the record-number is increased by one and the file is positioned at
the beginning of the record that has that-record number, if there is such a record, and this record
becomes thp current record.

Note that a record that contains no ¢haracters may be written on output. If the file is an internal file or a
file connecfled for direct access, the\record is filled with blank characters. Note also that an entire record
may be skipped on input. The-tepeat specification is optional on the slash edit descriptor. If it is not
specified, the default value is-one.

10.6.3 Cqlon editing

The colon| edit descfiptor terminates format control if there are no more effective items in the
input/output list\{9.4.2). The colon edit descriptor has no effect if there are more effective items in the
input/outppt’list.

10.6.4 §, SP, and $S editing

The S, SP, and SS edit descriptors may be used to control optional plus characters in numeric output
fields. At the beginning of execution of each formatted output statement, the processor has the option of
producing a plus in numeric output fields. If an SP edit descriptor is encountered in a format
specification, the processor must produce a plus in any subsequent position that normally contains an
optional plus. If an SS edit descriptor is encountered, the processor must not produce a plus in any
subsequent position that normally contains an optional plus. If an S edit descriptor is encountered, the
option of producing the plus is restored to the processor.
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The S, SP, and SS edit descriptors affect only I, F, E, EN, ES, D, and G editing during the execution of
an output statement. The S, SP, and SS edit descriptors have no effect during the execution of an input
statement.

10.65 P editing

The kP edit descriptor sets the value of the scale factor to k. The scale factor may affect the editing of
numeric quantities.

10.6.5.1 Scale factor

THe value of the scale factor is zero at the beginning of execution of each input/output statement. It
applies to all subsequently interpreted F, E, EN, ES, D, and G edit descriptors until a P edit-descriptor is
enfountered, and then a new scale factor is established. Note that reversion of format contrel (103) does
not affect the established scale factor.

THe scale factor k affects the appropriate editing in the following manner:

(1) On input, with F, E, EN, ES, D, and G editing (provided that no expenent exists in the field)
and F output editing, the scale factor effect is that the externally représented number eqpals the
internally represented number multiplied by 10*.

(2)  On input, with F, E, EN, ES, D, and G editing, the scale*factor has no effect if thege is an
exponent in the field.

(3)  On output, with E and D editing, the significand (4:3:1.2) part of the quantity to be produced
is multiplied by 10" and the exponent is reduced by k.

(4) On output, with G editing, the effect of the scale factor is suspended unless the magnjtude of
the datum to be edited is outside the range that permits the use of F editing. If the yse of E
editing is required, the scale factor has the same effect as with E output editing.

(5)  On output, with EN and ES editing,. the scale factor has no effect.

10.6.6 BN and BZ editing

The BN and BZ edit descriptors ma§ be used to specify the interpretation of blanks, other than [leading
blanks, in numeric input fields. ‘At the beginning of execution of each formatted input statement,
nanleading blank characters from\'a file connected by an OPEN statement are interpreted as zerog or are
igmored, depending on the value of the BLANK = specifier (9.3.4.6) currently in effect for the S[nit; an

infernal file is treated as.if the file had been opened with BLANK = 'NULL'. If a BN edit descijiptor is
enkountered in a format specification, all nonleading blank characters in succeeding numeric inpyt fields
arp ignored. The effect”of ignoring blanks is to treat the input field as if blanks had been remoyed, the
refaining portion of the field right-justified, and the blanks replaced as leading blanks. However| a field
coptaining only/blanks has the value zero. If a BZ edit descriptor is encountered in a|format
specification;~all nonleading blank characters in succeeding numeric input fields are treated as zeros.

The BN:and BZ edit descriptors affect only I, B, O, Z, F, E, EN, ES, D, and G editing during execution
of|an’input statement. They have no effect during execution of an output statement.

10.7 Character string edit descriptors

A character string edit descriptor must not be used on input.

10.7.1 Character constant edit descriptor

The character constant edit descriptor causes characters to be written from the enclosed characters of the
edit descriptor itself, including blanks. Note that a delimiter is either an apostrophe or quote.
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For a character constant edit descriptor, the width of the field is the number of characters contained in,
but not including, the delimiting characters. Within the field, two consecutive delimiting characters are
counted as a single character.

10.7.2 H editing

The cH edit descriptor causes character information to be written from the next ¢ characters (including blanks) following the H of
the cH edit descriptor in the format-item-list itself.

10.8 listrdirectedformatting

The charadters in one or more list-directed records constitute a sequence of values and value separatdrs.
The end of a record has the same effect as a blank character, unless it is within a character constant.
Any sequence of two or more consecutive blanks is treated as a single blank, unless it is Within a
character cpnstant.

Each valuelis either a null value or one of the forms:

c
r¥c
rk

where ¢ is|a literal constant or a nondelimited character constant and r is an-unsigned, nonzero, integer
literal conptant with no kind type parameter specified. The r*c form\is equivalent to r successive
appearancgs of the constant ¢, and the r* form is equivalent to r successivé appearances of the null value.
Neither of [these forms may contain embedded blanks, except where permitted within the constant c.

A value separator is one of the following:

(1) |A comma optionally preceded by one or more contiguous blanks and optionally followed by
one or more contiguous blanks,

(2) |A slash optionally preceded by one or more contiguous blanks and optionally followed by one
or more contiguous blanks, or

(3) [One or more contiguous blanks between two nonblank values or following the last nonblank
value, where a nonblank value is a-constant, an r*c form, or an r* form.

10.8.1 lidt-directed input

Input forms acceptable to edit descriptors for a given type are acceptable for list-directed formatting,
except as noted below. The fdérmiof the input value must be acceptable for the type of the next effective
item in thp list. Blanks aré never used as zeros, and embedded blanks are not permitted in constants,
except within character -tonstants and complex constants as specified below. Note that the end of a
record has| the effect of 4. blank, except when it appears within a character constant.

When the next efféctive item is of type integer, the value in the input record is interpreted as if an Iw edit
descriptor |with @suitable value of w were used.

When the |next effective item is of type real, the input form is that of a numeric input field. A numeric

input field 1s a field suitable for F editing (10.5.1.2.T) that is assumed to have no fractional digifs unless a
decimal point appears within the field.

When the next effective item is of type complex, the input form consists of a left parenthesis followed by
an ordered pair of numeric input fields separated by a comma, and followed by a right parenthesis. The
first numeric input field is the real part of the complex constant and the second is the imaginary part.
Each of the numeric input fields may be preceded or followed by blanks. The end of a record may occur
between the real part and the comma or between the comma and the imaginary part.

When the next effective item is of type logical, the input form must not include slashes, blanks, or
commas among the optional characters permitted for L editing.
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When the next effective item is of type character, the input form consists of a character literal constant of

the same kind as the effective list item. Character constants may be continued from the en
record to the beginning of the next record, but the end of record must not occur between a
apostrophe in an apostrophe-delimited constant, nor between a doubled quote in a quote-

d of one
doubled
delimited

constant. The end of the record does not cause a blank or any other character to become part of the
constant. The constant may be continued on as many records as needed. The characters blank, comma,

and slash may appear in default character constants.
If the next effective item is of type default character and:

(1) The character constant does not contain the value separators blank, comma, or slash,

and

(2) The character constant does not cross a record boundary, and
(3) The first nonblank character is not a quotation mark or an apostrophe, and
(4) The leading characters are not numeric followed by an asterisk,

the delimiting apostrophes or quotation marks are not required. If the delimiters are omi
character constant is terminated by the first blank, comma, slash, or end of record and apostro
guotation marks within the datum are not to be doubled.

Lkt len be the length of the next effective item, and let w be the length of-the character constant.
lgss than or equal to w, the leftmost len characters of the constant are* transmitted to the next
item. If len is greater than w, the constant is transmitted to the leftmest w characters of the next

ted, the
bhes and

if len is
effective
effective

m and the remaining len — w characters of the next effectivesitem are filled with blanks. Note| that the

atement (7.5.1.4).

—

0.8.1.1 Nuli values

>

null value is specified by:
(1) The r* form,

(2) No characters between consecutive value separators, or

list-directed input statement.

oes not specify a null valie/ A null value has no effect on the definition status of the next

—_

single null value may(zepresent an entire complex constant.

i
effect is as though the constant were assigned to the next/effective item in a character asgsignment
s

(3) No characters before the-first value separator in the first record read by each execufion of a

ote that the end of a record“following any other value separator, with or without separating blanks,

effective

em. A null value must.not be used for either the real or imaginary part of a complex constant, but a

slash encountered as a value separator during execution of a list-directed input statement causes
termination of lexecution of that input statement after the assignment of the previous valye. Any
characters remaining in the current record are ignored. If there are additional items in the inpuf list, the

effect is as‘if null values had been supplied for them. Any implied-DO variable in the input list i
though enough null values had been supplied for any remaining input list items.

5 defined

Ste) that all blanks in a list-directed input record are considered to be part of some value geparator

except tor the tollowing:
(1) Blanks embedded in a character constant

(2) Embedded blanks surrounding the real or imaginary part of a complex constant

(3) Leading blanks in the first record read by each execution of a list-directed input statement,

unless immediately followed by a slash or comma
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10.8.1.2 List-directed input example

INTEGER I; REAL X (8); CHARACTER (11) P;
COMPLEX Z; LOGICAL G

READ *, I, X, P, Z, G

The input data records are:
12345,12345, ,2%1.5, 4%

ISN'T_BOB[S, (123,07, . TEXASS

The results jare:

Variable Value

I 12345

X (1) 12345.0

X (2) unchanged

X (3) 1.5

X (4) 1.5

X {5) - X (8 unchanged

P ISN'T_BOB'S
Z (123.0,0.0)

G true

10.8.2 List-directed output

The form off the values produced is the same as that required‘for input, except as noted otherwise. With
the exceptipn of adjacent nondelimited character constarts, the values are separated by one or more
blanks or By a comma optionally preceded by one_or, more blanks and optionally followed by one or
more blank

"2

The procesfor may begin new records as necessary, but, except for complex constants and character
constants, the end of a record must not occur’ within a constant and blanks must not appear within a
constant.

Logical output constants are T for the value true and F for the value false.

Integer output constants are prodiced with the effect of an lw edit descriptor.

Real constants are produced-with the effect of either an F edit descriptor or an E edit descriptor,
depending ¢n the magnitude x of the value and a range 109 < x < 10%2, where d 1 and d, are processor-
dependent jntegers. If_the magnitude x is within this range, the constant is produced using OPFw.d;
otherwise, 1PEw.dEe(is used.

For numeric output, reasonable processor-dependent values of w, d, and e are used for each of the
numeric constants output.

Complex constants are enclosed in parentheses with a comma separating the real and imaginary parts,
each produced as defined above for real constants. The end of a record may occur between the comma
and the imaginary part only if the entire constant is as long as, or longer than, an entire record. The
only embedded blanks permitted within a complex constant are between the comma and the end of a
record and one blank at the beginning of the next record.

Character constants produced for an internal file, or for a file opened without a DELIM=specifier
(9.3.4.9) or with a DELIM = specifier with a value of NONE:

(1) Are not delimited by apostrophes or quotation marks,
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(2) Are not separated from each other by value separators,

(3) Have each internal apostrophe or quotation mark represented externally by one apostrophe or

quotation mark, and

(4) Have a blank character inserted by the processor for carriage control at the beginning of any
record that begins with the continuation of a character constant from the preceding record.

Character constants produced for a file opened with a DELIM = specifier with a value of QUOTE are
delimited by quotes, possibly are preceded by a kind-param and an underscore, are preceded and
followed by a value separator, and have each internal quote represented on the external medium by two
cqmtiga 5

C

m

If

S]

haracter constants produced for a file opened with a DELIM = specifier with a value of APOST

are delimited by apostrophes, possibly are preceded by a kind-param and an underscore). are p
and followed by a value separator, and have each internal apostrophe represented-oh the

pdium by two contiguous apostrophes.

two or more successive values in an output record have identical values, the(processor has th¢

of producing a repeated constant of the form r*c instead of the sequence of ideritical values.

Except for continuation of delimited character constants, each output record begins with a blank ¢
to| provide carriage control when the record is printed.

11).9 Namelist formatting
T

e characters in one or more namelist records constitute a sequence of name-value subsequences,
hich consists of an object name or a subobject designator followed by an equals and followed by
pre values and value separators. The equals may, optionally be preceded or followed by one

cdntiguous blanks. The end of a record has thesame effect as a blank character, unless it is ¥
cHaracter constant. Any sequence of two or more consecutive blanks is treated as a single blank,

within a character constant.

The name may be any name in the namelist-group-object-list (5.4).

Edch value is either a null value (10.971.4) or one of the forms:

w

f

c
r¥c
rk

parameter specified,~The r*c form is equivalent to r successive appearances of the constant ¢, an

m is equivalent'to r successive null values. Neither of these forms may contain embedded

except where permitted within the constant c.

A|value_Separator for namelist formatting is the same as for list-directed formatting (10.8).

1

lashes, as value separators, and null values are not produced as output by.list-directed formatting.

ROPHE
receded
external

option

haracter

each of
r one or
br more
vithin a
inless it

here c is a literal-constant and r is an unsigned, nonzero, integer literal constant with no kind type

l the r*
blanks,

.91 Namelist input

Input for a namelist input statement consists of:

(1) Optional blanks,

(2) The character & followed immediately by the namelist-group-name specified in the
input statement,

(3) One or more blanks,

namelist

(4) A sequence of zero or more name-value subsequences separated by value separators, and
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(5) A slash to terminate the namelist input statement.

In each name-value subsequence, the name must be the name of a namelist group object list item with an
optional qualification and the name with the optional qualification must not be a zero-sized array, a
zero-sized array section, or a zero-length character string.

If a processor is capable of representing letters in both upper and lower case, a group name or object
name is without regard to case.

10.9.1.1 Namelist group object names

Within the [nput data, each name must correspond to a specific namelist group oObject name. SUDSCTIPTS,
strides, and substring range expressions used to qualify group object names must be optionally signed
integer literpl constants with no kind type parameters specified. If a namelist group object is an array,
the input record corresponding to it may contain either the array name or the designator of a subebject of
that array, |using the syntax of subobject designators (R602). If the namelist group object name is the
name of a Variable of derived type, the name in the input record may be either the name of‘the variable
or the desjgnator of one of its components, indicated by qualifying the variable, hame with the
appropriate component name. Successive qualifications may be applied as appropriate o the shape and
type of the [variable represented.

The order pf names in the input records need not match the order of the namelist group object items.
The input fecords need not contain all the names of the namelist group objject items. The definition
status of ahy names from the namelist-group-object-list that do not occur{in the input record remains
unchanged| The name in the input record may be preceded and followed by one or more optional blanks
but must npt contain embedded blanks.

10.9.1.2 Namelist input values

The datum c is any input value acceptable to format specifications for a given type, except for a
restriction ¢n the form of input values corresponding to list items of types logical and integer as specified
in 10.9.1.3] The form of the input value must be acceptable for the type of the namelist group object list
item. The humber and forms of the input values that:may follow the equals in a name-value subsequence
depend on the shape and type of the object represented by the name in the input record. When the name
in the input record is that of a scalar variable of an intrinsic type, the equals must not be followed by
more than| one value. Blanks are never used as zeros, and embedded blanks are not permitted in
constants ekcept within character constants'and complex constants as specified in 10.9.1.3.

The name-value subsequences are evaludted serially, in left-to-right order. A namelist group object name
or subobjeqt designator may appear,in more than one name-value sequence.

When the game in the input récord represents an array variable or a variable of derived type, the effect is
as if the vdriable represented ‘were expanded into a sequence of scalar list items of intrinsic data types, in
the same way that formatted input/output list items are expanded (9.4.2). Each input value following the
equals mugt then be-acceptable to format specifications for the intrinsic type of the list item in the
corresponding position in the expanded sequence, except as noted in 10.9.1.3. The number of values
following the eqiials must not exceed the number of list items in the expanded sequence, but may be less;

array of size 100, at most 100 values, each of which is either a digit string or a null value, may follow the
equals; these values would then be assigned to the elements of the array in array element order.

A slash encountered as a value separator during the execution of a namelist input statement causes
termination of execution of that input statement after assignment of the previous value. If there are
additional items in the namelist group object being transferred, the effect is as if null values had been
supplied for them.

Successive namelist records are read by namelist input until a slash is encountered; the remainder of the
record is ignored.
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10.9.1.3 Namelist group object list items

When the next effective namelist group object list item is of type real, the input form of the input value is
that of a numeric input field. A numeric input field is a field suitable for F editing (10.5.1.2.1) that is
assumed to have no fractional digits unless a decimal point appears within the field.

When the next effective item is of type complex, the input form of the input value consists of a left
parenthesis followed by an ordered pair of numeric input fields separated by a comma and followed by a
right parenthesis. The first numeric input field is the real part of the complex constant and the second
part is the imaginary part. Each of the numeric input fields may be preceded or followed by blanks. The
epe—o c ecoFa—md O e 2EH e ea e A een g 2 and the
aginary part.

hen the next effective item is of type logical, the input form of the input value must notjincludgq slashes,
blanks, or commas among the optional characters permitted for L editing (10.5.2).

hen the next effective item is of type integer, the value in the input record is interpreted as if af lw edit
descriptor with a suitable value of w were used.

hen the next effective item is of type character, the input form consists of \a.cHaracter literal constant of
the same kind as the corresponding list item. Character constants may b€ continued from the end of one
récord to the beginning of the next record, but the end of record must’ not occur between a|doubled
bostrophe in an apostrophe-delimited constant, nor between a doubled quote in a quote-delimited
bnstant. The end of the record does not cause a blank or any_other character to become part of the
bnstant. The constant may be continued on as many records.as/needed. The characters blank, |comma,
hd slash may appear in character constants.

C

dss than or equal to w, the leftmost len characters.of<the constant are transmitted to the next pffective
m. If len is greater than w, the constant is transmitted to the leftmost w characters of the next pffective
m and the remaining len — w characters of the'next effective item are filled with blanks. Note|that the
fect is as though the constant were assigned to the next effective item in a character asgignment
atement (7.5.1.4).

C
a
1

e

a
Lkt len be the length of the next effective item, and let w'be the length of the character constant. |If len is
i
i
s

0.9.1.4 Null values

A null value is specified by:

(1) The r* form,

(2) Blanks between two consecutive value separators following an equals,

(3) Zero or more blanks preceding the first value separator and following an equals, or

{4) Two_€onsecutive nonblank value separators.

n ™S

null valuethas no effect on the definition status of the corresponding input list item. If the [namelist
roup object)list item is defined, it retains its previous value; if it is undefined, it remains undefiined. A
11 value must not be used as either the real or imaginary part of a complex constant, but a sipgle null
lue\may represent an entire complex constant.

fo,0]

does not

specify a null value.

10.9.1.5 Blanks

All blanks in a namelist input record are considered to be part of some value separator except for:
(1) Blanks embedded in a character constant,

(2) Embedded blanks surrounding the real or imaginary part of a complex constant,
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(3) Leading blanks following the equals unless followed immediately by a slash or comma, and

(4) Blanks between a name and the following equals.

10.9.1.6 Namelist input example

INTEGER I; REAL X (8); CHARACTER (11) P; COMPLEX Z;
LOGICAL G

NAMELIST / TODAY / G, I, P, Z, X

READ (*, NML = TODAY)

The input dfta records are:

&TODAY I F 12345, X(1) = 12345, X(3:4) = 2%1.5, I=6,
P = "ISN'T_BOB'S'", Z = (123,0)/

The results $tored are:

Variable Value

I 6

X (1) 12345.0

X (2) unchanged

X (3) 1.5

X (4) 1.5

X (5) - X (8) unchanged

P ISN'T_BOB'S
Z (123.0,0.0)

G unchanged

10.9.2 Namelist output

The form df the output produced is the same as that’required for input, except for the forms of real,
character, dnd logical constants. If the processoriis capable of representing letters in both upper and
lower case,| the name in the output is in upper case. With the exception of adjacent nondelimited
character cqnstants, the values are separated by one or more blanks or by a comma optionally preceded
by one or nLore blanks and optionally followed by one or more blanks.

The procesfor may begin new records as necessary. However, except for complex constants and
character cdnstants, the end of a record must not occur within a constant or a name, and blanks must not
appear within a constant or a name.

10.9.2.1 Njamelist output editing
Logical output constants’are T for the value true and F for the value false.

Integer output constants are produced with the effect of an Iw edit descriptor.

Real constdnts are produced with the effect of either an F edit descriptor or an E edit descriptor,
dependingla—ehe—mgﬁm%&%mwwm dy and d, are

processor-dependent integers. If the magnitude x is within this range, the constant is produced using
OPFw.d; otherwise, 1PEw.dEe is used.

For numeric output, reasonable processor-dependent integer values of w, d, and e are used for each of the
numeric constants output.

Complex constants are enclosed in parentheses with a comma separating the real and imaginary parts,
each produced as defined above for real constants. The end of a record may occur between the comma
and the imaginary part only if the entire constant is as long as, or longer than, an entire record. The
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only embedded blanks permitted within a complex constant are between the comma and the end of a

record and one blank at the beginning of the next record.

Character constants produced for a file opened without a DELIM = specifier (9.3.4.9) or with a DELIM =

specifier with a value of NONE:
(1) Are not delimited by apostrophes or quotation marks,

(2)  Are not separated from each other by value separators,

(3) Have each internal apostrophe or quotation mark represented externally by one apostrophe or

auotation mark and
Cas —Rark—aRd

(4) Have a blank character inserted by the processor for carriage control at the begifning of any
record that begins with the continuation of a character constant from the preceding’ record.

Character constants produced for a file opened with a DELIM = specifier with a value’of QUQTE are

delimited by quotes, possibly are preceded by a kind-param and an underscoré) are prece

ded and

fdllowed by a value separator, and have each internal quote represented on thesexternal medium| by two

contiguous quotes.

Character constants produced for a file opened with a DELIM = specifier with a value of APOSTROPHE
afe delimited by apostrophes, possibly are preceded by a kind-param~and an underscore, are preceded

and followed by a value separator, and have each internal apostrophe represented on the
dium by two contiguous apostrophes.

.9.2.2 Namelist output records

external

If| two or more successive values in an array in an output record produced have identical va!l:xes, the

processor has the option of producing a repeated constant of the form r¥c instead of the seq
identical values.

ence of

The name of each namelist group object list item'ds placed in the output record followed by an eqpals and

a [list of values of the namelist group object list item.

ampersand character followed immediately by a namelist-group-name will be produced by
fdrmatting at the start of the first output record to indicate which specific group of data objects

Al null value is not produced by-namelist formatting.

tq provide carriage contfol when the record is printed.

tput. A slash is produced by namelist formatting to indicate the end of the namelist formatting

namelist
is being

Except for continuation of delimited character constants, each output record begins with a blank character
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Section 11 Program units

The terms and basic concepts of program units were introduced in 2.2. A program unit is a main
program, an external subprogram, a module, or a block data program unit.

This section describes all of these program units except external subprograms, which are described in
Section 12.

11.1 Main program

A main prégram is a program unit that does not contain a SUBROUTINE, FUNCTION, MODULE,~or

BLOCK DATA statement as its first statement.

R1101 mafn-program is [ program-stmt |

[ specification-part |

[ execution-part |

| internal-subprogram-part |
end-program-stmt

R1102 prggram-stmt is PROGRAM program-name

R1103 end-program-stmt is END [ PROGRAM [ program-name"] |

Constraint:] In a main-program, the execution-part must not containja RETURN statement or an ENTRY
statement.

Constraint{ The program-name may be included in the end-program-stmt only if the optional program-
stmt is used and, if included, must be identical to the program-name specified in the
program-stmt.

Constraint{ An automatic object must not appear inthe specification-part (R204) of a main program.

The program name is global to the executable program, and must not be the same as the name of any

other prog

fam unit, external procedure, or common block in the executable program, nor the same as

any local name in the main program.

An exampl

PROGRAM
REAL

b of a main program is:

ALYSE
!

. B, C (10,10
IND

Specification part
CALL F Execution part
CONTAINS

SUBROU

TINE FIND

Internal procedure

BROUT INE\.F IND
END PROGRAM ANALYSE

11.1.1 Ma

The specifications in the scoping unit of the main program must not include an OPTIONAL statement, an
INTENT statement, a PUBLIC statement, a PRIVATE statement, or their equivalent attributes (5.1.2). A
SAVE statement has no effect in a main program.

11.1.2 Main program executable part

The sequence of execution-part statements specifies the actions of the main program during program
execution. Execution of an executable program (R201) begins with the first executable construct of the
main program.
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A main program must not be recursive; that is, a reference to it must not appear in any program unit in
the executable program, including itself.

Execution of an executable program ends with execution of the end-program-stmt of the main program or
with execution of a STOP statement in any program unit of the executable program.
11.1.3 Main program internal procedures

Any definitions of internal procedures in the main program must follow the CONTAINS statement.
Internal procedures are described in 12.1.2.2. The main program is called the host of its internal

]
p ULCTUUITH.

—

.2 External subprograms

m

kternal subprograms are described in Section 12.

11.3 Modules
A module contains specifications and definitions that are to be accessible t¢ other program units.
Rl1104 module is module-stmt
[ specification-part |
[ module-subprogram=part |
end-module-stmt
R[1105 module-stmt is MODULE module-riame
R1106 end-module-stmt is END [ MODULE | module-name | ]

(onstraint: If the module-name is specified in the end-module-stmt, it must be identical to the [module-
name specified in the module-stmt,

Jonstraint: A module specification-part_must not contain a stmt-function-stmt, an entry-strqt, or a
format-stmt.

onstraint: An automatic object must not appear in the specification-part (R204) of a module.

he module name is global to the-executable program, and must not be the same as the nam¢ of any
ther program unit, external procedure, or common block in the executable program, nor be the|same as
hy local name in the moddle:

ote that although statement function definitions, ENTRY statements, and FORMAT statements must not
bpear in the specification part of a module, they may appear in the specification part of a| module
ubprogram contained in the module.

O O 4 N

(%]

Z

ote that a smodule is host to any module procedures (12.1.2.2) it contains, and that entitigs in the
odule aré_therefore accessible in the module procedures through host association.

11.3. 1 Module reference

F me—a—module—reterence is
A module must not reference

processed, the public portions of the specified module must be available.
itself, either directly or indirectly.

The accessibility, public or private, of specifications and definitions in a module to a scoping unit making
reference to the module may be controlled in both the module and the scoping unit making the reference.
In the module, the PRIVATE statement, the PUBLIC statement (5.2.3), their equivalent attributes
(5.1.2.2), and the PRIVATE statement in a derived-type definition (4.4.1) are used to control the
accessibility of module entities outside the module.
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In a scoping unit making reference to a module, the ONLY option on the USE statement may be used to
further limit the accessibility, in that referencing scoping unit, of the public entities in the module.

11.3.2 The USE statement and use association

The USE statement provides the means by which a scoping unit accesses named data objects, derived
types, interface blocks, procedures, generic identifiers (12.3.2.1), and namelist groups in a module. The
entities in the scoping unit are said to be use associated with the entities in the module. The accessed

entities have the attributes specified in the module.

R1107 use

_sitmt

R1108 re

npme
R1109 onl[/

is TISE module-name | _rename-list ]

or USE module-name , ONLY : [ only-list }
is local-name = > use-name

is access-id
or [ local-name = > | use-name

Constraint:| Each access-id must be a public entity in the module.

Constraint:| Each use-name must be the name of a public entity in the module.

If a local-name appears in a rename-list or an only-list, it is the local name for“the entity specified by
use-name; dtherwise, the local name is the use-name.

The USE dtatement without the ONLY option provides access to all public entities in the specified
module.

A USE statement with the ONLY option provides access only to those entities that appear as access-ids or
use-names in the only-list.

More than|one USE statement for a given module may appear in a scoping unit. If one of the USE
statements s without an ONLY qualifier, all public entities~in the module are accessible and the rename-
lists and ole—lists are interpreted as a single concatenated rename-list. If all the USE statements have
ONLY qualifiers, only those entities named in one or(nore of the only-lists are accessible, that is, all the
only-lists afe interpreted as a single concatenated only-list.

If two or more generic interfaces that are accessible in a scoping unit have the same name, the same
operator, dr are both assignments, they are interpreted as a single generic interface. Two or more
accessible entities, other than generic interfaces, may have the same name only if no entity is referenced

by this name in the scoping unit. Except for these cases, the local name of any entity given accessibility

by a USE
through U§
name.

The local 1
statement t
contains th
unit of a

EQUIVALE

tatement must differ from-the local names of all other entities accessible to the scoping unit
E statements and otherwise. Note that an entity may be accessed by more than one local

ame of an entity made accessible by a USE statement may appear in no other specification
hat would cause any attribute (5.1.2) of the entity to be respecified in the scoping unit that
> USE statement, except that it may appear in a PUBLIC or PRIVATE statement in the scoping
module.™ Note that this prohibits the local name from appearing in COMMON and
INCE_ specifications, but permits the appearance of local names in namelist group lists. The

appearance

of such a local name in a PUBLIC statement in a module causes the entity accessible by the

USE statement to be a public entity of that module. If the name appears in a PRIVATE statement in a
module, the entity is not a public entity of that module. If the local name does not appear in either a

PUBLIC or
Examples:
USE STATS

provides ac

158

PRIVATE statement, it assumes the default accessibility attribute (5.2.3) of that scoping unit.

-LIB

cess to all public entities in the module STATS_LIB.
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USE MATH_LIB; USE STATS_LIB, SPROD => PROD

makes all public entities in both MATH_LIB and STATS_LIB accessible. If MATH_LIB contains an
entity called PROD, it is accessible by its own name while the entity PROD of STATS_LIB is accessible
by the name SPROD.

USE STATS_LIB, ONLY: YPROD; USE STATS_LIB, ONLY : PROD
makes public entities YPROD and PROD in STATS_LIB accessible.
USE STATS_LIB, ONLY : YPROD; USE STATS_LIB

makes all public entities in STATS_LIB accessible.

11]3.3 Examples of the use of modules

1113.3.1 Identical common blocks

A |common block and all its associated specification statements may be placed (ih, a module named, for
expmple, MY_COMMON and accessed by a USE statement of the form

UYE MY_COMMON
that accesses the whole module without any renaming. This ensures:that all instances of the common
blpck are identical. Module MY_COMMON could contain more than-one common block.
11{3.3.2 Global data

A |module may contain only data objects, for example:

MQDULE DATA_MODULE

SAVE

REAL A (100, B, C (20,20)
INTEGER :: I=0

INTEGER, PARAMETER :: J=10
COMPLEX D (J,J)

END MODULE

Note that data objects made global'in this manner may have any combination of data types.
Adcess to some of these may be)made by a USE statement with the ONLY option, such as:
UYE DATA_MODULE, ONLY< X, B, D

and access to all of them’ may be made by the following USE statement:

USE DATA_MODULE

Adcess to all.ofthem with some renaming to avoid name conflicts may be made by:

UYE DATA-MODULE, AMODULE => A, DMODULE => D

11{3.3:3 Derived types

A derived type may be defined in a module and accessed in a number of program units. For example:

MODULE SPARSE
TYPE NONZERO
REAL A
INTEGER I, J
END TYPE
END MODULE
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defines a type consisting of a real component and two integer components for holding the numerical value
of a nonzero matrix element and its row and column indices.

11.3.3.4 Global allocatable arrays

Many programs need large global allocatable arrays whose sizes are not known before program
execution. A simple form for such a program is:

PROGRAM GLOBAL_WORK
CALL CONFIGURE_ARRAYS | Perform the appropriate allocations
CALL ! i i

END PROGRAM GLOBAL_WORK
RK_ARRAYS I An example set of work arrays

REAL, |[ALLOCATABLE, SAVE :: A (), B (:, ), C (:, :, o)

SUBROUTINE CONFIGURE_ARRAYS | Process to set up work arrays

INE CONFIGURE_ARRAYS

SUBROUTINE COMPUTE

USE WORK_ARRAYS
Computations involving arrays A, B, and €
END SUBRQUTINE COMPUTE

Typically, [many subprograms need access to the work arrays, and all such subprograms would contain
the statement

USE WORKJARRAYS

11.3.3.5 Procedure libraries

Interface blocks for external proceduresin‘a library may be gathered into a module. This permits the use
of argument keywords and optional- arguments, and allows static checking of the references. Different

versions may be constructed for 'different applications, using keywords in common use in each
applicatior|. An example is the-following library module:

MODULE LIBRARY_LLS

INTERRACE

SUBROUTINE LLS-(X, A, F, FLAG)

REAL X3, 2)
I The.SIZE in the next statement is an intrinsic function
REAL, DIMENSION (SIZE (X, 2)) :: A, F
INTEGER FLAG
END SUBROUTINE LLS

END INTERFACE

END MODULE LIBRARY_LLS

160



https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

This module allows the subroutine LLS to be invoked:

USE LIBRARY_LLS

CALL LLS (X = ABC, A =D, F = XX, FLAG = IFLAG)

11.3.3.6 Operator extensions

In order to extend an intrinsic operator symbol to have an additional meaning, an interface block

MATRIX or interval arithmetic addition for type INTERVAL.

.3.3.7 Data abstraction

>

hlues of this type. An example is given in C.11.5 for set operations.

<

.3.3.8 Public entities renamed

dken if the referenced modules also contain USE statements.

-~

The following example illustrates renaming features of the USE statement.

DULE J; REAL JX, JY, JZ; END MODULE
DULE K

USE J, ONLY : KX => JX, KY = JY

I KX and KY are local names to module K

REAL KZ I KZ is local name to module K
REAL JZ I JZ is locat name to module K
END MODULE

PROGRAM RENAME

USE J; USE K

! Module J's entity JX is accessible under names JX and KX

| Module J's, entity JY is accessible under names JY and KY

I Module K!s\entity KZ is accessible under name KZ

| Modute Y8 entity JZ and K's entity JZ are different entities
I and must not be referenced

END PROGRAM RENAME

Alt times it may be necessary to rename entities that are accéssed with USE statements.

Al module might contain several such interface blocks. An operator may be defined by an
fynction (either in Fortran or some other language) and its procedure interface placéd in the modulle.

Care

specifying that operator symbol in the OPERATOR option of the INTERFACE statement may be placed

il a module. For example, // may be extended to perform concatenation of two derived-typg objects
sqrving as varying length character strings and + may be extended to specify matrix addition

for type

external

module may encapsulate a derived-type definition and all the procedures’ that represent operations on

must be

11.4 Block data program units

A block data program unit is used to provide initial values for data objects in named common blocks.

R1110 block-data is block-data-stmt
[ specification-part |
end-block-data-stmt

R1111 block-data-stmt is BLOCK DATA [ block-data-name |
R1112 end-block-data-stmt is END [ BLOCK DATA [ block-data-name ] |

161


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

Constraint:

Constraint:

Constraint:

If an object
block storag
common bl

Only a non
unit. Note
common bl

The same n
executable g

There must
An exampld

BLOCK DAT
COMMON
DATA A

END BLOCK

The block-data-name may be included in the end-block-data-stmt only if it was provided in
the block-data-stmt and, if included, must be identical to the block-data-name in the block-
data-stmt.

A block-data specification-part may contain only USE statements, type declaration
statements, IMPLICIT statements, PARAMETER statements, derived-type definitions, and
the following specification statements: COMMON, DATA, DIMENSION, EQUIVALENCE,
INTRINSIC, POINTER, SAVE, and TARGET.

A type .declaration statement in a block-data specification-part must not contain
—ALLOCATABLE, _EXTERNAL _INTENT OPTIONAL PRIVATE or PUBLIC attribute
specifiers.

in a named common block is initially defined, all objects having storage units in the common
e sequence must be specified even if they are not all initially defined. More than one named
ck may have objects initially defined in a single block data program unit.

pointer object in a named common block may be initially defined in a block~data program
that objects associated with an object in a common block are consideréd to be in that
hek.

amed common block must not be specified in more than one block data program unit in an
rogram.

not be more than one unnamed block data program unit in an-executable program.

of a block data program unit is:

A\ WORK

/WRKCOM/ A, B, C (10, 100
/1.0/, 8 /2.0/, C /100 = 0.0/
DATA WORK
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Section 12 : Procedures

The concept of a procedure was introduced in 2.2.3. This section contains a complete description of
procedures. The actions specified by a procedure are performed when the procedure is invoked by
execution of a reference to it. The reference may identify, as actual arguments, entities that are
associated during execution of the procedure reference with corresponding dummy arguments in the
procedure definition.

12.1 Procedure classifications

Al|procedure is classified according to the form of its reference and the way it is defined.

12.1.1 Procedure classification by reference

The definition of a procedure specifies it to be a function or a subroutine. /A-reference to a function
either appears explicitly as a primary within an expression, or is implied by a defined operation wjithin an
expression. A reference to a subroutine is a CALL statement or a defined-assignment statement (7]5.1.3).

A|procedure is classified as elemental if it is an intrinsic procedure that may be referenced elementally
(1p.4.3, 12.4.5).

12.1.2 Procedure classification by means of definition
Al procedure is either an intrinsic procedure, an external-procedure, a module procedure, an [internal
procedure, a dummy procedure, or a statement function
12.1.2.1 Intrinsic procedures

Alprocedure that is provided as an inherent part of the processor is an intrinsic procedure.

12.1.2.2 External, internal, and module procedures

An external procedure is a procedure-that is defined by an external subprogram or by a means other than
Fdrtran.

An internal procedure is a procedure that is defined by an internal subprogram. Internal procedufes may
agpear in the main program;-in an external subprogram, or in a module subprogram. Internal prqcedures
mpist not appear in other/internal procedures. Internal procedures are the same as external prgcedures
except that the name of the internal procedure is not a global entity, an internal procedure must not
contain an ENTRY) statement, the internal procedure name must not be argument associated| with a
dymmy procedusre (12.4.1.2), and the internal procedure has access to host entities by host associalion.

A|module procedure is a procedure that is defined by a module subprogram.

If|a subprogram contains one or more ENTRY statements, it defines a procedure for each [ENTRY
statément and a procedure for the SUBROUTINE or FUNCTION statement.

12.1.2.2.1 Host association

An internal subprogram, a module subprogram, or a derived-type definition has access to the named
entities from its host via host association. The accessed entities are known by the same name and have
the same attributes as in the host and are variables, constants, procedures including interfaces, derived
types, type parameters, derived-type components, and namelist groups.

If an entity that is accessed by use association has the same nongeneric name as a host entity, the host
entity is inaccessible. A name that appears in the scoping unit as an external-name in an external-stmt is
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a global name and any entity of the host that has this as its nongeneric name is inaccessible. A name that

appears in

@

the scoping unit as

A type-name in a derived-type-stmt;

(2) A function-name in a function-stmt, in a stmt-function-stmt, or in an entity-decl in a type-
declaration-stmt;

(3) A subroutine-name in a subroutine-stmt;

(4) An entry-name in an entry-stmt;

(5)
br in a target-stmt;

(6) W named-constant in a named-constant-def in a parameter-stmt;

(7)  WAn array-name in an allocatable-stmt or in a dimension-stmt;

(8) A variable-name in a common-block-object in a common-stmt;

(9) [The name of a variable that is wholly or partially initialized in a data-stmt;

(10) [The name of an object that is wholly or partially equivalenced in an equivalence-stmt;

(11) |A dummy-arg-name in a function-stmt, in a subroutine-stmt, in arkentry-stmt, or in a stmt-
function-stmt;

(12) |A result-name in a function-stmt or in an entry-stmt;

(13) |An intrinsic-procedure-name in an intrinsic-stmt;

(14) |A namelist-group-name in a namelist-stmt; or

(15) |A generic-name in a generic-spec in an interface-stmt

is the name of a local entity and any entity of the host that’has this as its nongeneric name is inaccessible.

Entities thd

If a host ¢
initialized
statement.

Note that
entities by

If a proceg
that is cur
association|

t are local (14.1.2) to a procedure are not accessible to its host.

ntity is inaccessible only because a local entity with the same name is wholly or partially
n a DATA statement, the local enfity 'must not be referenced or defined prior to the DATA

lan interface body does not-access the named entities by host association, but it may access

use association (11.3.2).

ure gains access to a (pointer by host association, the association of the pointer with a target
Fent at the time the procedure is invoked remains current within the procedure. This pointer
may be changed_within the procedure. When execution of the procedure completes, the

pointer asqociation that/was current remains current, except where the completion causes the target to

become un|
association

12.1.2.2.2

defined (item(4) of 14.7.6). In these cases, the completion of the procedure causes the pointer
status_of the host associated pointer to become undefined.

Host association and use association

A host pro

cedure and an internal procedure may contain the same and differing use-associated entities, as

illustrated in the following example.

MODULE B;
MODULE C;
MODULE D;
MODULE E;
MODULE F;
MODULE G;
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REAL BX,
REAL CX;
REAL DX,

Q; INTEGER IX, JX; END MODULE
END MODULE

DY, DZ; END MODULE

REAL EX, EY, EZ; END MODULE

REAL FX; END MODULE

USE F; REAL GX; END MODULE
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PROGRAM A
USE B; USE C; USE D
CONTAINS
SUBROUTINE INNER_PROC (Q)
USE C Not needed

USE B, ONLY: BX Entities accessible are BX, IX, and JX
if no other IX or JX

is accessible to INNER_PROC

Q is local to INNER_PROC,

since Q is a dummy argument

|
]
1
1
|
!

USE D, X => DX ! Entities accessible are DX, DY, and DZ
I
]
I
I
I
|
|

X is local name for DX in INNER._PROC

X and DX denote same entity if no other

entity DX is local to INNER_PROC

EX is accessible in INNER_PROC, not in program A
EY and EZ are not accessible in INNER_PROC

or in program A

FX and GX are accessible in INNERPROC

USE E, ONLY: EX

USE G

END SUBROUTINE INNER_PROC
BND PROGRAM A

Note: Because program A contains the statement
USE B
dil of the entities in module B, except for Q, are accessible in INNER_PROC, even though INNER_PROC

dontains the statement

YSE B, ONLY: BX

|

[he USE statement with the ONLY keyword 'means that this particular statement brings in only the entity
rlamed, not that this is the only variable from the module accessible in this scoping unit.

12.1.2.3 Dummy procedures

N

\ dummy argument that is"specified as a procedure or appears in a procedure reference is a dummy
pgrocedure.

12.1.2.4 Statemeni-functions

N

\ function that 4s'défined by a single statement is a statement function (12.5.4).

12.2 Characteristics of procedures

The characteristics of a procedure are the classification of the procedure as a function or subroltine, the
dharacteristics of its arguments, and the characteristics of its result value if it is a function.

12.2.1 Characteristics of dummy arguments

Each dummy argument is either a dummy data object, a dummy procedure, or an asterisk (alternate return
indicator). A dummy argument other than an asterisk may be specified to have the OPTIONAL attribute. This
attribute means that the dummy argument need not be associated with an actual argument for any
particular reference to the procedure.
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12.2.1.1 Characteristics of dummy data objects

The characteristics of a dummy data object are its type, its type parameters (if any), its shape, its intent
(5.1.2.3, 5.2.1), whether it is optional (5.1.2.6, 5.2.2), and whether it is a pointer (5.1.2.7, 5.2.7) or a
target (5.1.2.8, 5.2.8). If a type parameter of an object or a bound of an array is an expression that
depends on the value or attributes of another object, the exact dependence on other entities is a
characteristic. If a shape, size, or character length is assumed, it is a characteristic.

12.2.1.2 Characteristics of dummy procedures

The characteristics of a dummy procedure are the explicitness of its interface (12 3 1) its characteristics ag

a procedurq if the interface is explicit, and whether it is optional (5.1.2.6, 5.2.2).

12.2.1.3 Characteristics of asterisk dummy arguments

An asterisk as|a dummy argument has no characteristics.

12.2.2 Characteristics of function results

The characteristics of a function result are its type, type parameters (if any), rank;,~and whether it is a
pointer. [f[a function result is an array that is not a pointer, its shape is a characteristic. Where a type
parameter ¢r bound of an array is not a constant expression, the exact dependence on the entities in the
expression {s a characteristic. If the length of a character data object is assumed, this is a characteristic.

12.3 Procedure interface

The interfake of a procedure determines the forms of reference through which it may be invoked. The
interface cgnsists of the characteristics of the procedure, the~name of the procedure, the name and
characteristics of each dummy argument, and the procedure’s generic identifiers, if any. The
characteristiics of a procedure are fixed, but the remaindercof the interface may differ in different scoping
units.

12.3.1 Implicit and explicit intertfaces

If a procedyire is accessible in a scoping unit, its) interface is either explicit or implicit in that scoping unit.
The interfa¢e of an internal procedure, module procedure, or intrinsic procedure is always explicit in such
a scoping upit. The interface of a recursive subroutine or a recursive function with a separate result name
is explicit within the subprogram that defines it. The interface of a statement function is always implicit.
The interfafe of an external procedure or dummy procedure is explicit in a scoping unit other than its
own if an |nterface block (12,3.2,1) for the procedure is supplied or accessible, and implicit otherwise.
For examplg, the subroutine LES of 11.3.3.5 has an explicit interface.

12.3.1.1 Explicit interface
A procedure must have an explicit interface if any of the following is true:

(1) reference to the procedure appears:

t l(oyurr\rr] (17 4 1)

(b) As a defined assignment (subroutines only)
(c) In an expression as a defined operator (functions only)
(d) As a reference by its generic name (12.3.2.1)

(2) The procedure has:

(a) An optional dummy argument
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(b) An array-valued result (functions only)

(e)

A dummy argument that is an assumed-shape array, a pointer, or a target

functions only)

A result that is a pointer (functions only)

12.3.2 Specification of the procedure interface

SU

re

bd
pr]

12

.3.2.1 Procedure interface block

R1201 interface-block is interface-stmt

R1202 interface-stmt
R1203 end-interface-stmt

[ interface-body | ...
[ module-procedure-stmt | .
end-interface-stmt

is INTERFACE [ generic-spet(]
is END INTERFACE

R1204 interface-body is function-stmt

[ specificatidn-part |

end-function-stmt
or subroutinesstmt

| specification-part |

end-subroutine-stmt

R1205 module-procedure-stmt is (MODULE PROCEDURE procedure-name-list

R1206 generic-spec is generic-name

C

C

C
C

pnstraint:

bnstraint:

pnstraint:

pnstraint:

or OPERATOR ( defined-operator )
or ASSIGNMENT ( =)

991 (E)

A result whose length type parameter value is neither assumed nor constant (character

TW&W@WTION,
IBROUTINE, or ENTRY statement and by specification statements for the dummy arguments_pnd the

sult of a function. These statements may appear in the procedure definition, in an interfaceyblock, or in
th except that the ENTRY statement must not appear in an interface block. Note“that
ocedures must not appear in an interface block.

internal

An interface-body must not contain an entry-stmt, data-stmt, format-stmt, or stmt-

function-stmt.

The MODULE PROCEDURE specification is allowed only if the interface-block
generit-spec and has a host that is a module or accesses a module by use associatig
procedure-name must be the name of a module procedure that is accessible in the ho

An interface-block must not appear in a BLOCK DATA program unit.

An interface-block in a subprogram must not contain an interface-body for a pr
defined by that subprogram.

has a
n; each

-~

ocedure

An external or module subprogram definition specifies a specific interface for the procedures defined in
that subprogram. Such a specific interface is explicit for module procedures and implicit for external
procedures. An interface body in an interface block specifies an explicit interface for an existing external
procedure or a dummy procedure. If the name on a procedure heading in an interface block is the same
as the name of a dummy argument in the subprogram containing the interface block, the interface block
declares that dummy argument to be a dummy procedure with the indicated interface; otherwise, the
interface block declares the name to be the name of an external procedure with the indicated procedure

in

terface.
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An interface body specifies all of the procedure’s characteristics and these must be consistent with those
specified in the procedure definition. Note that the dummy argument names may be different. The
specification part of an interface body may specify attributes or define values for data entities that do not
determine characteristics of the procedure. Such specifications have no effect. An interface block must
not contain an ENTRY statement, but an ENTRY interface may be specified by using the entry name as
the procedure name in the interface body. A procedure must not have more than one explicit specific
interface in a given scoping unit.

An example of an interface block without a generic specification is:

INTERFACE

SUBROUTINE EXT1 (X, Y, 2)
REAL, DIMENSION (100, 100) :: X, Y, Z
END SYUBROUTINE EXT1

SUBROYTINE EXT2 (X, 2)

REAL X

COMPLEX (KIND = 4) Z (20000
END SUBROUTINE EXT2

FUNCTION EXT3 (P, @
LOBICAL EXT3
INFEGER P (1000)
LOGICAL @ (1000

END FUNCTION EXT3

END INTERFACE

This interface block specifies explicit interfaces for the thfee external procedures EXT1, EXT2, and EXT3.
Any of these procedures may use keyword calls; for example:

EXT3 (@ F P_MASK (N+1 : N+1000), P = ACTUAL=P)

An interface block with a generic specificationi\specifies a generic interface for each of the procedures in
the interfdce block. If the host is a module” or accesses a module by use association, the MODULE
PROCEDURE specification lists those module procedures, either defined in that module or accessible via a
USE statement, that have this generic(interface. The characteristics of module procedures are not given in
interface hlocks, but are assumed from the module subprogram definitions. A generic interface is always
explicit.

A procedyre always may béreferenced via its specific interface. It also may be referenced via its generic
interface, |f it has one. [The generic name, defined operator, or equals symbol in a generic specification is
a generic fdentifier for_all the procedures in the interface block. The rules on how any two procedures
with the [same generic identifier must differ are given in 14.1.2.3. They ensure that any generic
invocatior] applies:to at most one specific procedure.

A generic [name specifies a single name to reference all of the procedure names in the interface block. A

any accessible generic name.

An example of a generic procedure interface is:
INTERFACE SWITCH
SUBROUTINE INT_SWITCH (X, Y)

INTEGER, INTENT (INOUT) :: X, Y
END SUBROUTINE INT_SWITCH
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SUBROUTINE REAL_SWITCH (X, Y)
REAL, INTENT (INOUT) :: X, Y
END SUBROUTINE REAL_SWITCH

SUBROUTINE COMPLEX_SWITCH (X, Y)
COMPLEX, INTENT (INOUT) :: X, Y
END SUBROUTINE COMPLEX_SWITCH

END INTERFACE

[ny of these three subroutines (INT_SQWITCH, REAL_SWITCH, COMPLEX_SWITCH]) Jmay be
referenced with the generic name SWITCH, as well as by its specific name. For example, areférence to
INT_SWITCH could take the form:
q

ALL SWITCH (MAX_VAL, LOC_VAL) ! MAX_VAL and LOC_VAL are of type INTEGER

12.3.2.1.1 Defined operations

If OPERATOR is specified in a generic specification, all of the procedures specified in the interfgce block
ust be functions that may be referenced as defined operations (12.4). (In)the case of functions of two
arguments, infix binary operator notation is implied. In the case of functions of one argument, prefix

erator notation is implied. OPERATOR must not be specified forfunctions with no argumerts or for
flinctions with more than two arguments. The dummy arguménts must be nonoptional dummy data

jects and must be specified with INTENT (IN) and the function result must not have assumed ¢haracter
length. If the operator is an intrinsic-operator (R310), thé number of function arguments |must be
cpnsistent with the intrinsic uses of that operator.

defined operation is treated as a reference to the function. For a unary defined operation, the|operand
cprresponds to the function’s dummy argument;“‘for a binary operation, the left-hand |operand
cprresponds to the first dummy argument of thesfunction and the right-hand operand correspondls to the
spcond argument.

n example of the use of the OPERATOR"generic specification is:
NTERFACE OPERATOR ( * )

FUNCTION BOOLEAN_AND (B4, ‘B2)
LOGICAL, INTENT (IN)-":: B1 (:), B2 (SIZE (B1))
LOGICAL :: BOOLEANZAND (SIZE (B1))

END FUNCTION BOOLEAN_AND

ND INTERFACE
his allows, fér“example
ENSOR (J:N) * ACTION (1:N)

arv alternative to the function call

OOLEAN_AND (SENSOR (1:N), ACTION (1:N)) | SENSOR and ACTION are
! of type LOGICAL

A given defined operator may, as with generic names, apply to more than one function, in which case it
is generic in exact analogy to generic procedure names. For intrinsic operator symbols, the generic
properties include the intrinsic operations they represent. Because both forms of each relational operator
have the same interpretation (7.3), extending one form (such as < =) has the effect of defining both
forms (< = and .LE.).
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12.3.2.1.2 Defined assignments

If ASSIGNMENT is specified in an INTERFACE statement, all the procedures in the interface block must
be subroutines that may be referenced as defined assignments (7.5.1.3). Each of these subroutines must
have exactly two dummy arguments. Each argument must be nonoptional. The first argument must
have INTENT (OUT) or INTENT (INOUT) and the second argument must have INTENT (IN). A defined
assignment is treated as a reference to the subroutine, with the left-hand side as the first argument and the
right-hand side enclosed in parentheses as the second argument. The ASSIGNMENT generic specification
specifies that the assignment operation is extended or redefined if both sides of the equals sign are of the
same derived type.

An example of the use of the ASSIGNMENT generic specification is
INTERFACE ASSIGNMENT ( =)

INE BIT_TO_NUMERIC (N, B)
INTEGER, INTENT (OUT) :: N
LOGICAL, INTENT (IN) :: B (:)

END SUBROUTINE BIT_TO_NUMERIC

SUBROUTINE CHAR_TO_STRING (S, C)
USH STRING_MODULE I Contains definition of type STRING
TYAE (STRING), INTENT (OUT) :: S ! A variable-length string
CHARACTER (*), INTENT (IN) :: C

END SUBROUTINE CHAR_TO_STRING

END INTERFACE
Example assignments are:

ENSOR (J:K) ! CALL BIT_TO_NUMERIC (KOUNT, (SENSOR (J:K)))
'\89AB" I CALL CHAR_TO_STRING (NOTE, ('89AB'))

the EXTERNAL attribute represents an external procedure, a dummy procedure, or a block data program
unit. Specjfying an external procedure~name or a dummy procedure name in an EXTERNAL statement
permits sudh a name to be used as an actual argument.

R1207 extrnal-stmt is EXTERNAL external-name-list

Each exterfial-name must bé-the name of an external procedure, a dummy argument, or a block data
program umit. '

The appearance of the name of a dummy argument in an EXTERNAL statement specifies that the dummy
argument i$ a dummy-procedure.

The appeafrance in an EXTERNAL statement of a name that is not the name of a dummy argument
t“the name is the name of an external procedure or block data program unit. If an external

procedure name or a dummy procedure name is used as an actual argument, it must appear in an
EXTERNAL statement, be given the external attribute in a type declaration statement, or be declared to
be a procedure by an interface block in the scoping unit. Appearance of an intrinsic procedure name in
an EXTERNAL statement causes that name to become the name of some external subprogram and an
intrinsic procedure of the same name is not available in the scoping unit.

Only one appearance of a name in all of the EXTERNAL statements in a scoping unit is permitted.
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An example of an EXTERNAL statement is:

SUBROUTINE SUB (FOCUS)
EXTERNAL FOCUS

12.3.2.3 INTRINSIC statement

991 (E)

An INTRINSIC statement specifies a list of names that have the INTRINSIC attribute. A name that has

the INTRINSIC attribute represents an intrinsic procedure (Section 13). The INTRINSIC attribute
a name that represents a specific intrinsic function to be used as an actual argument.

permits

RI208 infrinsic-stmf 1s IN1TRINSIC intrinsic-procedure-name-list
Constraint: Each intrinsic-procedure-name must be the name of an intrinsic procedure.

The appearance of a name in an INTRINSIC statement confirms that the name is the name.of an
ptlocedure. The appearance of a generic intrinsic function name (13.10) in an INTRINSIC statems¢
ngt cause that name to lose its generic property.

If|the specific name (13.12) of an intrinsic function is used as an actual argument, the name mu
agpear in an INTRINSIC statement or be given the intrinsic attribute in a-typé declaration state
thee scoping unit.

ntrinsic
nt does

t either
ment in

Ohply one appearance of a name in all of the INTRINSIC statements iri.a scoping unit is permitted. Note

that a name must not appear in both an EXTERNAL and an INTRINSIC statement in the same
unit.
12.3.2.4 Implicit interface specification

In| a scoping unit where the interface of a function .is’yimplicit, the type and type parameters
fulnction result are specified by implicit or explicit type'specification of the function name. The ty

inferface of the procedure is implicit must be\'such that the actual arguments are consistent v
cHaracteristics of the dummy arguments.

12.4 Procedure reference

The form of a procedure referenice is dependent on the interface of the procedure, but is indeper
the means by which the procedure is defined. The forms of procedure references are:

R1209 function-reference is function-name ( [ actual-arg-spec-list |)
Cqgnstraint: The actual-arg-spec-list for a function reference must not contain an alt-return-spec.
R1210 call-stmt is CALL subroutine-name | ( [ actual-arg-spec-list | ) |

ddfined assignment.

12.4.1" Actual argument list

scoping

of the
be, type

pdrameters, and shape of dummy arguments of -a‘procedure referenced from a scoping unit where the

Vith the

dent of

Al function may be referenced also as a defined operation and a subroutine may be referenced also as a

RI21Tacrual-arg-spec is{ keyword = actual-arg
R1212 keyword is dummy-arg-name
R1213 actual-arg is expr

or variable
or procedure-name
or alt-return-spec

R1214  alt-return-spec is * label
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Constraint: The keyword = must not appear if the interface of the procedure is implicit in the scoping
unit,

Constraint: The keyword = may be omitted from an actual-arg-spec only if the keyword = has been
omitted from each preceding actual-arg-spec in the argument list.

Constraint: Each keyword must be the name of a dummy argument in the explicit interface of the
procedure.

Constraint: A procedure-name actual-arg must not be the name of an internal procedure or of a
statement function and must not be the generic name of a procedure (12.3.2.1, 13.1).

Constraint: The label used in the alt-return-spec must be the statement label of a branch target statement that appears in_the

same scoping unit as the call-stmt.

In either [a subroutine reference or a function reference, the actual argument list identifies the
correspondence between the actual arguments supplied and the dummy arguments of the procedure. In
the absenck of a keyword, an actual argument is associated with the dummy argument decupying the
corresponding position in the dummy argument list; that is, the first actual argument is associated with
the first dgmmy argument, the second actual argument is associated with the second\dummy argument,
etc. If a Keyword is present, the actual argument is associated with the dummy argument whose name is
the same s the keyword (using the dummy argument names from the interface.accessible in the scoping
unit contdining the procedure reference). Exactly one actual argument musf\ be associated with each
nonoptionpl dummy argument. At most one actual argument may be @ssociated with each optional
dummy argument. Each actual argument must be associated with a dumimy argument. For example, the
procedure

SUBROUTIEE SOLVE (FUNCT, SOLUTION, METHOD, STRATEGY, PRINT)

INTERFACE
FUNCTION FUNCT (X)
REAL FUNCT, X
END FUNCTION FUNCT
END INTERFACE
REAL BOLUTION
INTEGER, OPTIONAL :: METHOD, STRATEGY.,’ PRINT

may be inyoked with

CALL SOLYE (FUN, SOL, PRINT =(6)

providing [its interface is explicit;-when the interface is specified by an interface block, the name of the
last argument must be PRINT:

12.4.1.1 Arguments dassociated with dummy data objects

If a dumny argument'is a dummy data object, the associated actual argument must be an expression of
the same f{ype or a data object of the same type. The kind type parameter value of the actual argument
must agrep with that of the dummy argument. The value of the length type parameter of an actual
argument |of type nondefault character must agree with that of the dummy argument. If the dummy

argument is an assumed-shape array of type default character, the value of the length type parameter of
the actual argument must agree with that of the the dummy argument.

If a scalar dummy argument is of type default character, the length len of the dummy argument must be
less than or equal to the length of the actual argument. The dummy argument becomes associated with
the leftmost len characters of the actual argument. If an array dummy argument is of type default
character, the restriction on length is for the entire array and not for each array element. The length of
an array element in the dummy argument array may be different from the length of an array element in
the associated actual argument array, array element, or array element substring, but the dummy
argument array must not extend beyond the end of the actual argument array.
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Except when a procedure reference is elemental (12.4.3, 12.4.5), each element of an array-valued actual
argument or of a sequence in a sequence association (12.4.1.4) is associated with the element of the
dummy array that has the same position in array element order (6.2.2.2). Note that for type default
character sequence associations, the interpretation of element is provided in 12.4.1.4.

If the dummy argument is a pointer, the actual argument must be a pointer and the types, type
parameters, and ranks must agree.

At the invocation of the procedure, the dummy argument pointer receives the pointer association status
of the actual argument. If the actual argument is currently associated, the dummy argument becomes
associated with he ame Arge he association a ma hange @ n: he exe ion of the
procedure.  When execution of the procedure completes, the pointer association status of the[ dummy
gument becomes undefined if it is associated with a dummy argument of the procedurejthaf has the
[ARGET attribute or with a target that becomes undefined (14.7.6); following this,” thel pointer
aksociation status of the actual argument becomes that of the dummy argument.

the actual argument has the TARGET attribute, any pointers associated with’ it do not| become
associated with the corresponding dummy argument on invocation of thé procedure, buf remain
associated with the actual argument. If the dummy argument has the TARGET attribute, any pointer
sociated with it becomes undefined when execution of the procedure completes.

0

p—t

the actual argument is scalar, the corresponding dummy argument:\thust be scalar unless the actual
gument is an element of an array that is not an assumed-shape or(pointer array, or a substring of such
?an element. If the procedure is referenced by a generic namel or as a defined operator o1 defined
signment, the ranks of the actual arguments and corresponding’dummy arguments must agree.

a dummy argument has INTENT (OUT) or INTENT (INOUT), the actual argument must be definable.
a dummy argument has INTENT (OUT), the corresponding actual argument becomes undefin¢d at the
me the association is established.

b

If the actual argument is an array section having-a‘vector subscript, the dummy argument is not definable
and must not have INTENT (OUT) or INTENT {INOUT).

It a dummy argument is an assumed-shape\array, the actual argument must not be an assumed-size array
or a scalar (including an array element designator or an array element substring designator).

A scalar dummy argument may be associated only with a scalar actual argument.

2.4.1.2 Arguments associated with dummy procedures

It a dummy argument is a ‘dummy procedure, the associated actual argument must be the specific|name of

external, module, ,dummy, or intrinsic procedure. The only intrinsic procedures permitted gre those
ted in 13.12 and-not’ marked with a bullet (o). If the specific name is also a generic name, [only the
pecific proceduréis‘associated with the dummy argument.

[y

[

If the interface’of the dummy procedure is explicit, the characteristics of the associated actual procedure
ust be tHe same as the characteristics of the dummy procedure (12.2).

It the ‘interface of the dummy procedure is implicit and either the name of the dummy progedure is
ekplicitly typed or the procedure is referenced as a function, the dummy procedure must not be ré¢ferenced

as—4 DO ah< d Har—a A H D o tH O - Sy v—Pproceat

If the interface of the dummy procedure is implicit and a reference to the procedure appears as a
subroutine reference, the actual argument must be a subroutine or dummy procedure.

124.1.3 Arguments associated with alternate return indicators

If a dummy argument is an asterisk (12.5.2.3), the associated actual argument must be an alternate return specifier. The label in the

alternate return specifier must identify an executable construct in the scoping unit containing the procedure reference.
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12.4.1.4 Sequence association

An actual argument represents an element sequence if it is an array expression, an array element
designator, or an array element substring designator. If the actual argument is an array expression, the
element sequence consists of the elements in array element order. If the actual argument is an array
element designator, the element sequence consists of that array element and each element that follows it
in array element order.

If the actual argument is of type default character and is an array expression, array element, or array
element substring designator, the element sequence consists of the character storage units beginning with
the first storage unit o inuj :

rray element substring designator are viewed as array elements consisting of

original arrfy.

An actual argument that represents an element sequence and corresponds to a dummy argument that is an
array-valuefl data object is sequence associated with the dummy argument if the dummylargument is an
explicit-shape or assumed-size array. The rank and shape of the actual argument need'not agree with the
rank and shape of the dummy argument, but the number of elements in the dummy Argument must not
exceed the humber of elements in the element sequence of the actual argument. \If_the dummy argument
is assumed [size, the number of elements in the dummy argument is exactly the-tumber of elements in the
element sequence.

12.4.2 Function reference

A function
(7.1.3).
associated,

the functio
characterist

1243 tle

A reference
are arrays
arguments

is invoked during expression evaluation by a function-reference or by a defined operation

When it is invoked, all actual argument expressionsare evaluated, then the arguments are

and then the function is executed. When execution-of the function is complete, the value of
h result is available for use in the expression that caused the function to be invoked. The
cs of the function result (12.2.2) are determined by the interface of the function.

mental intrinsic function reference

to an elemental intrinsic function.i$ an elemental reference if one or more actual arguments
hnd all array arguments haveithe same shape. The result has the same shape as the array
hnd the value of each element in the result is obtained by evaluating the function using the

scalar arguments and the corresponding’elements of the array arguments. For example, if X and Y are

arrays of sH
MAX (X, O
is an array

MAX

124.4 Sub

ape (m, n),
L0, Y)
expression of shape (m, n) whose elements have values

XD 00Y 6, Mi=12 ... mj=12 ..,n

routine reference

A subroutihe”is invoked by execution of a CALL statement or defined assignment statement (7.5.1.3).
When a subroutine is invoked, all actual argument expressions are evaluated, then the arguments are
associated, and then the subroutine is executed. When the actions specified by the subroutine are
completed, execution of the CALL statement or defined assignment statement is also completed. If a CALL

statement includes one or more alternate return specifiers among its arguments, control may be transferred to one of the statements

indicated, depending on the action specified by the subroutine.
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12.4.5 Elemental intrinsic subroutine reference

A reference to an elemental intrinsic subroutine is an elemental reference if all actual arguments
corresponding to INTENT (OUT) and INTENT (INOUT) dummy arguments are arrays that have the
same shape and the remaining actual arguments are conformable with them. The values of the elements
of the arrays that correspond to INTENT (OUT) and INTENT (INOUT) dummy arguments are the same
as would be obtained if the subroutine were applied separately to corresponding elements of each
argument.

12.5.1 Intrinsic procedure definition

Igtrinsic procedures are defined as an inherent part of the processor. A standard-conforming processor

ust include the intrinsic procedures described in Section 13, but may include .others. However, a
standard-conforming program must not make use of intrinsic procedures other thafi those desdribed in
Section 13.

12.5.2 Procedures defined by subprograms

hen a procedure defined by a subprogram is invoked, an instance (12°5.2.4) of the procedure i§ created
ahd executed. Execution begins with the first executable construct following the FUNICTION,
SUBROUTINE, or ENTRY statement specifying the name of thé. procedure invoked or with the END
stlatement if there is no other executable construct.

12.5.2.1 Effects of INTENT attribute on subprograms

sibprogram. A dummy data object having INFENT (IN) must not be defined or redefined by the
sibprogram. A dummy data object having INTENT (OUT) is initially undefined in the subprogram. A
diimmy data object with INTENT (INOUT), may be referenced or be defined. A dummy dath object
whose intent is not specified is subject to the limitations of the data entity that is the associated actual
afgument. That is, a reference to the dimmy data object may occur if the actual argument is defjned and
the dummy data object may be defified if the actual argument is definable.

e INTENT attribute of dummy data objects limits the way in which they may be uid in a

12.5.2.2 Function subprogram
Al function subprogram is a_subprogram that has a FUNCTION statement as its first statement.

Ri1215 function-subprogram is function-stmt

[ specification-part |

[ execution-part |

[ internal-subprogram-part |
end-function-stmt

R1216 function-stmt is [ prefix | FUNCTION function-name B
B ([ dummy-arg-name-list | ) [ RESULT ( result-name

fa—

Corstraint—H RESULT isspecified, the function-name ost ot appear imany specification statement in
the scoping unit of the function subprogram.

R1217 prefix is type-spec [ RECURSIVE ]
or RECURSIVE [ type-spec |
R1218 end-function-stmt is END [ FUNCTION { function-name ] ]

Constraint: If RESULT is specified, result-name must not be the same as function-name.

Constraint: FUNCTION must be present on the end-function-stmt of an internal or module function.
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Constraint: An internal function must not contain an ENTRY statement.
Constraint:  An internal function must not contain an internal-subprogram-part.

Constraint: If a function-name is present on the end-function-stmt, it must be identical to the function-
name specified in the function-stmt.

The type and type parameters (if any) of the result of the function defined by a function subprogram may
be specified by a type specification in the FUNCTION statement or by the name of the result variable
appearing in a type statement in the declaration part of the function subprogram. It must not be specified
both ways. If it is not specified either way, it is determined by the implicit typing rules in force within

the functidn subprogram, If the function result 15 array-valued or a pointer, this must be specified by
specificatidns of the name of the result variable within the function body. The specifications of (the
function re¢sult attributes, the specification of dummy argument attributes, and the information jin’the
procedure fheading collectively define the interface of the function (12.3).

The keywprd RECURSIVE must be present if the function directly or indirectly invokes itself or a
function defined by an ENTRY statement in the same subprogram. Similarly, RECURSIVE must be
present if [a function defined by an ENTRY statement in the subprogram directly or/indirectly invokes
itself, another function defined by an ENTRY statement in that subprogram, or the\function defined by
the FUNCTION statement.

The name |of the function is function-name.

If RESULT is specified, the name of the result variable of the function is‘tesult-name, its characteristics
(12.2.2) afe those of the function result, and all occurrences of the)function name in execution-part
statements| in the scoping unit are recursive function references. IfRESULT is not specified, the result
variable if function-name and all occurrences of the function ndme in execution-part statements in the
scoping unit are references to the result variable. The value_of/the result variable at the completion of
execution pf the function is the value returned by the functiori> If the function result has been declared to
be a poinfer, the shape of the value returned by the function is determined by the shape of the result
variable wfhen the execution of the function is completed:~1f the result variable is not a pointer, its value
must be ‘:;Lfined by the function. If the function result has been declared a pointer, the function must
either assqciate a target with the result variable pointer or cause the association status of this pointer to
become defined as disassociated.

If both RECURSIVE and RESULT are specified, the interface of the function being defined is explicit
within the|function subprogram.

An example of a recursive function s:

RECURSIVE FUNCTION CUMM_SUM_(ARRAY) RESULT (C_SUM)
REAL ARRAY (:), C_SUM\(SIZE (ARRAY))
! The|characteristics/of CUMM_SUM are those of C_SUM.
INTENT C(IN) ARRAY
INTEGER N
N = S[ZE (ARRAY)
IF (N| .LES®) THEN
C_BUM = ARRAY
ELSE

_SUM (ARRAY (:N))
-SUM (N) + CUMM_SUM (ARRAY (N+1:))

5

END FUNCTION CUMM_SWM
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12.5.2.3 Subroutine subprogram
A subroutine subprogram is a subprogram that has a SUBROUTINE statement as its first statement.

R1219 subroutine-subprogram is subroutine-stmt
[ specification-part |
| execution-part |
[ internal-subprogram-part |
end-subroutine-stmt

[ RECURSIVE ] SUBROUTINE subroutine-name Ml
B [ (| dummy-arg-list |) ]

-
(7]

R1220 subroutine-stmt

Rl1221 dummy-arg is dummy-arg-name
or *
R1222 end-subroutine-stmt is END [ SUBROUTINE [ subroutine-name | |
Uonstraint: SUBROUTINE must be present on the end-subroutine-stmt of~an  internal or| module

subroutine.

0

onstraint: An internal subroutine must not contain an ENTRY statement.

o)

onstraint: An internal subroutine must not contain an internal-subprogram-part.

Jonstraint: If a subroutine-name is present on the end-subroytine-stmt, it must be identical to the
subroutine-name specified in the subroutine-stmt,

The keyword RECURSIVE must be present if the subroutine directly or indirectly invokes itgelf or a
broutine defined by an ENTRY statement in the samé.subprogram. Similarly, RECURSIVE must be
present if a subroutine defined by an ENTRY statement’in the subprogram directly or indirectly|invokes
itself, another subroutine defined by an ENTRY statement in that subprogram, or the subrouting defined
the SUBROUTINE statement.

I{ RECURSIVE is specified, the interface of the subroutine being defined is explicit within the subroutine
subprogram.

he name of the subroutine is subroutine-name.

12.5.24 Instances of a subprogram

hen a function or subroutine defined by a subprogram is invoked, an instance of that subprpgram is
created.

ch instance has an.independent sequence of execution and an independent set of dummy argumgents and
l¢cal nonsaved data objects. If an internal procedure or statement function contained in the subprogram
invoked directly from an instance of the subprogram or from an internal procedure or sfatement
fiinction thafthas access to the entities of that instance, the created instance of that internal progedure or
statement-function also has access to the entities of that instance of the host subprogram.

11 other entities are shared by all instances of the subprogram. For example, the value of a sayed data
ject “appearing in one instance may have been defined in a previous instance or by initializafion in a
ATA staterment or type declaration staterment:

12.5.2.5 ENTRY statement

An ENTRY statement permits a procedure reference to begin with a particular executable statement within
the function or subroutine subprogram in which the ENTRY statement appears.

R1223 entry-stmt is ENTRY entry-name | ( [ dummy-arg-list | ) @
B [ RESULT ( result-name ) ] |
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Constraint: If RESULT is specified, the entry-name must not appear in any specification statement in the
scoping unit of the function program.

Constraint: An entry-stmt may appear only in an external-subprogram or module-subprogram. An
entry-stmt must not appear within an executable-construct.

Constraint: RESULT may be present only if the entry-stmt is contained in a function subprogram.

Constraint: Within the subprogram containing the entry-stmt, the entry-name must not appear as a
dummy argument in the FUNCTION or SUBROUTINE statement or in another ENTRY
statement and it must not appear in an EXTERNAL or INTRINSIC statement.

Constraint: A dummy-arg may be an alternate return indicator only if the ENTRY statement is contained in a subroutirie

subprogram.
Constraint] If RESULT is specified, result-name must not be the same as entry-name.
Optionally| a subprogram may have one or more ENTRY statements.

If the ENTRY statement is contained in a function subprogram, an additional function is(defined by that
subprogra The name of the function is entry-name and its result variable is resultsigme or is entry-
name if fo result-name is provided. The characteristics of the function restlt\ are specified by
specifications of the result variable. The dummy arguments of the function aré-those specified on the
ENTRY statement. If the characteristics of the result of the function named onthe ENTRY statement are
the same ds the characteristics of the result of the function named on the FUNCTION statement, their
result varigbles identify the same variable, although their names need not™be the same. Otherwise, they
are storage associated and must all be scalars without the POINTER attribute and all be of type default
character with identical length or all be scalars without the POINTER attribute and one of the types
default intgger, default real, double precision real, default complex,“or default logical.

If the ENTRY statement is contained in a subroutine'subprogram, an additional subroutine is defined by
that subprggram. The name of the subroutine is“entry-name. The dummy arguments of the subroutine
are those specified on the ENTRY statement.

If RECURSIVE is specified on the SUBROUTINE statement, the interface of the subroutine defined by the
ENTRY statement is explicit within the-subroutine subprogram.

The order,| number, types, kind type’ parameters, and names of the dummy arguments in an ENTRY
statement may differ from the drder, number, types, kind type parameters, and names of the dummy
arguments fn the FUNCTION or-SUBROUTINE statement in the containing program.

Because an| ENTRY statemhent defines an additional function or an additional subroutine, it is referenced
in the samg manner asarly other function or subroutine (12.4).

In a subprggram, a‘\name that appears as a dummy argument in an ENTRY statement must not appear in
an execut}ble statement preceding that ENTRY statement, unless it also appears in a FUNCTION,

SUBROUTINE “or ENTRY statement that precedes the executable statement.

In a subprogram, a name that appears as a dummy argument in an ENIRY statement must not appear In
the expression of a statement function unless the name is also a dummy argument of the statement
function, appears in a FUNCTION or SUBROUTINE statement, or appears in an ENTRY statement that
precedes the statement function statement.

If a dummy argument appears in an executable statement, the execution of the executable statement is
permitted during the execution of a reference to the function or subroutine only if the dummy argument
appears in the dummy argument list of the procedure name referenced.
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If a dummy argument is used in a specification expression to specify an array bound or character length
of an object, the appearance of the object in a statement that is executed during a procedure reference is
permitted only if the dummy argument appears in the dummy argument list of the procedure name
referenced and it is present (12.5.2.8).

A scoping unit containing a reference to a procedure defined by an ENTRY statement may have access to
an interface body for the procedure. The procedure header for the interface body must be a FUNCTION
statement for an entry in a function subprogram and must be a SUBROUTINE statement for an entry in a
subroutine subprogram.

The—keyword RECURSIVE is not used in an ENTRY statement Instead, the presence or abs
RECURSIVE on the initial SUBROUTINE or FUNCTION statement controls whether the pr

de

fined by an ENTRY statement is permitted to reference itself.

12(5.2.6 RETURN statement
R1224 return-stmt is RETURN [ scalar-int-expr ]

ence of
bcedure

Cdnstraint: The return-stmt must be contained in the scoping unit of @ ‘function or suBroutine

Co

Ex
ap
CA
ach
t

a

subprogram.

nstraint: The scalar-int-expr is allowed only in the scoping unit of a subroutine subprogram.

al argument list. If the expression is omitted or has a value outside the required range, there is no transfer of con

rnate return.

Execution of an end-function-stmt or end-subroutine-sttnf is equivalent to executing a RETURN st

wi

12
R1
T}
m
12
A

an

dy

h no expression.

5.2.7 CONTAINS statement
225 contains-stmt is CQONTAINS

e CONTAINS statement separates the body of a main program, module, or subprogram fr
ernal or module subprograms it may contain. The CONTAINS statement is not executable.

5.2.8 Restrictions on dummy arguments not present

d the actual argument)either is a dummy argument that is present in the invoking procedure or
mmy argument_dfthe invoking procedure. A dummy argument that is not optional must be

An optional dummy argument that is not present is subject to the following restrictions:

(1) Ifikis a dummy data object, it must not be referenced or be defined.

(2).XIf it is a dummy procedure, it must not be invoked.

(3) It must not be supplied as an actual argument corresponding to a nonoptional

ecution of the RETURN statement completes execution of the instance of the subprogram in which it
pears. If the expression is present and has a value n between 1 and the number of asterisks in the dummy argument list, the
LL statement that invoked the subroutine transfers control to the statemenf identified by the nth alternate return speciffier in the

rol to an

htement

m any

dummy argument is present in an instance of a subprogram if it is associated with an actual afgument

is not a
bresent.

dummy

e fumetion
€ FaREHOR-

(4) A subobject of it must not be supplied as an actual argument corresponding to an optional

dummy argument.

It may be supplied as an actual argument corresponding to an optional dummy argument, which is then
also considered not to be associated with an actual argument.
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12.5.2.9 Restrictions on entities associated with dummy arguments

While an entity is associated with a dummy argument, the following restrictions hold:

180

(1)

No action may be taken that affects the value or availability of the entity or any part of it,
except through the dummy argument. For example, in

SUBROUTINE OUTER
REAL, POINTER :: A (D

F.\LLOCATE (A (1:N)

CALL INNER (A)
CONTAINS
SUBROUTINE INNER (B)
REAL :: B (2)
END SUBROUTINE INNER

SUBROUTINE SET (C, D)
REAL, INTENT (OUT) :: C
REAL, INTENT (IN) :: D
C=0D

END SUBROUTINE SET

END SUBROUTINE OUTER

an assignment statement such as
AM=1.0

would not be permitted during the execution“of INNER because this would be changing A
without using B, but statements such as

B =1.0

or

CALL SET (B (1D, 1.0

would be allowed. Similarly,

DEALLOCATE (A)

would not be allowed because this affects the availability of A without using B. In this case,
DEALLOCATE (B)

also would‘not be permitted, but would be permitted if B were declared with the POINTER
attribute:

Note ‘that if there is a partial or complete overlap between the actual arguments associated
with two different dummy arguments of the same procedure, the overlapped portions must not

be defined, redefined, or become undefined during the execution of the procedure. For
example, in

CALL SUB (A (1:5), A (3:9)

A (3:5) must not be defined, redefined, or become undefined through the first dummy
argument because it is part of the argument associated with the second dummy argument and
must not be defined, redefined, or become undefined through the second dummy argument
because it is part of the argument associated with the first dummy argument. A (1:2) remains
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definable through the first dummy argument and A (6:9) remains definable through the second

dummy argument.

This restriction applies equally to pointer targets. For example, in

REAL, DIMENSION (10), TARGET :: A
REAL, DIMENSION (:), POINTER :: B, C
B=>A (1:5

C=>A 3:9

CALL SuB (B, C)

B (3:5) cannot be defined because it is part of the argument associated with the second
argument. C (1:3) cannot be defined because it is part of the argument associated
first dummy argument. A (1:2) [which is B (1:2)] remains definable through thefirst
argument and A (6:9) [which is C (4:7)] remains definable through the)ysecond
argument.

dummy
ith the
dummy
dummy

Note that since a dummy argument declared with an intent of IN cangiot be used to change the

associated actual argument, the associated actual argument remains, constant throug
execution of the procedure.

If any part of the entity is defined through the dummy argument, then at any time dy
execution of the procedure, either before or after the definition, it may be refereng
through that dummy argument. For example, in

MODULE DATA
REAL :: W, X, Y, Z
END MODULE DATA

PROGRAM MAIN
USE DATA
CALL INIT (X

END PROGRAM MAIN

SUBROUTINE INIT (W)
USE DATA

READ (x( %) V

END SUBROUTINE INIT

varidble X must not be directly referenced at any time during the execution of INIT b
is\being defined through the dummy argument V. X may be (indirectly) referenced thi
W, Y, and Z may be directly referenced. X may, of course, be directly refereng
execution of INIT is complete.

hout the

ring the
ed only

pcause it
ough V.

ed once

12.5.3 Definifion of procedures by means ofher than Forfran

The means other than Fortran by which a procedure may be defined are processor dependent. A
reference to such a procedure is made as though it were defined by an external subprogram. The
definition of a non-Fortran procedure must not be contained in a Fortran program unit and a Fortran
program unit must not be contained in the definition of a non-Fortran procedure. The interface to a
non-Fortran procedure may be specified in an interface block.
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12.5.4 Statement function

A statement function is a function defined by a single statement.

R1226 stmt-function-stmt is function-name ( | dummy-arg-name-list | } = scalar-expr

Constraint:

Constraint:

Constraint:

Constraint:

Constraint:

The scalar-expr may be composed only of constants (literal and named), references to scalar
variables and array elements, references to functions and function dummy procedures, and
intrinsic operators. If a reference to a statement function appears in scalar-expr, its
definition. must have been provided earlier in the scoping unit and must not be the name of
the statement function being defined.

Named constants in scalar-expr must have been declared earlier in the scoping unit or madé
accessible by use or host association. If array elements appear in scalar-expr, the parent
array must have been declared as an array earlier in the scoping unit or made accessible by
use or host association. If a scalar variable, array element, function reference, on-dummy
function reference is typed by the implicit typing rules, its appearance in any ‘Subsequent
type declaration statement must confirm this implied type and the values of any implied
type parameters.

The function-name and each dummy-arg-name must be specified, explicitly or implicitly, to
be scalar data objects.

A given dummy-arg-name may appear only once in any dummy-arg-name-list.

Each scalar variable reference in scalar-expr may be either a‘reference to a dummy argument
of the statement function or a reference to a variable local to the same scoping unit as the
statement function statement.

The definition of a statement function with the same name as an<dccessible entity from the host must be

preceded by

The dummy
same type

the declaration of its type in a type declaration statement.

r arguments have a scope of the statement furiction statement. Each dummy argument has the
and type parameters as the entity of the same name in the scoping unit containing the

statement flinction.

A statemen

The value

function must not be supplied as a‘precedure argument.

f a statement function reference’is obtained by evaluating the expression using the values of

the actual arguments for the values of the corresponding dummy arguments and, if necessary, converting

the result tg

A function
to become 1

the declared type and type.attributes of the function.

reference in the scalar @xpression must not cause a dummy argument of the statement function
edefined or undefinéd;
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Section 13 : Intrinsic procedures

There are four classes of intrinsic procedures: inquiry functions, elemental functions, transformational
functions, and subroutines. One intrinsic subroutine is elemental.

13.1 Intrinsic functions

Ah intrinsic function 1s an inquiry function, an elemental function, or a transformational functipn. An
infuiry function is one whose result depends on the properties of its principal argument other ‘than the
vdlue of this argument; in fact, the argument value may be undefined. An elemental function is ¢ne that
is [specified for scalar arguments, but may be applied to array arguments as described im13.2. All other
intrinsic functions are transformational functions; they almost all have one or,.more array-valued
arguments or an array-valued result.

Géneric names of intrinsic functions are listed in 13.10. In most cases, genericfunctions accept arguments
of| more than one type and the type of the result is the same as the type of the‘arguments. Specifit names
of| intrinsic functions with corresponding generic names are listed in 13.12:

If|an intrinsic function is used as an actual argument to a procedure, its specific name must be used and it
mhy be referenced in the called procedure only with scalar argumdents. If an intrinsic function does not
hqve a specitic name, it must not be used as an actual argument{(12:4.1.2).

13.2 Elemental intrinsic procedures

13.2.1 Elemental intrinsic function arguments and results

It|a generic name or a specific name is used to réference an elemental intrinsic function, the shapg of the
rebult is the same as the shape of the argument with the greatest rank. If the arguments are all scglar, the
repult is scalar. For those elemental intrinsic' functions that have more than one argument, all arguments
mpst be conformable. In the array-valfied case, the values of the elements, if any, of the result|are the
same as would have been obtained if* the scalar-valued function had been applied separately,|[in any
orlder, to corresponding elements of each argument. An argument called KIND must be specified as a
schlar integer initialization expression and must specify a representation method for the functiop result
thlat exists on the processory

13.2.2 Elemental intrinsic subroutine arguments

Ah elemental subroutine is one that is specified for scalar arguments, but may be applied tp array
arguments. In<’réference to an elemental intrinsic subroutine, either all actual arguments must be scalar,
o all INTENT(OUT) and INTENT (INOUT) arguments must be arrays of the same shape pnd the
remaining ‘arguments must be conformable with them. In the case that the INTENT (OUT) and INTENT
(INOUT)~arguments are arrays, the values of the elements, if any, of the results are the same as would be

obptained if the subroutine with scalar arguments were applied separately, in any order, to corresponding
£

e] mant arch aratimmont
ememts-oreach—argHment:

13.3 Positional arguments or argument keywords

All intrinsic procedures may be invoked with either positional arguments or argument keywords. The
descriptions in 13.13 give the keyword names and positional sequence. A keyword is required for an
argument only if a preceding optional argument is omitted.
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13.4 Argument presence inquiry function

The inquiry function PRESENT permits an inquiry to be made about the presence of an actual argument
associated with a dummy argument that has the OPTIONAL attribute.

13.5 Numeric, mathemotiécl, character, kind, logical, and bit procedures

13.5.1 Numeric functions

The eleme i i e
functions AIMAG, CONJG, AINT, ANINT, NINT, ABS, MOD, SIGN, DIM, DPROD, MODULO
FLOOR, CEILING, MAX, and MIN perform simple numeric operations.

3

13.5.2 Mathematical functions

The elemertal functions SQRT, EXP, LOG, LOGI10, SIN, COS, TAN, ASIN, ACOS, ATAN; ATAN2,
SINH, CO$H, and TANH evaluate elementary mathematical functions.

13.5.3 Chpracter functions

The elemental functions ICHAR, CHAR, LGE, LGT, LLE, LLT, JACHAR, ACHAR, INDEX, VERIFY,
ADJUSTL,| ADJUSTR, SCAN, and LEN_TRIM perform character operations. The transformational
function REPEAT returns repeated concatenations of a character string argument. The transformational
function TRIM returns the argument with trailing blanks removed.

13.5.4 Chpracter inquiry function

The inquiry function LEN returns the length of a character ‘entity. The value of the argument to this
function nded not be defined. It is not necessary for a progcessor to evaluate the argument of this function
if the valuq of the function can be determined otherwise.

13.5.5 Kind functions

The inquiry function KIND returns the kind type parameter value of an integer, real, complex, logical, or
character entity. The value of the argument to this function need not be defined. The transformational
function SELECTED_REAL_KIND returns.the real kind type parameter value that has at least the decimal
precision |and exponent range ,specified by its arguments. The transformational function
SELECTEQ_INT_KIND returns the“integer kind type parameter value that has at least the decimal
exponent rgnge specified by its argument.

13.5.6 Logical function

The elemehtal function~LOGICAL converts between objects of type logical with different kind type
parameter palues.

13.5.7 Bitmahnipulation and inquiry procedures

The bit manipulation procedures consist of a set of ten functions and one subroutine. Logical operations
on bits are provided by the functions IOR, IAND, NOT, and IEOR; shift operations are provided by the
functions ISHFT and ISHFTC; bit subfields may be referenced by the function IBITS and by the
subroutine MVBITS; single-bit processing is provided by the functions BTEST, IBSET, and IBCLR.

For the purposes of these procedures, a bit is defined to be a binary digit w located at position k of a
nonnegative integer scalar object based on a model nonnegative integer defined by
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<
j = E wy, X 2]\
h=0

and for which w; may have the value 0 or 1. An example of a model number compatible with the
examples used in 13.7.1 would have s = 32, thereby defining a 32-bit integer.

An inquiry function BIT_SIZE is available to determine the parameter s of the model. The value of the
argument of this function need not be defined. It is not necessary for a processor to evaluate the
argument of this function if the value of the function can be determined otherwise.

o ofsb g4 umbered—from right to
] context of the use of such an object as the hrgument
or result of one of the bit manipulation procedures. In all other contexts, the model detindd for an
integer in 13.7.1 applies. In particular, whereas the models are identical for w,_, = 0, they do not

qorrespond for w__ | = 1 and the interpretation of bits in such objects is processor dependent.

3.6 Transfer function

he function TRANSFER specifies that the physical representation of the first ‘argument is to be freated as
it it were one of the type and type parameters of the second argument With no conversion.

3.7 Numeric manipulation and inquiry functions

he numeric manipulation and inquiry functions are described in terms of a model for the representation
and behavior of numbers on a processor. The model has parameters which are determined so as| to make
fhe model best fit the machine on which the executable program is executed.

13.7.1 Models for integer and real data

The model! set for integer i is defined by:

4
I =sX Eu*;\)(r" :
ko=

fvhere r is an integer exceedingtone, g is a positive integer, each w; is a nonnegative integer legs than r,
and s is +1 or -1. The model'set for real x is defined by:

0 or

b
sANE XY fi X b
S k=1
fhere_bsand p are integers exceeding one; each f; is a nonnegative integer less than b, with f, npnzero; s
is +1 '6r -1; and e is an integer that lies between some integer maximum e,,,, and some integer fninimum
¢.Goinclusively. For x = 0, its exponent e and digits f; are defined to be zero. The integer parpmeters r
and g determine the set of model integers and the integer parameters b, p, e, and e, determine the
set of model floating point numbers. The parameters of the integer and real models are available for each
integer and real data type implemented by the processor. The parameters characterize the set of available
numbers in the definition of the model. The numeric manipulation and inquiry functions provide values
related to the parameters and other constants related to them. Examples of these functions in this section
use the models:

3
i =s X Ew;\XZ" !
A=
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24
x =0 or s X2°X [1/2 + Ef,\XZI\J, —126 = e <127

k=2

13.7.2 Numeric inquiry functions

The inquiry functions RADIX, DIGITS, MINEXPONENT, MAXEXPONENT, PRECISION, RANGE,
HUGE, TINY, and EPSILON return scalar values related to the parameters of the model associated with

the types armmm#ﬂmmﬁmmmm—
not be definmed, pointer arguments may be disassociated, and array arguments need not be allocated.

13.7.3 Flopting point manipulation functions

The elemental functions EXPONENT, SCALE, NEAREST, FRACTION, SET_EXPONENT, ‘SPACING,
and RRSPACING return values related to the components of the model values (13.7.1) associated with
the actual yalues of the arguments.

13.8 Arnrqy intrinsic functions

The array| intrinsic functions perform the following operations on ,afrays: vector and matrix
multiplication, numeric or logical computation that reduces the rank, -array structure inquiry, array
constructiop, array manipulation, and geometric location.

13.8.1 Thg shape of array arguments

The transfgrmational array intrinsic functions operate on eachcarray argument as a whole. The shape of
the corresgonding actual argument must therefore be defined; that is, the actual argument must be an
array sectign, an assumed-shape array, an explicit-shapelafray, a pointer that is associated with a target,
an allocataple array that has been allocated. or an array-valued expression. It must not be an assumed-
size array.

Some of the inquiry intrinsic functions accept-atray arguments for which the shape need not be defined.
Assumed-size arrays may be used as arguments to these functions; they include the function LBOUND
and certain|references to SIZE and UBOUND:

13.8.2 Mdsk arguments

Some array intrinsic functions Kave an optional MASK argument that is used by the function to select the
elements of one or more arguments to be operated on by the function. Any element not selected by the
mask need jnot be defined-at the time the function is invoked.

The MASK affects only the value of the function, and does not affect the evaluation, prior to invoking
the functiop, of arguments that are array expressions.

A MASK argument must be of type logical.

13.8.3 Vector and matrix multiplication functions

The matrix multiplication function MATMUL operates on two matrices, or on one matrix and one
vector, and returns the corresponding matrix-matrix, matrix-vector, or vector-matrix product. The
arguments to MATMUL may be numeric (integer, real, or complex) or logical arrays. On logical
matrices and vectors, MATMUL performs Boolean matrix multiplication.

The dot product function DOT_PRODUCT operates on two vectors and returns their scalar product.
The vectors are of the same type (numeric or logical) as for MATMUL. For logical vectors,
DOT_PRODUCT returns the Boolean scalar product.
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13.8.4 Array reduction functions

The array reduction functions SUM, PRODUCT, MAXVAL, MINVAL, COUNT, ANY, and ALL
perform numerical, logical, and counting operations on arrays. They may be applied to the whole array
to give a scalar result or they may be applied over a given dimension to yield a result of rank reduced by
one. By use of a logical mask that is conformable with the given array, the computation may be
confined to any subset of the array (for example, the pesitive elements).

13.8.5 Array inquiry functions

< 1 A oA B o a—v-aTte — e—array—argumert—is—curre y—atrocated—atd returns
[se otherwise. The functions SIZE, SHAPE, LBOUND, and UBOUND return, respectively,the size of
the array, the shape, and the lower and upper bounds of the subscripts along each dimension: The size,
sHape, or bounds must be defined.

The values of the array arguments to these functions need not be defined.

13.8.6 Array construction functions

The functions MERGE, SPREAD, PACK, and UNPACK construct new arrays from the elerpents of
edisting arrays. MERGE combines two conformable arrays into one arnay by an element-wis¢ choice
bjsed on a logical mask. SPREAD constructs an array from several copies of an actual afgument
(iPREAD does this by adding an extra dimension, as in forming a/book from copies of one page).| PACK
annd UNPACK respectively gather and scatter the elements of ‘@ one-dimensional array from|and to
positions in another array where the positions are specified bya logical mask.

13.8.7 Array reshape function

RESHAPE produces an array with the same elements“and a different shape.

13.8.8 Array manipulation functions

The functions TRANSPOSE, EOSHIFT,  ,and CSHIFT manipulate arrays. TRANSPOSE performs the
mlatrix transpose operation on a two-dithensional array. The shift functions leave the shape of 3n array
ufaltered but shift the positions of(the elements parallel to a specified dimension of the array| These
sHifts are either circular (CSHIFT); in which case elements shifted off one end reappear at the other end,
ot end-off (EOSHIFT), in which:edse specified boundary elements are shifted into the vacated positions.

3.8.9 Array location-functions

The functions MAXEOC and MINLOC return the location (subscripts) of an element of an array fhat has
a|maximum and minimum value, respectively. By use of an optional logical mask that is confprmable
wiith the given @tray, the reduction may be contined to any subset of the array.

13.8.10 Pointer association status inquiry functions

The Afunction ASSOCIATED tests whether a pointer is currently associated with any target,| with a
particular target, or with the same target as another pointer.

13.9 Intrinsic subroutines

Intrinsic subroutines are supplied by the processor and have the special definitions given in 13.11 and
13.13. An intrinsic subroutine is referenced by a CALL statement that uses its name explicitly. The name
of an intrinsic subroutine must not be used as an actual argument. The eftect of a subroutine reference is
as specified in 13.13.
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13.9.1 Date and time subroutines

The subroutines DATE_AND_TIME and SYSTEM_CLOCK return data from the date and real-time clock.
The time returned is local, but there are facilities for finding out the difference between local time and

Coordinated Universal Time.

13.9.2 Pseudorandom numbers

The subroutine RANDOM_NUMBER returns a pseudorandom number or an array of pseudorandom
numbers. The subroutine RANDOM_SEED initializes or restarts the pseudorandom number sequence.

13.9.3 Bit

The elemental subroutine MVBITS copies a bit tield from a specified position in one integer objedt to a

specified ppsition in another.

13.10 G¢

For all of

when using

in the forr

copy subroutine

bneric intrinsic functions

he intrinsic procedures, the arguments shown are the names that must bé used tor keywords

 the keyword form for actual arguments. For example, a reference to €MPLX may be written

CMPLX (A, B, M) or in the form CMPLX (Y = B, KIND = M, X =A).

Many of the argument keywords have names that are indicative of their usage:~'For example:

KIN

STRING, STRING_A

BAC

MA
DIM

Describes the KINDof\the result
An arbitrary character string
Indicates a stririgascan is
to be fronvright to left (backward)
A mask that'may be applied to the arguments
A selected*dimension of an array argument

13.10.1 Argument presence inquiry function

13.10.2 N

188

PRES

ABS
AIM
AINT

ANII

CEIL
CMH

ENT (A)

umeric functions

(A)
AG (Z)

(A, KIND)

Dptional KIND
NT (A, KIND)
Dptional KIND
ING (A)

LX (X, Y2 \KIND)
Dptional Y, KIND

Argument presence

Absolute value
Imaginary part of a complex number
Truncation to whole number

Nearest whole number

Least integer greater than or equal to number
Conversion to complex type

CONIG(Z) Conjugate of a complex number

DBLE (A) Conversion to double precision real type
DIM (X, Y) Positive difference

DPROD (X, Y) Double precision real product

FLOOR (A) Greatest integer less than or equal to number

INT (A, KIND)
Optional KIND

MAX (A1, A2, A3,..)
Optional A3, ...

MIN (A1, A2, A3,..)
Optional A3,...

Conversion to integer type
Maximum value

Minimum value
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MOD (A, P)
MODULO (A, P)
NINT (A, KIND)
Optional KIND
REAL (A, KIND)
Optional KIND
SIGN (A, B)

13.10.3 Mathematical functions

1SO/IEC 1539

Remainder function
Modulo function
Nearest integer

Conversion to real type

Transfer of sign

: 1991 (E)

13.10.4 Character functions
ACHAR (D

ADJUSTL (STRING)
ADJUSTR (STRING)
CHAR (I, KIND)
Optional KIND
IACHAR (O

ICHAR (C)

INDEX (STRING, SUBSTRING, BACK)
OptionallBACK

LEN_TRIMXSTRING)

LGE (STRING_A, STRING_B)

LGT (STRING_A, STRING_B)
LLE(STRING_A, STRING_B)

LLT (STRING_A, STRING_B)

REPEAT (STRING, NCOPIES)

SCAN (STRING, SET, BACK)

ACOS (X) ATCCosIme

ASIN (X) Arcsine

ATAN (X) Arctangent
ATAN2 (Y, X} Arctangent

COS (X) Cosine

COSH (X) Hyperbolic cosine
EXP (X) Exponential

LOG (X) Natural logarithm
LOG10 (X) Common logarithm (base 10)
SIN (X) Sine

SINH (X) Hyperbolic sine
SQRT (X) Square root

TAN (X) Tangent

TANH (X) Hyperboli¢ tangent

Character in given position

in ASCII collating sequence
Adjust left
Adjust right
Character in given position

in processor collating sequence
Position of a character

in ASCII collating sequence
Position of a character

in processor collating sequence
Starting position of a substring

Length without trailing blank characters
Lexically greater than or equal

Lexically greater than

Lexically less than or equal

Lexically less than

Repeated concatenation

Scan a string for a character in a set

Optional BACK

TRIM (STRING)

VERIFY (STRING, SET, BACK)
Optional BACK

13.10.5 Character inquiry function
LEN (STRING)

Remove trailing blank characters
Verify the set of characters in a string

Length of a character entity
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13.10.6 Ki
KIND

nd functions
(X)

SELECTED_INT_KIND (R)

SELECTED_REAL_KIND (P, R)
Optional P, R

13.10.7 Logical function
LOGICAL (L, KIND)

13.108 N

Kind type parameter value

Integer kind type parameter value,
given range

Real kind type parameter value,
given precision and range

Convert between objects

Qptional KIND

hmeric inquiry functions

DIGITS (X)

EPSIL
HUGH
MAX]
MINE]
PREC
RADI
RAN(
TINY

ON (X)

(X)
EXPONENT (X)
XPONENT (X)
SION (X)

X (X)

LE (X)

X)

13.10.9 ;T inquiry function

BIT

1ZE (I)

13.10.10 Bit manipulation functions

BTES]
IAND
IBCLJ
IBITS
IBSET|
IEOR
IOR (
ISHFT]
ISHF]
e
NOT

131011 T
TRAN

[ (I, POS)
LN

(I, POS)

(I, POS, LEN)
(I, POS)
(LD

)

[ (I, SHIFT)

C (I, SHIFT, SIZE)
ptional SIZE
(1)

fansterfunction
[SFER (SOURCE, MOLD, SIZE)

e

of type logical with
different kind type parameters

Number of signiticant digits in the model
Number that is almost negligible compdred to one
Largest number in the model

Maximum exponent in the model

Minimum exponent in the modél

Decimal precision

Base of the model

Decimal exponent range

Smallest positive number in the model

Number of bits in the model

Bit-testing
Logical AND
Clear bit

Bit extraction
Set bit
Exclusive OR
Inclusive OR
Logical shift
Circular shift

Logical complement

Treat first argument as if

of tune of cecond arocument
—yP a-H

£ 1CY
prroftarorCre

13.10.12 Floating-point manipulation functions

EXPONENT (X)
FRACTION (X)
NEAREST (X, S)

RRSP

190

ACING (X)

Exponent part of a model number
Fractional part of a number
Nearest different processor number in
given direction
Reciprocal of the relative spacing
of model numbers near given number



https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

SCALE (X, I)
SET_EXPONENT (X, I)
SPACING (X)
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Multiply a real by its base to an integer power

Set exponent part of a number

Absolute spacing of model numbers near given
number

13.10.13 Vector and matrix multiply functions

DOT_PRODUCT (VECTORL_A,
VECTOR_B)
MATMUL (MATRIX_A,

Dot product of two rank-one arrays

Matrix multiplication

MATRIX_B)

—

8.10.14 Array reduction functions

ALL (MASK, DIM)
Optional DIM
ANY (MASK, DIM)
Optional DIM
COUNT (MASK, DIM)
Optional DIM
MAXVAL (ARRAY, DIM, MASK)
Optional DIM, MASK
MINVAL (ARRAY, DIM, MASK)
Optional DIM, MASK
PRODUCT (ARRAY, DIM, MASK)
Optional DIM, MASK
SUM (ARRAY, DIM, MASK)
Optional DIM, MASK

—

8.10.15 Array inquiry functions

ALLOCATED (ARRAY)

LBOUND (ARRAY, DIM)
Optional DIM

SHAPE (SOURCE)

SIZE (ARRAY, DIM)
Optional DIM

UBOUND (ARRAY; DIM)
Optional DIM

—

8.10.16 Array construction functions

MERGE(TSOURCE,
FSOURCE, MASK)
PACK (ARRAY, MASK, VECTOR)
Optional VECTOR

True if all values are true

True if any value is true

Number of true elementsiin’an array
Maximum value inkan array
Minimum value in an array
Product-of array elements

Sum‘of array elements

Array allocation status
Lower dimension bounds of an array

Shape of an array or scalar
Total number of elements in an array

Upper dimension bounds of an array

Merge under mask

Pack an array into an array of rank one
under a mask

SPREADSOURCE DG
NCOPIES)
UNPACK (VECTOR, MASK,

FIELD)

13.10.17 Array reshape function

RESHAPE (SOURCE, SHAPE,
PAD, ORDER)
Optional PAD, ORDER

i n 1 1 31 1- .
NEpIICates array oy audIng a UnTernsIon

Unpack an array of rank one into an array
under a mask

Reshape an array
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13.10.18 Array manipulation functions

CSHIFT (ARRAY, SHIFT, DIM)

Circular shift

Optional DIM

EOSHIFT (ARRAY, SHIFT,

End-off shift
BOUNDARY, DIM)

Optional BOUNDARY, DIM

TRANSPOSE (MATRIX)

Transpose of an array of rank two

13.10.19 Array location functions

MAXLOC (ARRAY, MASK)
g
MINLOC (ARRAY, MASK)
d

13.10.20

ASS(
(Dptional TARGET

13.11 Inth

DAT

g

MVB

Location of a maximum value in an array
ptional MASK
Location of a minimum value in an array
ptional MASK

Pointer association status inquiry function
CIATED (POINTER, TARGET)

Association status or comparison

insic subroutines

E_AND_TIME (DATE, TIME,
ZONE, VALUES)

ptional DATE, TIME,
ZONE, VALUES

TS (FROM, FROMPOS,
LEN, TO, TOPOS)

Obtain date and time

Copies bits«from one integer to another

RANDOM_NUMBER (HARVEST) Returns“pseudorandom number
RANDOM_SEED (SIZE, PUT, GET) Initializes or restarts the

Qptional SIZE, PUT, GET pseudorandom number generator
SYSTEM_CLOCK (COUNT, Obtain data from the system clock

13.12 Sp

192

COUNT_RATE, COUNT_MAX)
ptional COUNT, COUNT_RATE,
COUNT_MAX

lecific names for intrinsic functions

Specific Name Generic Name Argument Type

ABS (A) ABS (A) default real
ACOS (X) ACOS (X) default real
AIMAG\(Z) AIMAG (Z) default complex
AINTH(A) AINT (A) default real
ALOG (X) LOG (X) default real
AEOG10 (X) LOG10 (X) default real
AMAXO (A1,A2,A3,...) REAL (MAX (A1, default integer
Optional A3, ... A2,A3,..))
Optional A3, ...
AMAX1 (A1,A2,A3,...) MAX (A1, default real
Optional A3, ... A2,A3,..)

Optional A3, ...
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default integer

Optional A3,... A2,A3,...))
Optional A3, ...

AMIN1 (A1,A2,A3,...) MIN (Al, default real

Optional A3,... A2,A3,..)

Optional A3,...

AMOD (A,P) MOD (A,P) default real
ANINT (A) ANINT (A) default real
ASIN (X) ASIN (X) default real
ATAN (X) ATAN (X) default real
ATAN2 (Y,X) ATAN2 (Y, X) default real
CABS (A) ABS (A) default complex
CCOS (X) COS (X) default complex
CEXP (X) EXP (X) default complex
CHAR () CHAR (D) default integer
CLOG (X) LOG (X) default complex
CONJG (2) CONIJG (2) default complex
COS (X) COS (X) default real
COSH (X) COSH (X) default real
CSIN (X) SIN (X) default"complex
CSQRT (X) SQRT (X) default complex
DABS (A) ABS (A) double precision real
DACOS (X) ACOS (X) double precision real
DASIN (X) ASIN (X) double precision real
DATAN (X) ATAN (X) double precision real
DATAN2 (Y,X) ATAN2 (Y. X) double precision real
DCOS (X) COS (X) double precision real
DCOSH (X) COSH X) double precision real
DDIM (X,Y) DIM (X,Y) double precision real
DEXP (X) EXP (X0 double precision real
DIM (X,Y) DIM_(X.,Y) default real
DINT (A) AINT (A) double precision real
DLOG (X) LOG (X) double precision real
DLOGI10 (X) LOG10 (X) double precision real

DMAX1 (Al1,A2 A3:"))
Optional A3( .

DMIN1 (A1/A2:A3,...)
Optiondl A3, ...

MAX (A1,A2,A3,..)
Optional A3, ...
MIN (A1,A2,A3,...)
Optional A3,...

double precision real

double precision real

DMODAA,P) MOD (A,P) double precision real
DNINT (A) ANINT (A) double precision real
DRROD (X,Y) DPROD (X,Y) default real

DSIGN (A,B) SIGN (A,B) double precision real
DSIN (X) SIN (X) double precision real
DSINH (X) SINH (X) double precision real
DSQRT (X) SQRT (X) double precision real
DTAN (X) TAN (X) double precision real
DTANH (X) TANH (X) double precision real
EXP (X) EXP (X) default real
FLOAT (A) REAL (A) default integer

IABS (A) ABS (A) default integer
ICHAR (C) ICHAR (C) default character
IDIM (X,Y) DIM (X,Y) default integer
IDINT (A) INT (A) double precision real
IDNINT (A) NINT (A) double precision real
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e IFIX (A)
INDEX (STRING,
SUBSTRING)
e INT(A)

ISIGN (A,B)
LEN (STRING)
e LGE (STRING_A,

INT (A)

INDEX (STRING,
SUBSTRING)

INT (A)

SIGN (A,B)

LEN (STRING)

LGE (STRING_A,

default real
default character

default real
default integer
default character
default character

STRING_B) STRING_B)

. LGT (STRING_A, LGT (STRING_A, default character
STRING B) STRING _R)

° HLE (STRING_A, LLE (STRING_A, default character
STRING_B) STRING_B)

° ILT (STRING_A, LLT (STRING_A, default character
STRING_B) STRING_B)

e  MAXO0 (A1,A2,A3,..)
Optional A3, ...

e MAXI (A1,A2,A3,...)
Optional A3, ...

e  MINO (A1,A2,A3,...)
Optional A3, ...

e  MIN1 (A1,A2,A3,...)
Optional A3, ...
MOD (A,P)
NINT (A)
REAL (A)
3IGN (A,B)
$IN (X)
§INH (X)
INGL (A)
§QORT (X)
TAN (X)
TANH (X)

MAX (A1,A2,A3,..)
Optional A3, ...

INT (MAX (A1,A2,A3,...))
Optional A3,...

MIN (A1,A2,A3,...)
Optional A3, ...

INT (MIN (A1,A2,A3,...))
Optional A3, ...

MOD (A,P)

NINT (A)

REAL (A)

SIGN (A.B)

SIN (X)

SINH (X)

REAL (A)

SQRT (X}

TAN (X)

TANH (X)

default integer
default real
default integer
default real

default)integer
default real

default integer
default real

default real

default real

double precision real
default real

default real

default real

o These spdcific intrinsic function names must not be used as an actual argument.

13.13 Specifications of the intrinsic procedures

This sectior| contains detailed specifications of the generic intrinsic procedures in alphabetical order.

13.13.1 AB5 (A)
Description. _Absolute value.

Class.| Eleméntal function.

Argument. A must be of type integer real. or complex

Result Type and Type Parameter. The same as A except that if A is complex, the result is real.

Result Value. If A is of type integer or real, the value of the result is |A]; if A is complex with
value (x,y), the result is equal to a processor-dependent approximation to xT+y?.

Example. ABS ((3.0, 4.0)) has the value 5.0 (approximately).
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13.13.2 ACHAR (I)

13

13

13

Description: Returns the character in a specified position of the ASCII collating sequence. It is the

inverse of the IACHAR function.
Class. Elemental function.

Argument. [ must be of type integer.

Result Type and Type Parameter. Character of length one with kind type parameter value KIND

(A",

KResult Value. It I has a value in the range 0 < 1 < 1.7, the result 1s the character in position
ASCIl collating sequence, provided the processor is capable of representing thatOch
otherwise, the result is processor dependent. If the processor is not capable of representir
upper- and lower-case letters and [ corresponds to a letter in a case that the processor-is not
of representing, the result is the letter in the case that the processor is capable) of repre

of the
practer;
g both
rapable
enting.

ACHAR (IACHAR (C)) must have the value C for any character C capable of‘\répresentation in the

processor.

Example. ACHAR (88) has the value 'X'.

13.3 ACOS (X)

Description. Arccosine (inverse cosine) function.

Class. Elemental function.

Argument. X must be of type real with a value that satisties the inequality |X| = 1.
Result Type and Type Parameter. Same as X.

Result Value. The result has a value equal te\ a processor-dependent approximation to arg
expressed in radians. It lies in the range 0 =¢ACOS (X) < 7.

Example. ACOS (0.54030231) has thewvalue 1.0 (approximately).

13.4 ADJUSTL (STRING)

Description. Adjust to the left. removing leading blanks and inserting trailing blanks.
Class. Elemental function.

Argument. STRING-must be of type character.

Result Type. Character of the same length and kind type parameter as STRING.

Result Valué. )The value of the result is the same as STRING except that any leading blanl
been deleted and the same number of trailing blanks have been inserted.

Example. ADJUSTL ( WORD') has the value ' WORD

cos(X),

s have

135 ADJUSTR (STRING)

Description. Adjust to the right, removing trailing blanks and inserting leading blanks.
Class. Elemental function.

Argument. STRING must be of type character.

Result Type. Character of the same length and kind type parameter as STRING.

Result Value. The value of the result is the same as STRING except that any trailing blanks have

been deleted and the same number of leading blanks have been inserted.
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Example. ADJUSTR (WORD ) has the value© WORD'.

13.13.6 AIMAG (2)

Description. Imaginary part of a complex number.
Class. Elemental function.
Argument. Z must be of type complex.

Result Type and Type Parameter. Real with the same kind type parameter as Z.

Result Value. If Z has the value (x, y), the result has value y.
Example. AIMAG ((2.0, 3.0)) has the value 3.0.

13.13.7 AINT (A, KIND)

Optignal Argument. KIND
Descriiption. Truncation to a whole number.

Class| Elemental function.

Arguments.
A must be of type real.
KINID) (optional) must be a scalar integer initialization expressien.

Result Type and Type Parameter. The result is of type real)'If KIND is present, the kind type
paratheter is that specified by KIND; otherwise, the kind type parameter is that of A.

Result Value. If |A| <1, AINT (A) has the value 0; if\|A] = 1, AINT (A) has a value equal to the
integer whose magnitude is the largest integer that does not exceed the magnitude of A and whose
signn]s the same as the sign of A.

Examples. AINT (2.783) has the value 2.0. \AINT (-2.783) has the value -2.0.

13.13.8 ALL (MASK, DIM)

196

Optignal Argument. DIM

Descyiption. Determine whether,all values are true in MASK along dimension DIM.

Transformational function.

must be of type logical. It must not be scalar.

DIM |(optional) must be scalar and of type integer with value in the range 1 < DIM < n, where
n is the rank of MASK. The corresponding actual argument must not be an
optional dummy argument.

parameter as MASK. It is scalar if DIM is absent or MASK has rak one; otherwise, the result is
an array of rank n —1 and of shape (d,, 4>, ..., dpm-1. doim+1. ---, 4,) where (dy, d,, ..., d,) is
the shape of MASK.

Result Value.

Case (i): The result of ALL (MASK) has the value true if all elements of MASK are true or if
MASK has size zero, and the result has value false if any element of MASK is false.
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Case (ii):

Examples.

Case (i):

Case (ii):
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If MASK has rank one, ALL (MASK, DIM) has a value equal to that of ALL (MASK).
Otherwise, the value of element (s, s2, ..., Spinvi-1. SpiM+1, ---s Su) Oof ALL (MASK,
DIM) iS equal to ALL (MASK (Sl, $3, «o., SDIM—~1+ 3 SDIM+1s ---+ S ))

The value of ALL ((/ . TRUE., .FALSE., .TRUE. /)) is false.

135
246

035

It B is the array { 7 4 8

} and C is the array { } then ALL (B .NE. C,

8.13.9 ALLOCATED (ARRAY)
Description.
Class. Inquiry function.

Argument. ARRAY must be an allocatable array.

Result Type, Type Parameter, and Shape. Default logical scalar.

8.13.10 ANINT (A, KIND)
Optional Argument. KIND
Description.

Class. Elemental function.

Arguments.
A must be of.ty/pe real.
KIND (optional) must be a“scalar integer initialization expression.

3.13.11 ANY (MASK, DIM)
Optional Argument. DIM

Description.

DIM = 1) 1s jtrue, ralse, talse] and ALL (b .NE. U, DIM = Z)1s [talse, ralse].

Indicate whether or not an allocatable array is currently allocated.

Result Value. The result has the value true if ARRAY is currently\allocated and has the value false
if ARRAY is not currently allocated. The result is undefined (if the allocation status (14.8) of the
array is undefined.

Nearest whole number.

Result Type and Type Parameter. The result is of type real. If KIND is present, the kind type
parameter is that specified by KIND; otherwise, the kind type parameter is that of A.

Result Value. If A > 0, ANINT (A) has the value AINT (A + 0.5); if A <0, ANINT (A)| has the
value AINT (A=20.5).

Examples. “ANINT (2.783) has the value 3.0. ANINT (-2.783) has the value -3.0.

Determine whether any value is true in MASK along dimension DIM.

Class. Transformational function.

Arguments.
MASK must be of type logical. It must not be scalar.
DIM (optional) must be scalar and of type integer with a value in the range 1 < DIM < n,

where n is the rank of MASK. The corresponding actual argument must not
be an optional dummy argument.
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Result Type, Type Parameter, and Shape. The result is of type logical with the same kind type
parameter as MASK. It is scalar if DIM is absent or MASK has rank one; otherwise, the result is
an array of rank n —1 and of shape (d,, d5, ..., dpmm-1. dpim+1, - d,) where (d,, d,, ..., d,) is
the shape of MASK.

Result Value.

Case (i): The result of ANY (MASK) has the value true if any element of MASK is true and has
the value false if no elements are true or if MASK has size zero.

Case (ii): If MASK has rank one, ANY (MASK, DIM) has a value equal to that of

ANY (MASK). Utherwise, the value of element (s, 5S>, ..., SpIM—1, SDIM 1, ---/ 5,/ Of
ANY (MASK, DIM) is equal to ANY (MASK (s}, S5, ..., SpIM=1. 5 SDIM 41 ---0 Su)).

Examples.

Case {i): The value of ANY ({(/ .TRUE., .FALSE., .TRUE. /)) is true.

135
Case (ii):  If B is the array {2 4 6} and C is the array {7 4 g| ANY (B .NE.€/DIM = 1) is
[true, false, true] and ANY (B .NE. C, DIM = 2) is [true, true}.
13.13.12 ArlN (X)
Description. Arcsine (inverse sine) function.

Class.| Elemental function.
Argument. X must be of type real. Its value must satisfy the inequality |X| < 1.
Resuly Type and Type Parameter. Same as X.

Resultl Value. The result has a value equal to a progessor-dependent approximation to arcsin{X),
exprelsed in radians. It lies in the range — 7 /2 < ASIN (X) < = /2.

Example. ASIN (0.84147098) has the value 1.0 (approximately).

13.13.13 ASSOCIATED (POINTER, TARGET)

198

Optiohal Argument. TARGET

Description. Returns the assdciation status of its pointer argument or indicates the pointer is
associpted with the target.

Class.| Inquiry functiory
Arguments.

POINTER must be a pointer and may be of any type. lIts pointer association status must
not be undefined.

TARQET (optional) must be a pointer or target. If it is a pointer, its pointer association status
must not be undefined.

Result Type. The result is of type default logical.
Result Value.

Case (i): If TARGET is absent, the result is true if POINTER is currently associated with a
target and false if it is not.

Case (ii): If TARGET is present and is a target, the result is true if POINTER is currently
associated with TARGET and false if it is not.
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Case (iii): 1f TARGET is present and is a pointer, the result is true if both POINTER and
TARGET are currently associated with the same target, and is false otherwise. If either
POINTER or TARGET is disassociated, the result is false.

Examples. ASSOCIATED (CURRENT, HEAD) is true if CURRENT points to the target HEAD.
After the execution of

A_PART => A (:N)

ASSOCIATED (A_PART, A) is true if N is equal to UBOUND (A, DIM = 1). After the execution
of

NULLIFY (CUR); NULLIFY (TOP)
ASSOCIATED (CUR, TOP) is false.

13.14 ATAN (X)
Description. Arctangent (inverse tangent) function.
Class. Elemental function.
Argument. X must be of type real.
Result Type and Type Parameter. Same as X.

Result Value. The result has a value equal to a processor-dependent approximation to ardtan(X),
expressed in radians, that lies in the range —7/2 < ATAN/(X) < «/2.

Example. ATAN (1.5574077) has the value 1.0 (approximately).

13.15 ATAN2 (Y, X)

Description. Arctangent (inverse tangent)Zfunction., The result is the principal value |of the
argument of the nonzero complex number-X, Y). '

Class. Elemental function.

Arguments.
Y must be of type real.
X must )be of the same type and kind type parameter as Y. If Y has the value

zero, X must not have the value zero.
Result Type and Type Parameter. Same as X.

Result Value:~ The result has a value equal to a processor-dependent approximation to the pfincipal
value of the-argument of the complex number (X, Y), expressed in radians. It lies in th¢ range
—7 < ATAN2 (Y, X) =7 and is equal to a processor-dependent approximation to a vplue of
arctan{¥/X) if X # 0. If Y > 0, the result is positive. If Y =0, the result is zero if X > 0 and the
result'is m if X < 0. If Y < 0, the result is negative. If X =0, the absolute value of the result iis w/2.

Examples. ATAN2 (1.5574077, 1.0) has the value 1.0 (approximately). If Y has the value

_1 1 and X has the value {_1 1J the value of ATAN2 (Y, X) is approximately
37 k3

4 4

—3r =

4 4
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13.13

.16 BIT_SIZE ()

Description. Returns the number of bits s defined by the model of 13.5.7.

Class. Inquiry function.

Argument. I must be of type integer.

Result Type, Type Parameter, and Shape. Scalar integer with the same kind type parameter as I.

Result Value. The result has the value of the number of bits s in the model integer defined for bit
manipulation contexts in 13.5.7.

Exam]l»le. BIT_SIZE (1) has the value 32 if s in the model is 32.

13.13.17 BJEST (I, POS)

Description. Tests a bit of an integer value.

Class.| Elemental function.

Argurnents.
1 must be of type integer.
POS must be of type integer. It must be nonnegative andbe less than BIT_SIZE (I).

Result Type. The result is of type default logical.

Result Value. The result has the value true if bit POS of | has the*value 1 and has the value false if
bit PQOS of I has the value 0. The model tor the interpretation ot an integer value as a sequence of
bits i in 13.5.7.

1 2
Examples. BTEST (8, 3) has the value true. If A has,the value {3 4} , the value of BTEST (A, 2)

false true false false

false false
is

true false
and the value of BTEST (2, A)"1s

13.13.18 QEILING (A)

Description. Returns the least jnteger greater than or equal to its argument.

Class| Elemental function.

Argument. A must be of\type real.
Result Type and Type Parameter. Default integer.

Result Value. ,The result has a value equal to the least integer greater than or equal to A. The
result] is undefined if the processor cannot represent this value in the default integer type.

Examiples:. 'CEILING (3.7) has the value 4. CEILING (-3.7) has the value -3.

13.13.19 CHAR (|, KIND)

200

Optional Argument. KIND

Description. Returns the character in a given position of the processor collating sequence associated
with the specified kind type parameter. It is the inverse of the function ICHAR.

Class. Elemental function.
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Arguments.

I must be of type integer with a value in the range 0 = 1< n —1, where n is the
number of characters in the collating sequence associated with the specified
kind type parameter.

KIND (optional) must be a scalar integer initialization expression.

Result Type and Type Parameters. Character of length one. If KIND is present, the kind type

parameter is that specified by KIND; otherwise, the kind type parameter is that of default
type.

character

3.13.20 CMPLX (X, Y, KIND)

13.13.21 CONJG (Z)

Result Value. The result is the character in position | of the collating sequence associated
specified kind type parameter. ICHAR (CHAR (I, KIND (C))) must have the-val
0=<l=n-—1 and CHAR (ICHAR (C), KIND (C)) must have the value C for any chi
capable of representation in the processor.

Example. CHAR (88) has the value "X’ on a processor using the ASCII collating’sequence.

Optional Arguments. Y, KIND
Description. Convert to complex type.

Class. Elemental function.

Arguments.

X must be of type integer, real, ‘or’complex.

Y (optional) must be of type integer orreal. It must not be present if X is of type
KIND (optional) must be a scalar integer initialization expression.

Result Type and Type Parameter. The tesult is of type complex. If KIND is présent, the
parameter is that specified by KIND \otherwise, the kind type parameter is that of default 1

Result Value. If Y is absent andX is not complex, it is as if Y were present with the valu
Y is absent and X is complex;-it is as if Y were present with the value AIMAG (X). CMP
KIND) has the complex ‘valie whose real part is REAL (X, KIND) and whose imagina
REAL (Y, KIND).

Example. CMPLX (3) has the value (-3.0, 0.0).

Description? Conjugate of a complex number.
Class) ‘Elemental function.

Argument. Z must be of type complex.

with the
ue [ for
aracter C

romplex.

kind type
eal type.

b zero. If
[X (X, Y,
y part is

Result Type and Type Parameter. Same as Z.

Result Value. If Z has the value (x, y), the result has the value (x, —y).
Example. CON]JG ((2.0, 3.0)) has the value (2.0, -3.0).

13.13.22 COS (X)

Description. Cosine function.

Class. Elemental function.
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Argument. X must be of type real or complex.

Result Type and Type Parameter. Same as X.

Result
is of t
asav

Value. The result has a value equal to a processor-dependent approximation to cos(X). If X
ype real, it is regarded as a value in radians. If X is of type complex, its real part is regarded
alue in radians.

Example. COS (1.0) has the value 0.54030231 (approximately).

13.13.23 COSH (X) |

Description. Hyperbolic cosine function.

Class.

Elemental function.

Argunment. X must be of type real.

Result
Result

Type and Type Parameter. Same as X.

Value. The result has a value equal to a processor-dependent approximatiorito cosh(X).

Example. COSH (1.0) has the value 1.5430806 (approximately).

13.13.24 CJOUNT (MASK, DIM)

202

Optio

hal Argument. DIM

Description. Count the number of true elements of MASK along:dimension DIM.

Class.| Transformational function.

Argurents.

MASK must be of type logical. It mustthot be scalar.

DIM {optional) must be scalar and of typeyinteger with a value in the range 1 < DIM <,

where n is the rank of MASK. The corresponding actual argument must not
be an optional dummy'argument.

Resul Type, Type Parameter, and Shape:” The result is of type default integer. It is scalar it DIM is

absen

or MASK has rank one; otherivise, the result is an array of rank n —1 and of shape (d,, .

veey d[le_l, leM+1l very d”) where (dl, d:, ceny d,,) 1s the shape Of MASK
Resulf Value.

Case

i): The result, -0f €OUNT (MASK) has a value equal to the number of true elements of
MASK orhas the value zero if MASK has size zero.

Case (ii): If MASK has rank one, COUNT (MASK, DIM) has a value equal to that of
COUNT (MASK). Otherwise, the value of element (s, s, ..., Spiv—1, SDIM4+1r oo 50)
of 'COUNT (MASK, DIM) is equal to COUNT (MASK (s, Sa, ..., Spint -1 5 SO+ 10
o S)).
Examples:

Case (i): The value of COUNT ({/ .TRUE., .FALSE., .TRUE. /})) is 2.

35
Case (ii): If B is the array {2 4 6} and C is the array {7 48

135
, COUNT (B .NE. C,

DIM = 1) is [2, 0, 1] and COUNT (B .NE. C, DIM = 2) is [1, 2].
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Description. Perform a circular shift on an array expression of rank one or perform circular shifts
on all the complete rank one sections along a given dimension of an array expression of rank two or
greater. Elements shifted out at one end of a section are shifted in at the other end. Different
sections may be shifted by different amounts and in different directions.

Class. Transformational function.

Arguments.
ARRAY may be of any type. It must not be scalar.
SHIFT must be of type integer and must be scalar if ARRAY has rankrone; ofherwise,

DIM (optional)

it must be scalar or of rank n —1 and of shape (d;, d,, ..COdpmn-1.|dpinv+

., d,) where (d,, d,, ..., d,) is the shape of ARRAY.

must be a scalar and of type integer with a value irthe range 1 < I}IM = #,

where n is the rank of ARRAY. If DIM is omittéd,, it is as if it werg present

with the value 1.

Result Type, Type Parameter, and Shape. The result is of the type.and type parameters of ARRAY,

and has the shape of ARRAY.

Result Value.

Case (i): If ARRAY has rank one, element i of thesresult is ARRAY (1 + MODULO (i + SHIFT
- 1, SIZE (ARRAY))).

Case (ii): If ARRAY has rank greater than one? section (s, s», ..., SpiM-1. * SDIM+1, -, Su) Of
the result has a value equal to CSHIFT (ARRAY (s, 55, .... SpiM=1. 5, SDIM 414 -+--" s,.),
1, sh), where sh is SHIFT or. SHIFT (s, s5. ..., SpiM—1. SDiM+1, -+ Su).

Examples.

Case (i): If Vis the array [1, 2/-3, 4, 5, 6], the effect of shifting V circularly to the leff by two
positions is achieved'by CSHIFT (V, SHIFT = 2) which has the value [3, 4, 56, 1, 2];
CSHIFT (V, SHIET = -2) achieves a circular shift to the right by two positions and
has the value'{s,’6, 1, 2, 3, 4].

Case (ii): The rows“of an array of rank two may all be shifted ’by the same amount or by

123
différent amounts. If M is the array (4 S5 6|, the value of CSHIFT (M,
7 89
312
SHIFT = -1, DIM = 2) is 6 4 5!, and the value of CSHIFT (M, $HIFT =
9 7 8
i 312
tH—=t-1+-67PM—=—211564—
780
13.13.26 DATE_AND_TIME (DATE, TIME, ZONE, VALUES)
Optional Arguments, DATE, TIME, ZONE, VALUES
Description. Returns data on the real-time clock and date in a form compatible with the

representations defined in [SO 8601:1988.
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Class. Subroutine.

Arguments.

DATE (optional)

must be scalar and of type default character, and must be of length at least 8
in order to contain the complete value. It is an INTENT (OUT) argument. lts

‘leftmost 8 characters are set to a value of the form CCYYMMDD, where CC is

the century, YY the year within the century, MM the month within the year,
and DD the day within the month. If there is no date available, they are set to
blank. '

TIMH {optional)
ZONE (optional)

VALUES (optional)

VIALUES (1)
VIALUES (2)
VIALUES (3)
VIALUES (4)

VIALUES (5)
VIALUES (6)

VIALUES (7)
VIALUES (8)

Example.

must be scalar and ot type detault character, and must be of length at least IU
in order to contain the complete value. It is an INTENT (OUT) argument. (s
leftmost 10 characters are set to a value of the form hhimmss.sss, where i) is
the hour of the day, mm is the minutes of the hour, and ss.sss is the~seconds
and milliseconds of the minute. If there is no clock available, they'are set to

blank.

must be scalar and of type default character, and must be of length at least 5
in order to contain the complete value. It is an INTENT (QUT) argument. lts
leftmost 5 characters are set to a value of the form #hlwnm, where hhh and
mm are the time difference with respect to CoordinatedUniversal Time (UTC)
in hours and parts of an hour expressed in minutes,(respectively. If there is no
clock available, they are set to blank.

must be of type default integer and of rank one. It is an INTENT (OUT)
argument. Its size must be at least 8. The'values returned in VALUES are as
follows:

the year (for example, 1990), or ~-HUGE (0) if there is no date available;
the month of the year, or -HUGE (0) if there is no date available;
the day of the month, or -HUGE (0) if there is no date available;

the time difference. with respect to Coordinated Universal Time (UTC) in
minutes, or -HUGE (0) if this information is not available;

the hour of thetday, in the range of 0 to 23, or -HUGE (0) if there is no clock;

the minutes_of the hour, in the range 0 to 59, or ~-HUGE (0) if there is no
clock;

the seconds of the minute, in the range 0 to 60, or ~-HUGE (0) if there is no
clock;

the milliseconds of the second, in the range O to 999, or ~-HUGE (0) if there is
no clock.

INTEGER DATE_TIME (8)
LCHARACTER—(LEN-=10) BIG_BEN(3)

CALL DATE_AND_TIME (BIG_EEN (1), BIG_BEN (2), &

BIG_BEN (3), DATE_TIME)

if called in Geneva, Switzerland on 1985 April 12 at 15:27:35.5 would have assigned the value
19850412 to BIG_BEN (1), the value 152735.500 to BIG_BEN (2), and the value + 0100 to BIG_BEN
(3), and the following values to DATE_TIME: 1985, 4, 12, 60, 15, 27, 35, 500.

Note that UTC is defined by CCIR Recommendation 460-2 (and is also known as Greenwich Mean

Time).
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13.13.27 DBLE (A)
Description. Convert to double precision real type.
Class. Elemental function.
Argument. A must be of type integer, real, or complex.
Result Type and Type Parameter. Double precision real.
Result Value.
Case (i): If A is of type double precision real, DBLE (A) = A.

Case (ii): If A is of type integer or real, the result is as much precision of the significant part of
A as a double precision real datum can contain.

Case (iii): 1t A is of type complex, the result is as much precision of the sigfificant pdrt of the
real part of A as a double precision real datum can contain.

Example. DBLE (-3) has the value -3.0D0.

3.13.28 DIGITS (X)

Description. Returns the number of significant digits in the model representing numbers of[the same
type and kind type parameter as the argument.

Class. Inquiry function.
Argument. X must be of type integer or real. It may\be'scalar or array valued.
Result Type, Type Parameter, and Shape. Default integer scalar.

Result Value. The result has the value g it X<is of type integer and p if X is of type real| where g
and p are as defined in 13.7.1 tor the modélP representing numbers of the same type and kind type
parameter as X. ‘

Example. DIGITS (X) has the value*24’for real X whose model is as at the end of 13.7.1.

3.13.29 DIM (X, Y)
Description. The difference X-Y if it is positive; otherwise zero.

Class. Elemental function.

Arguments.
X must be of type integer or real.
Y must be of the same type and kind type parameter as X.

Result Type and Type Parameter. Same as X.
Result Value. The value of the result is X-Y if X > Y and zero otherwise.

Example. DIM (-3.0, 2.0) has the value 0.0.

13.13.30 DOT_PRODUCT (VECTOR_A, VECTOR_B)
Description. Performs dot-product multiplication of numeric or logical vectors.
Class. Transformational function.
Arguments.

VECTOR_A must be of numeric type (integer, real, or complex) or of logical type. It must
be array valued and of rank one.

205


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

13.13.31

VECTOR_B must be of numeric type if VECTOR_A is of numeric type or of type logical if

VECTORL_A is of type logical. It must be array valued and of rank one. It
must be of the same size as VECTOR_A.

Result Type, Type Parameter, and Shape. If the arguments are of numeric type, the type and kind
type parameter of the result are those of the expression VECTOR_A * VECTOR_B determined by
the types of the arguments according to 7.1.4. If the arguments are of type logical, the result is of

type

logical with the kind type parameter of the expression VECTOR_A .AND. VECTOR_B

according to 7.1.4. The result is scalar.

Result Value.

Case

Case

Case

i): If VECTOR_A is of type integer or real, the result has the value SUM
(VECTOR_A*VECTOR_B). If the vectors have size zero, the result has the value zero:

ii): If VECTOR_A is of type complex, the result has the value SUM _(CONJIG
(VECTOR_A)*VECTOR_B). If the vectors have size zero, the result has-the value
zero.

iii): If VECTOR_A is of type logical, the result has the value ANY (VECTOR_A .AND.
VECTOR_B). If the vectors have size zero, the result has the valuefalse.

Example. DOT_PRODUCT ((/ 1, 2, 3 /), {/ 2, 3, 4 /)) has the value 20.

Des
Class.

1PROD (X, Y)
cr

ption. Double precision real product.

Elemental function.

Arguments.

X
Y

must be of type default real.

must be of type default real.

Resul{ Type and Type Parameters. Double precision real.

Resulf Value. The result has a value equal*to a processor-dependent approximation to the product
of Xgnd Y.

Example. DPROD (-3.0, 2.0) has-the value -6.0DO0.

13.13.32 €

206

Optio

Descr
on all

OSHIFT (ARRAY, SHIFT,"BOUNDARY, DIM)
nal Arguments. BOUNDARY, DIM

ption. Performan end-off shift on an array expression of rank one or perform end-off shifts
the complete-rank-one sections along a given dimension of an array expression of rank two or

greatdr. Elemeénts ‘are shifted off at one end of a section and copies of a boundary value are shifted

in at the other end. Different sections may have different boundary values and may be shifted by
differ¢nt amounts and in different directions.

Class.—Tramsformationat-furnction:

Arguments.

ARRAY may be of any type. It must not be scalar.

SHIFT must be of type integer and must be scalar if ARRAY has rank one; otherwise,

it must be scalar or of rank n —1 and of shape (d,, d3. ..., dppi-1. doni+
..., d,) where (d,, d;, ..., d,) is the shape of ARRAY.
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BOUNDARY (optional)

must be of the same type and type parameters as ARRAY and must be scalar if
ARRAY has rank one; otherwise, it must be either scalar or of rank n —1 and
of shape (dy, d3, ..., dpm-1, dpM+1, .-, d,). BOUNDARY may be omitted
for the data types in the following table and, in this case, it is as if it were
present with the scalar value shown.

Type of ARRAY  Value of BOUNDARY

DIM (optional)

ARRAY.

Examples.

spi+sl, spiv+rs -

array
DIM =

BOUNDARY = (/% /", '7 /), DIM = 2) is [

Integer 0

Real 0.0
Complex (0.0, 0.0)
Logical false
Character (len) len blanks

must be scalar and of type integer with a value in~the range 1 < [PIM < #,
where n is the rank of ARRAY. If DIM is omitted; it is as if it were present
with the value 1.

Result Type, Type Parameter, and Shape. The result has the typ€ ) type parameters, and shape of

Result Value. Element (s;, s, ..., s,) of the result has~the value ARRAY (s;, s,, ....[spm-1.
... 5,) where sh is SHIFT or SHIFT €9,,"5,, ..., SpiM—1- SDIM+1+ ---» Su
the inequality LBOUND (ARRAY, DIM) < sppy + sh = UBOUND (ARRAY, DIM) holds and is
otherwise BOUNDARY or BOUNDARY (54, 53, ....SPIM—~1, SDIM+1s «-++ Su)-

brovided

p—

Case (i): If V is the array [1, 2, 3, 4,.5:6], the effect of shifting V end-off to the left by 3
positions is achieved by\VEOSHIFT (V, SHIFT = 3) which has the value
[4, 5, 6, 0, 0, 0]; EOSHIFT (V, SHIFT = -2, BOUNDARY = 99) achieves an end-off
shift to the right by\2. positions with the boundary value of 99 and has the value
(99,99, 1, 2, 3, 4}

Case (ii): The rows of, an array of rank two may all be shifted by the same amount or by
different aptounts and the boundary elements can be the same or different. If [M is the

A-B C
D E F |, then the value of EOSHIFT (M, SHIFT = -1, BOUNDARY = "#’,
G H I

2) is , and the value of EOSHIFT (M, SHIFT = (/ -1, 1, 0 /),

* *® %
O T »
T m ™

13.13.33 EPSILON (X)

-

O m
T o
e~ ™
[

Description. Returns a positive model number that is almost negligible compared to unity in the
model representing numbers of the same type and kind type parameter as the argument.

Class. Inquiry function.

Argument. X must be of type real. It may be scalar or array valued.
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Result Type, Type Parameter, and Shape. Scalar of the same type and kind type parameter as X.

Result Value. The result has the value b!™" where b and p are as defined in 13.7.1 for the model
representing numbers of the same type and kind type parameter as X.

Example. EPSILON (X) has the value 272’ for real X whose model is as at the end of 13.7.1.

13.13.34 EXP (X)

Description. Exponential.

ental function

ent. X must be of type real or complex.

t Value. The result has a value equal to a processor-dependent approximation to ¢ If X is of
type complex, its imaginary part is regarded as a value in radians.

Example. EXP (1.0) has the value 2.7182818 (approximately).

13.13.35 EXPONENT (X)

Description. Returns the exponent part of the argument when representedas a model number.
Clasq. Elemental function.

Argument. X must be of type real.

Reth Type. Default integer.

Result Value. The result has a value equal to the exponent e of the model representation (13.7.1)
for the value of X, provided X is nonzero and e is within the range for default integers. The result
is unldefined if the processor cannot represent e in the default integer type. EXPONENT (X) has the
valu¢ zero if X is zero.

Exanpples. EXPONENT (1.0) has the value’l-and EXPONENT (4.1) has the value 3 for reals whose
model is as at the end of 13.7.1.

13.13.36 FLOOR (A)

Description. Returns the greatest-integer less than or equal to its argument.
Class. Elemental function,

Argument. A must beCof-type real.

Result Type and Type' Parameter. Default integer.

Resullt Value.(The result has value equal to the greatest integer less than or equal to A. The result
is unidefinedsifsthe processor cannot represent this value in the default integer type.

Examples:. ' FLOOR (3.7) has the value 3. FLOOR (-3.7) has the value -4.

13.13.37 FRACTION (X)

208

Description. Returns the fractional part of the model representation of the argument value.
Class. Elemental function.

Argument. X must be of type real.

Result Type and Type Parameter. Same as X.
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Result Value. The result has the value X X b ¢, where b and e are as defined in 13.7.1 for the

model representation of X. If X has the value zero, the result has the value zero.

Example. FRACTION (3.0) has the value 0.75 for reals whose model is as at the end of 13.7.1.

13.13.38 HUGE (X)

—

1

Description. Returns the largest number in the model representing numbers of the same
kind type parameter as the argument.

Class. Inquiry function

type and

3.13.39 IACHAR (C)

3.13.40 IAND (1, J)

Result Type and Type Parameter Same as |

Argument. X must be of type integer or real. It may be scalar or array valued.

Result Type, Type Parameter, and Shape. Scalar of the same type and kind type paramieter(as X.

Result Value. The result has the value r7—1 if X is of type integer and (1—b /)b if X i3 of type
real, where r, g, b, p, and e,,,, are as defined in 13.7.1 for the model representing numbefs of the

same type and kind type parameter as X.

Example. HUGE (X) has the value (1—27%%)X2'¥ for real X whose model is as at the end of 13.7.1.

Description. Returns the position of a character in the ASCIl collating sequence.
Class. Elemental function.

Argument. C must be of type default character and of‘length one.

Result Type and Type Parameter. Default integers

Result Value. If C is in the collating sequénce defined by the codes specified in 1SO
(International Reference Version), the result is the position of C in that sequence and sat
inequality (0 < IACHAR (C) = 127). ~A processor-dependent value is returned’if C is n
ASCII collating sequence. The results are consistent with the LGE, LGT, LLE, and LL

$46:1983
sfies the
t in the
[ lexical

comparison functions. For example, if LLE (C, D) is true, IACHAR (C) .LE. IACHAR (I}) is true

where C and D are any two characters representable by the processor.

Example. IJACHAR ('X’) Has the value 88.

Description. Performs a logical AND.

Class. Elemental function.

Arguments.
1 must be of type integer.
J must be of type integer with the same kind type parameter as 1.

Result Value. The result has the value obtained by combining ! and ] bit-by-bit according to the

following truth table:

I J IAND(L ]

O O =
O O -
O OO =
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The model for the interpretation of an integer value as a sequence of bits is in 13.5.7.

Example. IAND (1, 3) has the value 1.

13.13.41 IBCLR (I, POS)

Description. Clears one bit to zero.

Class. Elemental function.

Arguments.
1 must be of type integer.
POS must be of type integer. It must be nonnegative and less than BIT_SIZE (-

Resulf Type and Type Parameter. Same as [.

Result Value. The result has the value of the sequence of bits of I, except that bit POS\oF!I is set to
zero. | The model for the interpretation of an integer value as a sequence of bits is in(13.5.7.

Examples. IBCLR (14, 1) has the result 12. If V has the value [1, 2,3,°4], the value of
IBCLR (POS = V, I = 31) is (29, 27, 23, 15].

13.13.42 IBITS (I, POS, LEN)

Descriiption. Extracts a sequence of bits.

Class| Elemental function.

Arguments.

I must be of type integer.

POS must be of type integer. It must’be nonnegative and POS + LEN must be less
than or equal to BIT_SIZE (I).

LEN must be of type integersand nonnegative.

Resull Type and Type Parameter. Same¢ as 1.

Resulf Value. The result has the value-of the sequence of LEN bits in I beginning at bit POS right-
adjusted and with all other bitszero. The model for the interpretation of an integer value as a
sequence of bits is in 13.5.7.

Example. IBITS (14, 1, 3)-has the value 7.

13.13.43 IBSET (I, POS)

210

Descriiption. Set§ one bit to one.

Class} Elemental function.

Arguments.
[ TMUSt be of (ype integer.
POS must be of type integer. It must be nonnegative and less than BIT_SIZE (I).

Result Type and Type Parameter. Same as [.

Result Value. The result has the value of the sequence of bits of I, except that bit POS of 1 is set to
one. The model for the interpretation of an integer value as a sequence of bits is in 13.5.7.

Examples. IBSET (12, 1) has the value 14. If V has the value [1, 2, 3, 4], the value of
IBSET (POS = V, I = 0)is [2, 4, 8, 16].
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13.13.44 ICHAR (C)

.

Description. Returns the position of a character in the processor collating sequence associa
the kind type parameter of the character.

Class. Elemental function.

ted with

Argument. C must be of type character and of length one. Its value must be that of a character

capable of representation in the processor.

Result Type and Type Parameter. Default integer.

8.13.45 IEOR (I, J)

Result Value. The result is the position of C in the processor collating sequence associated
kind type parameter of C and is in the range 0 < ICHAR (C) < n —1, where n is the'n

characters in the collating sequence. For any characters C and D capable of representatio
processor, C .LE. D is true if and only if ICHAR (C) .LE. ICHAR (D) is true and O\EQ. D
and only if ICHAR (C). EQ. ICHAR (D) is true.

Example. ICHAR ('X') has the value 88 on a processor using the ASCII collating sequencg
default character type.

Description. Performs an exclusive OR.

Class. Elemental function.

Arguments,
I must be of type integer.
J must be of type integer with the same kind type parameter as 1.

Result Type and Type Parameter. Same ascl;

ith the
mber of
n in the
s true if

for the

Result Value. The result has the value obtained by combining I and ] bit-by-Bit according to the
following truth table:
I J IEOR]
1 1 0
1 0 1
0 1 1
0 0 0
The model,for the interpretation of an integer value as a sequence of bits is in 13.5.7.
Example, "IEOR (1, 3) has the value 2.
8.13:46~INDEX (STRING, SUBSTRING, BACK)
Optional Argument. BACK
Description. Returns the starting position of a substring within a string.
Class. Elemental function.
Arguments.
STRING must be of type character.
SUBSTRING must be of type character with the same kind type parameter as STRING.

21


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

BACK (optional) must be of type logical.

Result Type and Type Parameter. Default integer.

Result Value.

Case (i): If BACK is absent or present with the value false, the result is the minimum positive

value of I such that STRING (I : I + LEN (SUBSTRING) - 1) = SUBSTRING or zero
if there is no such value. Zero is returned if LEN (STRING) < LEN (SUBSTRING)
and one is returned if LEN (SUBSTRING) = 0.

Casertii) L RACK ic ant with tha valio trio tha racult io tho maasioniie yolio o] loce than
i H—-BAKIs—Ppreseprt—with—he—varue—true—te— HS—h R =

or equal to LEN (STRING) - LEN (SUBSTRING) + 1 such that STRING (I : I + LEN
(SUBSTRING) - 1) = SUBSTRING or zero if there is no such value. Zero is retarned
if LEN (STRING) < LEN (SUBSTRING) and LEN (STRING) + 1 is returned-ifsLEN
(SUBSTRING) = 0.

Examples. INDEX (FORTRAN', 'R’) has the value 3.

IND

13.13.47

EX (FORTRAN’, 'R’, BACK = .TRUE.) has the value 5.

NT (A, KIND)

Optipnal Argument. KIND

Desgaription. Convert to integer type.

Clas$. Elemental function.

Argyments.
A must be of type integer, real, or conrplex.
KIND (optional) must be a scalar integer initialization expression.

Result Type and Type Parameter. Integer. If KIND is present, the kind type parameter is that

spec

Cas

fied by KIND; otherwise, the kind type parameter is that of default integer type.

Resllt Value.

(i): If A is of type integer, INT(A) = A.

Casq (ii):  If A is of type real there are two cases: if |A| <1, INT (A) has the value 0; if |A| =1,

INT (A) is the integer whose magnitude is the largest integer that does not exceed the
magnitude of A.ard whose sign is the same as the sign of A,

Casd (iii):  If A is of type complex, INT (A) is the value obtained by applying the case (ii) rule to

The

the real-part of A.

result is undefined if the processor cannot represent the result in the specified integer type.

Exarhple. INT\(-3.7) has the value -3.

13.13.48

IOR (I, J)

Description. Performs an inclusive OR.

Class. Elemental function.

Arguments.

1 must be of type integer.

] must be of type integer with the same kind type parameter as I.

Result Type and Type Parameter. Same as I.
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Result Value. The result has the value obtained by combining I and ] bit-by-bit according to the
following truth table:

I ] IOR(])
1 1 1
1 0 1
0 1 1
0 0 0

The model for the interpretation of an integer value as a sequence of bits is in 13.5.7.

Example. 1IOR (1, 3) has the value 3.

13.13.49 ISHFT (I, SHIFT)
Description. Performs a logical shift.

Class. Elemental function.

Arguments,
I must be of type integer.
SHIFT must be of type integer. The absolufe value of SHIFT must be lest than or

equal to BIT_SIZE (I).
Result Type and Type Parameter. Same as [.

Result Value. The result has the value obtained by shifting the bits of 1 by SHIFT posjtions. If
SHIFT is positive, the shift is to the left; if SHIFT is negative, the shift is to the right; and| if SHIFT
is zero, no shift is performed. Bits shifted out from the left or from the right, as approgriate, are
lost. Zeros are shifted in from the opposite end. The model for the interpretation of 3n integer
value as a sequence of bits is in 13.5.7.

Example. ISHFT (3, 1) has the résult 6.

13.13.50 (SHFTC (I, SHIFT, SIZE)
Optional Argument. SIZE
Description. Performs a circular shift of the rightmost bits.

Class. Elemental function.

Arguments,

1 must be of type integer.

SHIFT must be of type integer. The absolute value of SHIFT must be less than or
equal to SIZE.

SIZE (optienal) must-beof type-integer— The value of SIZE must be positive andImust not

exceed BIT_SIZE (I). If SIZE is absent, it is as if it were present with the value
of BIT_SIZE (D). .

Result Type and Type Parameter. Same as 1.

Result Value. The result has the value obtained by shifting the SIZE rightmost bits of I circularly by
SHIFT positions. If SHIFT is positive, the shift is to the left; if SHIFT is negative, the shift is to the
right; and if SHIFT is zero, no shift is performed. No bits are lost. The unshifted bits are
unaltered. The model for the interpretation of an integer value as a sequence of bits is in 13.5.7.
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Example. ISHFTC (3, 2, 3) has the value 5.

13.13.51 KIND (X)

Description. Returns the value of the kind type parameter of X.

Class.

Inquiry function.

Argument. X may be of any intrinsic type.

Result Type, Type Parameter, and Shape. Default integer scalar.

Resulf Value. The result has a value equal to the kind type parameter value ot X.

Exam

13.13.52 L

Optio

ble. KIND (0.0) has the kind type parameter value of default real.

BOUND (ARRAY, DIM)
hal Argument. DIM

Descrlption. Returns all the lower bounds or a specified lower bound of an array,.

Class.| Inquiry function.

Argurhents.

ARRAY may be of any type. It must not be scalar. It Gnust not be a pointer that is
disassociated or an allocatable array that is nef allocated.

DIM f[optional) must be scalar and of type integer with a’value in the range 1 < DIM < n,

where n is the rank of ARRAY. The corresponding actual argument must not
be an optional dummy argument.

Resuli Type, Type Parameter, and Shape. The result isof type default integer. 1t is scalar if DIM is
present; otherwise, the result is an array of rank one.ahd size 11, where 1 is the rank of ARRAY.

Resul] Value.

Case

Case

Exam

i): For an array section or for afijarray expression, other than a whole array or array
structure component, LBOUND (ARRAY, DIM) has the value 1; otherwise, it has a
value equal to the lower bound for subscript DIM of ARRAY if dimension DIM of
ARRAY does not havésize zero and has the value 1 if dimension DIM has size zero.

i) LBOUND (ARRAY) has a value whose ith component is equal to LBOUND (ARRAY,

i), for i = 1, 2(..), n, where n is the rank of ARRAY.
bles. If A is declafed by the statement
REAL A (2:3,).7:10)

then IBOUND(A) is {2, 7] and LBOUND (A, DIM=2) is 7.

13.13.53 LENASTRING)

214

Descr

ph’nn Returns the lpngfh of a character pnh'fy

Class. Inquiry function.

Argument. STRING must be of type character. It may be scalar or array valued.

Result Type, Type Parameter, and Shape. Default integer scalar.

Result Value. The result has a value equal to the number of characters in STRING if it is scalar or

in an

element of STRING if it is array valued.
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Example. If C is declared by the statement
CHARACTER (11) ¢ (10D
LEN (C) has the value 11.

13.13.54 LEN_IRIM (STRING)

Description. Returns the length of the character argument without counting trailing blank
characters.

rlacc. Elemental function

Argument, STRING must be of type character.
Result Type and Type Parameter. Default integer.

Result Value. The result has a value equal to the number of characters remaining) after any trailing
blanks in STRING are removed. If the argument contains no nonblank characters, the Jresult is
zero.

Examples. LEN_TRIM (" A B ) has the value 4 and LEN_TRIM (' . ‘)\ias the value 0.

—

3.13.55 LGE (STRING_A, STRING_B)

Description. Test whether a string is lexically greater than Or equal to another string, basefl on the
ASCII collating sequence.

Class. Elemental function.

Arguments.
STRING_A must be of type default character.
STRING_B must be of type default’ character.

Result Type and Type Parameters. Défault logical.

Result Value. If the strings are-gdf,unequal length, the comparison is made as if the shorter string
were extended on the right wifhjblanks to the length of the longer string. If either string cqntains a

character not in the ASCIL character set, the result is processor dependent. The result is true if the
strings are equal or if SFRING_A follows STRING_B in the ASCII collating sequence; ofherwise,
the result is false. Note-that the result is true if both STRING_A and STRING_B are of zerq length.

Example. LGE (QNE', TWQ') has the value false.

18.13.56 LGT (STRING_A, STRING _B)

Description. Test whether a string is lexically greater than another string, based on the ASCII
collafing sequence.

Class. Elemental function.

Arguments.
STRING_A must be of type default character.
STRING_B must be of type default character.

Result Type and Type Parameters. Default logical.

Result Value. If the strings are of unequal length, the comparison is made as if the shorter string
were extended on the right with blanks to the length of the longer string. If either string contains a
character not in the ASCII character set, the result is processor dependent. The result is true if
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STRING_A follows STRING_B in the ASCII collating sequence; otherwise, the result is false. Note
that the result is false if both STRING_A and STRING_B are of zero length.

Example. LGT (ONE’, 'TWO') has the value false.

13.13.57 LLE (STRING_A, STRING_B)

Description. Test whether a string is lexically less than or equal to another string, based on the
ASCII collating sequence.

Class. Elemental function.

Arguments.
STRING_A must be of type default character.
STRING_B must be of type default character.

Resu:[ Type and Type Parameters. Default logical.

Result Value. If the strings are of unequal length, the comparison is made as if\the shorter string
were |extended on the right with blanks to the length of the longer string. If either string contains a
character not in the ASCII character set, the result is processor dependent, CFhe result is true if the
strings are equal or if STRING_A precedes STRING_B in the ASCII collating sequence; otherwise,
the r¢sult is false. Note that the result is true if both STRING_A and STRING_B are of zero length.

Example. LLE (ONE’, 'TWQ’) has the value true.

13.13.58 LLT (STRING_A, STRING_B)

Desctiption. Test whether a string is lexically less than another string, based on the ASCII collating
sequgnce.

Clasd. Elemental function.

Arguments.
STRING_A must be of type default’character.
STRING_B must be of type default character.

Resujt Type and Type Parameters: ~Default logical.

Result Value. If the strings are/of unequal length, the comparison is made as if the shorter string
were| extended on the right'with blanks to the length of the longer string. If either string contains a
chargcter not in the ASCH character set, the result is processor dependent. The result is true if
STRING_A precedes”STRING_B in the ASCII collating sequence; otherwise, the result is false. Note
that the result is false'if both STRING_A and STRING_B are of zero length.

Example. LLT (JONE’, 'TWQO') has the value true.

13.13.59 [0G.(X)

216

Desc ipi;uu. }“]aiuxa} lusaxit}‘uu.
Class. Elemental function.

Argument. X must be of type real or complex. If X is real, its value must be greater than zero. If
X is complex, its value must not be zero.

Result Type and Type Parameter. Same as X.

Result Value. The result has a value equal to a processor-dependent approximation to log.X. A
result of type complex is the principal value with imaginary part w in the range —7 < w < . The
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imaginary part of the result is 7 only when the real part of the argument is less than zero and the
imaginary part of the argument is zero.

Example. LOG (10.0) has the value 2.3025851 (approximately).

13.13.60 LOGI10 (X)
Description. Common logarithm.
Class. Elemental function.
Result Type and Type Parameter. Same as X.
Result Value. The result has a value equal to a processor-dependent approximationtolog,oX.

Example. LOG10 (10.0) has the value 1.0 (approximately).

-—

B.13.61 LOGICAL (L, KIND)
Optional Argument. KIND
Description. Converts between kinds of logical.

Class. Elemental function.

Arguments.
L must be of type logical.
KIND (optional) must be a scalar integer initialization expression.

Result Type and Type Parameter. Logical. \If KIND is present, the kind type parametef is that
specified by KIND; otherwise, the kind typeparameter is that of default logical.

Result Value. The value is that of L.
Example. LOGICAL (L .OR. NOT: L) has the value true and is of type default logical, r¢gardless
of the kind type parameter of the.logical variable L.

18.13.62 MATMUL (MATRIX_ A, MATRIX_B)

Description. Performs matrix multiplication of numeric or logical matrices.

Class. Transformational function.

Arguments,

MATRIX<A must be of numeric type (integer, real, or complex) or of logical type.[ It must
be array valued and of rank one or two.

MATRIX_B must be of numeric type if MATRIX_A is of numeric type and of logjcal type

if MATRIX_A is of logical type. It must be array valued and of rank one or
two. If MATRIX_A has rank one, MATRIX_B must have rank [two. If
MATRIX_B has rank one, MATRIX_A must have rank two. The size of the
first (or only) dimension of MATRIX_B must equal the size of the last (or
only) dimension of MATRIX_A. '

Result Type, Type Parameter, and Shape. If the arguments are of numeric type, the type and kind
type parameter of the result are determined by the types of the arguments according to 7.1.4.2. If
the arguments are of type logical, the result is of type logical with the kind type parameter of the
arguments according to 7.1.4.2. The shape of the result depends on the shapes of the arguments as
follows:
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13.13.63

Case (i): If MATRIX_A has shape (1, m) and MATRIX_B has shape (in, k), the result has shape

(n, k).

Case (if): If MATRIX_A has shape (m) and MATRIX_B has shape (m, k), the result has shape

(k).

Case (iii):  If MATRIX_A has shape (n, m) and MATRIX_B has shape (m), the result has shape

(n).

Result Value.

MNAATIDLLY MNATDIN D/

Case

Case

Case

and |

Case

Case

Case

Opti
Descr
Class

l’/‘. EIC“[UIIL <l, j) Uf l}lC ltbull }ldb l}ltf leut SUI‘V{ (lVlnll\l/\_A (l’, .) e IVIZX T INTAATLT () /;) l{
the arguments are of numeric type and has the value ANY (MATRIX_A (i, :) .AND:
MATRIX_B (:, j)) if the arguments are of logical type.

i1): Element (j) of the result has the value SUM (MATRIX_A {(:) * MATRIX_B (., () if the
arguments are of numeric type and has the value ANY (MATRIX_A{Y .AND.
MATRIX_B (:, j)) if the arguments are of logical type.

iii):  Element (i) of the result has the value SUM (MATRIX_A (i, :) * MATRIX_B (:)) if the
arguments are of numeric type and has the value ANY (MATRIX_A (i, :) .AND.
MATRIX_B (:)) if the arguments are of logical type.

12
234

123
Examples. Let A and B be the matrices { } and |2 31!; letX and Y be the vectors [1, 2]

3 4
L, 2, 3].
i): The result of MATMUL (A, B) is the mafrix-matrix product AB with the value

14 20
20 29|

ii): The result of MATMUL (X, A)(s the vector-matrix product XA with the value

(5, 8, 11].
iii):  The result of MATMUL (A ,"Y) is the matrix-vector product AY with the value [14,
20].

TAX (Al, A2, A3, ..)

nal Arguments. A3\,
iption. Maximun-value.

Elemental fanction.

Arguents. The‘arguments must all have the same type which must be integer or real and they

must

Resul

all have the same kind type parameter.

Type and Type Parameter. Same as the arguments.

Result Value. The value of the result is that of the largest argument.

Exam

ple. MAX (-9.0, 7.0, 2.0) has the value 7.0.

13.13.64 MAXEXPONENT (X)

Description. Returns the maximum exponent in the model representing numbers of the same type
and kind type parameter as the argument.

218

Class

. Inquiry function.
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Argument. X must be of type real. [t may be scalar or array valued.
Result Type, Type Parameter, and Shape. Default integer scalar.

Result Value. The result has the value e,,,, as defined in 13.7.1 for the model representing numbers
of the same type and kind type parameter as X.

Example. MAXEXPONENT (X) has the value 127 for real X whose model is as at the end of 13.7.1.

13.13.65 MAXLOC (ARRAY, MASK)

e 1A L MNMAQSK
optronarrxrgamem T viz vol

Description. Determine the location of the first element of ARRAY having the maximiim Yalue of
the elements identified by MASK.

Class. Transformational function.

Arguments.

ARRAY must be of type integer or real. It must not be scalaw

MASK (optional)  must be of type logical and must be conformablé with ARRAY.

Result Type, Type Parameter, and Shape. The result is of type default integer; it is an 4rray of
rank one and of size equal to the rank of ARRAY.

Result Value.

Case (i): If MASK is absent, the result is a rank-one array whose element values are the¢ values
of the subscripts of an element of ARRAY whose value equals the maximum Yalue of
all of the elements of ARRAY. The%th subscript returned lies in the range [l to e,
where e; is the extent of the ith dimension of ARRAY. If more than one elenfent has
the maximum value, the element whose subscripts are returned is the finst such
element, taken in array element order. If ARRAY has size zero, the value of the result
is processor dependent.

Case (ii): If MASK is present,.the result is a rank-one array whose element values are the values
of the subscripts ¢f an element of ARRAY, corresponding to a true element of MASK,
whose value equals the maximum value of all such elements of ARRAY. [[he ith
subscript retfirned lies in the range 1 to e; where ¢; is the extent of the ith dimepsion of
ARRAY .~lf-more than one such element has the maximum value, the elemen} whose
subscripts-are returned is the first such element taken in array element order. [If there
are mo-such elements (that is, if ARRAY has size zero or every element of MASK has
the value false), the value of the result is processor dependent.

An element of the result is undefined if the processor cannot represent the value as a default [nteger.

Examples.

Case(1): The value of MAXLOC ((/ 2, 6, 4, 6 /)) is [2].

[0 —5 8 —3]
Case (ii): If A has the value |3 4 —1 21, MAXLOC (A, MASK = A .LT. 6) has the
1 5 6 —14
value [3, 2]. Note that this is true even if A has a declared lower bound other than 1.

13.13.66 MAXVAL (ARRAY, DIM, MASK)
Optional Arguments. DIM, MASK

Description. Maximum value of the elements of ARRAY along dimension DIM corresponding to
the true elements of MASK.
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Class. Transformational function.

Arguments.
ARRAY must be of type integer or real. It must not be scalar.
DIM (optional) must be scalar and of type integer with a value in the range 1 < DIM =< #n,

where n is the rank of ARRAY. The corresponding actual argument must not
be an optional dummy argument.

MASK (optional)  must be of type logical and must be conformable with ARRAY.

Resulf Type, Type Parameter, and Shape. Ihe result 1s of the same type and Kind type parameter

as ARRAY. It is scalar if DIM is absent or ARRAY has rank one; otherwise, the result is an array

of rank n —1 and of shape (d. d2, ..., dom-1, dpima1, ..., d,) where (dy, d;, ..., d,) is the shape
of ARRAY.

Result Value.

Case [i): The result of MAXVAL (ARRAY) has a value equal to the maximum(value of all the
elements of ARRAY or has the value of the negative number of the largest magnitude
supported by the processor for numbers of the type and kind\type parameter of
ARRAY if ARRAY has size zero.

Case|(ii):  The result of MAXVAL (ARRAY, MASK = MASK) has a value equal to the
maximum value of the elements of ARRAY correspondin(g to true elements of MASK
or has the value of the negative number of the largest magnitude supported by the
processor for numbers of the type and kind type parameter of ARRAY if there are no
true elements.

Case|(iii):  1f ARRAY has rank one, MAXVAL (ARRAY,"\DIM {,MASK]) has a value equal to that
of MAXVAL (ARRAY [ MASK = MASK]). Otherwise, the value of element (s;, s,,

. SDIM—1, SDIM+1. ---» S of MAXVAL (ARRAY, DIM [MASK]) is equal to
MAXVAL (ARRAY (54, s5, ..., Spiu™1. & SpDIM4 1 -+ S), [, MASK = MASK (s, s,,
crr) SDIM=1/ % SDIM41+ -+ Sa) 1 ).

Examples.

Case|(i): The value of MAXVAL ((/ T, 2, 3 /)) is 3.

Casel(ii): MAXVAL (C, MASK.= C .LT. 0.0) finds the maximum of the negative elements of C.

135

Case|(iii): 1 B is the array 24 6l MAXVAL (B, DIM = 1) is [2, 4, 6] and MAXVAL (B,

DIM = 2)4s [5, 6].
13.13.67 MERGE (TSOURCE, FSOURCE, MASK)
Desctription.<:€hoose alternative value according to the value of a mask.

Class|. Elemental function.

Arguments.

TSOURCE
FSOURCE
MASK

may be of any type.
must be of the same type and type parameters as TSOURCE.

must be of type logical.

Result Type and Type Parameters. Same as TSOURCE.
Result Value. The result is TSOURCE if MASK is true and FSOURCE otherwise.
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(165

032
Examples. If TSOURCE is the array [2 46

7 4 8

, FSOURCE is the array { } and MASK is

T.T
the array [ T} , where "T” represents true and “.” represents false, then MERGE (TSOURCE,

135

FSOURCE, MASK) is {7 46

} . The value of MERGE (1.0, 0.0, K > 0) is 1.0 for K = 5 and 0.0

for K = -2.

1313.68 MIN (Al, A2, A3, ..)
Optional Arguments. A3, ...
Description. Minimum value.
Class. Elemental function.

Arguments. The arguments must all be of the same type which must Be integer or real apd they
must all have the same kind type parameter.

Result Type and Type Parameter. Same as the arguments.
Result Value. The value of the result is that of the smallest argument.

Example. MIN (-9.0, 7.0, 2.0) has the value -9.0.

13.13.69 MINEXPONENT (X)

Description. Returns the minimum (most negative) exponent in the model representing numbers of
the same type and kind type parameter as the argument.

Class. Inquiry function.
Argument. X must be of type real. It<mlay be scalar or array valued.
Result Type, Type Parameter, and Shape. Default integer scalar.

Result Value. The result has the“value e ., as defined in 13.7.1 for the model representing rfumbers
of the same type and kind.type parameter as X.

Example. MINEXPONENT (X) has the value ~126 for real X whose model is as at the end of|13.7.1.

13.13.70 MINLOC (ARRAY, MASK)
Optional Argument. MASK

Description. Determine the location of the first element of ARRAY having the minimum yalue of
the eléments identified by MASK.

Class. Transformational function.

Arguments.

ARRAY must be of type integer or real. It must not be scalar.
MASK (optional)  must be of type logical and must be conformable with ARRAY.

Result Type, Type Parameter, and Shape. The result is of type default integer; it is an array of
rank one and of size equal to the rank of ARRAY.

Result Value.

Case (i): If MASK is absent, the result is a rank-one array whose element values are the values
of the subscripts of an element of ARRAY whose value equals the minimum value of
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all the elements of ARRAY. The ith subscript returned lies in the range 1 to e;, where
e; is the extent of the ith dimension of ARRAY. If more than one element has the
minimum value, the element whose subscripts are returned is the first such element,
taken in array element order. If ARRAY has size zero, the value of the result is
processor dependent.

Case (ii): If MASK is present, the result is a rank-one array whose element values are the values

of the subscripts of an element of ARRAY, corresponding to a true element of MASK,
whose value equals the minimum value of all such elements of ARRAY. The ith
subscript returned lies in the range 1 to e;, where ¢; is the extent of the ith dimension of

AKKAY. I more than one such element has the mimimum value, the element whose
subscripts are returned is the first such element taken in array element order. CIf
ARRAY has size zero or every element of MASK has the value false, the value of-the
result is processor dependent.

An eleément of the result is undefined if the processor cannot represent the value as a default integer.

Exam

Case

bles.

i): The value of MINLOC ((/ 4, 3, 6, 3 /)) is [2].

0 -5 8 —3

Case (ii): If A has the value |3 4 -1 21, MINLOC (A, MASK = A .GT. -4) has the
1 5 6 —4
value [1, 4]. Note that this is true even if A has a declared lower bound other than 1.

13.13.71 ?L:NVAL (ARRAY, DIM, MASK)

Optional Arguments. DIM, MASK

Description. Minimum value of all the elements of ARRAY along dimension DIM corresponding to

true ejements of MASK.

Class| Transformational function.

Arguments.

ARRAY must be of type.integer or real. It must not be scalar.

DIM [optional) must be scalar and of type integer with a value in the range 1 <= DIM = 5,

222

where n is.the rank of ARRAY. The corresponding actual argument must not
be an-optional dummy argument.

MASK (optional)  must'be of type logical and must be conformable with ARRAY.

Resull Type, Type(Parameter, and Shape. The result is of the same type and kind type parameter
as ARRAY. It is\scalar if DIM is absent or ARRAY has rank one; otherwise, the result is an array
of rank n —1'and of shape (d,, d,, ..., dpmi-1. donasy, -, d,) where (dy, dy, ..., d,) is the shape
of ARAY

Resulf Value.

Case (i): The result of MINVAL (ARRAY) has a value equal to the minimum value of all the

elements of ARRAY or has the value of the positive number of the largest magnitude
supported by the processor for numbers of the type and kind type parameter of
ARRAY if ARRAY has size zero.

Case (ii): The result of MINVAL (ARRAY, MASK = MASK) has a value equal to the minimum

value of the elements of ARRAY corresponding to true elements of MASK or has the
value of the positive number of the largest magnitude supported by the processor for
numbers of the type and kind type parameter of ARRAY if there are no true elements.
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Case (iti):  If ARRAY has rank one, MINVAL (ARRAY, DIM [,MASK]) has a value equal to that
of MINVAL (ARRAY [, MASK = MASK]). Otherwise, the value of element (s, s,
ceer SDIM=1, SDIM+1/ ---» Si) of MINVAL (ARRAY, DIM [,MASK]) is equal to MINVAL
(ARRAY (Slr 53, ooy SDIM=1+ :y SDIM+1r +++r 5,,) [, MASK= MASK (51, 53, «-+y SDIM -1/
L SDIM+17 e S”) ] )

Examples.

Case (i): The value of MINVAL ((/ 1, 2, 3 /)) is 1.

Case (ii):  MINVAL (C, MASK = C .GT. 0.0) forms the minimum of the positive elements of C.

13

13

13.72 MOD (A, P)

135
Case (iii): If B is the array ’\2 4 6J, MINVAL (B, DIM = 1) is [1, 3, 5] and MINVAL (B,

DIM = 2)is (1, 2].

Description. Remainder function.

Class. Elemental function.

Arguments.
A must be of type integer or real.
P must be of the same type and kind type parameter as A.

Result Type and Type Parameter. Same as A.

P = 0, the result is processor dependent.

Result Value. If P # 0, the value of the result is AZINT (A/P) * P. If P = 0, the result is pfocessor

dependent.

Examples. MOD (3.0, 2.0) has the valu¢’1.0 (approximately). MOD (8, 5). has the value 3.

MOD (-8, 5) has the value -3. MOD (8,725) has the value 3. MOD (-8, -5) has the value 3.

.13.73 MODULO (A, P)

Description. Modulo function.

Class. Elemental function:

Arguments.

A must be of type integer or real.

P must be of the same type and kind type parameter as A.

Result Type and Type Parameter. Same as A.

Result\Value.

Case (i): A is of type integer. If P # 0, MODULO (A, P) has the value R sych that
A = Q X P + R, where Q is an integer, the inequalities 0 < R < P hold iff P > 0,
and P = R =0 holdif P= ot P =0 the result is processor dependent:

Case (ii): A is of type real. If P # 0, the value of the result is A - FLOOR (A /P)*DP. If

Examples. MODULO (8, 5) has the value 3. MODULO (-8, 5) has the value 2. MODULO (8, -5)

has the value -2. MODULO (-8, -5) has the value -3.
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13.13.74 MVBITS (FROM, FROMPOS, LEN, TO, TOPOS)

Description. Copies a sequence of bits from one data object to another.
Class. Elemental subroutine.

Arguments.

FROM must be of type integer. It is an INTENT (IN) argument.

FROMPOS must be of type integer and nonnegative. It is an INTENT (IN) argument.
FROMPOS + LEN must be less than or equal to BIT_SIZE (FROM). The

model for the interpretation of an INIEger value as a Sequence of Dits 15 im
13.5.7.

LEN must be of type integer and nonnegative. It is an INTENT (IN) argument:

TO must be a variable of type integer with the same kind type parametéryvalue as
FROM and may be the same variable as FROM. It is an INTENF (INOUT)
argument. TO is set by copying the sequence of bits of length(LEN, starting at
position FROMPOS of FROM to position TOPOS of TO.’{No other bits of
TO are altered. On return, the LEN bits of TO starting”at: TOPOS are equal
to the value that the LEN bits of FROM starting at FEROMPOS had on entry.
The model for the interpretation of an integer value*as'a sequence of bits is in
13.5.7.

TOPDS must be of type integer and nonnegative. /lt\is an INTENT (IN) argument.
TOPOS + LEN must be less than or equalito'BIT_SIZE (TO).

Examjple. If TO has the initial value 6, the value of TO after the statement CALL MVBITS (7, 2, 2,
TO, p) is 5.

13.13.75 NEAREST (X, S)

Desctiption. Returns the nearest different machine representable number in a given direction.

Clasd. Elemental function.

Arguments.
X must be of typereal.
S must be éf type real and not equal to zero.

Result Type and Type Parameter. Same as X.

Result Value. The restlb has a value equal to the machine representable number distinct from X and
neargst to it in the-direction of the infinity with the same sign as S.

Example. NEAREST (3.0, 2.0) has the value 342722 on a machine whose representation is that of
the model at-th€ end of 13.7.1.

13.13.76 NINT (A, KIND)

224

Optional Argument. KIND
Description. Nearest integer.

Class. Elemental function.

Arguments.
A must be of type real.
KIND (optional) must be a scalar integer initialization expression.
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Result Type and Type Parameter. Integer. If KIND is present, the kind type parameter is that
specified by KIND; otherwise, the kind type parameter is that of default integer type.

Result Value. If A > 0, NINT (A) has the value INT (A+0.5); if A <0, NINT (A) has the value
INT (A-0.5). The result is undefined if the processor cannot represent the result in the specified
integer type.

Example. NINT (2.783) has the value 3.

13.13.77 NOT ()

Description. Pertorms a logical complement.

Class. Elemental function.
Argument. | must be of type integer.
Result Type and Type Parameter. Same as .

Result Value. The result has the value obtained by complementing I bit-by-bit according to the
following truth table:

I NOT (D
1 0
0 1

The model for the interpretation of an integer valuecas)a sequence of bits is in 13.5.7.

Example. If I is represented by the string of bits 01010101, NOT (I) has the binary value 10701010.

3.13.78 PACK (ARRAY, MASK, VECTOR)
Optional Argument. VECTOR
Description. Pack an array into aparray of rank one under the control of a mask.

Class. Transformational function:

Arguments.
ARRAY may be of any type. It must not be scalar.
MASK must be of type logical and must be conformable with ARRAY.

VECTOR (opfiehal) must be of the same type and type parameters as ARRAY and must hgve rank
one. VECTOR must have at least as many elements as there are true ¢lements
in MASK. If MASK is scalar with the value true, VECTOR must havq at least
as many elements as there are in ARRAY.

Result Type, Type Parameter, and Shape. The result is an array of rank one with the sae type
and type parameters as ARRAY. If VECTOR is present, the result size is that of VECTOR;
i ize i i i ith the

value true, in which case the result size is the size of ARRAY.

Result Value. Element i of the result is the element of ARRAY that corrésponds to the ith true
element of MASK, taking elements in array element order, for i = 1,2,...,t. If VECTOR is
present and has size n > t, element i of the result has the value VECTOR (i), fori =t +1, ..., n.

00O
Examples. The nonzero elements of an array M with the value {9 0 0| may be “gathered” by the
007
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function PACK. The result of PACK (M, MASK = M .NE. 0) is [9, 7] and the result of PACK (M,
M .NE. 0, VECTOR = (/ 2, 4, 6, 8,10, 12 /) is [9, 7, 6, 8, 10, 12].

13.13.79 PRECISION (X)

Description. Returns the decimal precision in the model representing real numbers with the same
kind type parameter as the argument.

Class. Inquiry function.

Argument. X must be of type real or complex. It may be scalar or array valued.

Result Type, Type Parameter, and Shape. Default integer scalar.

Result Value. The result has the value INT ((p —1) * LOGI10 (b)) + k, where b and p aredas
defindd in 13.7.1 for the model representing real numbers with the same value for the kind. type
paranjeter as X, and where k is 1 if b is an integral power of 10 and 0 otherwise.

Example. PRECISION (X) has the value INT (23 * LOG10 (2.)) = INT (6.92...) .= 6 for real X
whos¢ model is as at the end of 13.7.1.

13.13.80 PRESENT (A)

Descrfption. Determine whether an optional argument is present.
Class| Inquiry function.

Argument. A must be an optional argument of the procedure ‘in which the PRESENT function
referepce appears.

Result Type and Type Parameters. Default logical scalar.

Result Value. The result has the value true if A is present (12.5.2.8) and otherwise has the value
false.

13.13.81 I;EODUCT (ARRAY, DIM, MASK)

226

Optignal Arguments. DIM, MASK

Descrfption. Product of all the elements of ARRAY along dimension DIM corresponding to the true
elemepts of MASK.

Class| Transformational function.

Argumnents.
ARRAY must be of type integer, real, or complex. It must not be scalar.
DIM [(optional) must be scalar and of type integer with a value in the range 1 = DIM = #,

where n is the rank of ARRAY. The corresponding actual argument must not
be an optional dummy argument.

MASK foptional)  must be of type logical and must be conformable with ARRAY.

Result Type, Type Parameter, and Shape.” 1he result 15 of the same type and Kind type parameter
as ARRAY. It is scalar if DIM is absent or ARRAY has rank one; otherwise, the result is an array
of rank n —1 and of shape (dq, d5, ..., dpm—1. dpim+r, ..., 4,) where (dy, d,, ..., d,) is the shape
of ARRAY.

Result Value.

Case (i): The result of PRODUCT (ARRAY) has a value equal to a processor-dependent
approximation to the product of all the elements of ARRAY or has the value one if
ARRAY has size zero.
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1313.83 RANDOM_NUMBER (HARVEST)

13.82 RADIX (X)

Case (ii):  The result of PRODUCT (ARRAY, MASK = MASK) has a value equal to a
processor-dependent approximation to the product of the elements of ARRAY
corresponding to the true elements of MASK or has the value one if there are no true
elements.

Case (iii):  If ARRAY has rank one, PRODUCT (ARRAY, DIM [,MASK]) has a value equal to
that of PRODUCT (ARRAY [, MASK = MASK ]). Otherwise, the value of element
(51, S2, -+., SDIM—1+ SDIM+1, --+» Sy of PRODUCT (ARRAY DIM [,MASK]) is equal to
PRODUCT (ARRAY (Slr 55, «e, SDIM—1/ s SDIM+1s +++s Sy [, MASK = MASK (51, 59,

- SDIM=1  SDIM+1s -+ Su) 1 ).

Examples.

Case (i): The value of PRODUCT ((/ 1, 2, 3 /)) is 6.

Case (ii): PRODUCT (C, MASK = C .GT. 0.0) forms the product of the positiy€)elementf of C.

Case (iii): If B is the array { } PRODUCT (B, DIM =1) is {2,612, 3

PRODUCT (B, DIM ) is [15, 48].

D] and

Description. Returns the base of the model representing nummbers of the same type and kind type

parameter as the argument.

Class. Inquiry function.

Argument. X must be of type integer or real. It may be scalar or array valued.

Result Type, Type Parameter, and Shape. Default integer scalar.

Result Value. The result has the value r ifX is of type integer and the value b if X is of ty

be real,

where r and b are as defined in 13.7.1~for the model representing numbers of the same type and

kind type parameter as X.
Example. RADIX (X) has the value2 for real X whose model is as at the end of 13.7.1.

Description. Returns ©ne’ pseudorandom number or an array of pseudorandom numbers fi
uniform distributioriover the range 0 < x < 1.

Class. Subroutine-

Argument,~ HARVEST must be of type real. It is an INTENT (OUT) argument. It may be

om the

h scalar

or an array variable. It is set to contain pseudorandom numbers from the uniform distribyition in

the inferval 0 <= x < 1.

Examples.

REAL X, Y €10, 10

I Initialize X with a pseudorandom number

CALL RANDOM_NUMBER (HARVEST = X)

CALL RANDOM_NUMBER (Y)

I X and Y contain uniformly distributed random numbers

13.13.84 RANDOM_SEED (SIZE, PUT, GET)

Optional Arguments. SIZE, PUT, GET
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Description. Restarts or queries the pseudorandom number generator used by

RANDOM_NUMBER.
Class. Subroutine.

Arguments. There must either be exactly one or no arguments present.

SIZE (optional) must be scalar and of type default integer. It is an INTENT (OUT) argument.
It is set to the number N of integers that the processor uses to hold the value
of the seed.

PUT i i ize—= N
INTENT (IN) argument. It is used by the processor to set the seed value.

GET [(optional) must be a default integer array of rank one and size = N. It jsVan
INTENT (OUT) argument. It is set by the processor to the current walue of
the seed.

If no fargument is present, the processor sets the seed to a processor-dependent value;
Examjples.

CALL RANDOM_SEED

CALL RANDOM_SEED (SIZE = K)

CALL RANDOM_SEED (PUT = SEED (1 : K))
CALL RANDOM_SEED (GET = OLD (1 : K))

Processor initialization
Sets K =N

Set user seed

Read current.$eed

13.13.85 RANGE (X)

Desctiption. Returns the decimal exponent range in the model representing integer or real numbers
with the same kind type parameter as the argument.

Classl Inquiry function.
Argument. X must be of type integer, real, or complex. It may be scalar or array valued.
ResuI Type, Type Parameter, and Shape. Default integer scalar.

Result Value.

Case|(i): For an integer argument, the result has the value INT (LOG10 (huge)), where huge is
the largest positive(integer in the model representing integer numbers with same kind
type parameter as X (13.7.1).

Case|(ii): For a real or.complex argument, the result has the value INT (MIN (LOGI10 (huge),
-LOGI10 (tiny))), where huge and tiny are the largest and smallest positive numbers in

the mode) representing real numbers with the same value for the kind type parameter
as X (13:7.1).

Example. RANGE (X) has the value 38 for real X whose model is as at the end of 13.7.1, since in
this dase huge = (1—27%*) X 2' and tiny = 27'%,

13.13.86 REAL (A KIND)
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Optional Argument. KIND
Description. Convert to real type.
Class. Elemental function.
Arguments.

A must be of type integer, real, or complex.
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KIND (optional) must be a scalar integer initialization expression.

Result Type and Type Parameter. Real.

Case (1): If A is of type integer or real and KIND is present, the kind type parameter is that
specified by KIND. If A is of type integer or real and KIND is not present, the kind
type parameter is the processor-dependent kind type parameter for the default real

type.

Case (ii): If Ais of type complex and KIND is present, the kind type parameter is that specified

by KIND. If A is of type complex and KIND is not present, the kind type para

meter is

the kind type parameter of A.

Result Value.

Case (i): If A is of type integer or real, the result is equal to a progessor-dg
approximation to A.

Case (ii): If A is of type complex, the result is equal to a processor-dependent approxim
the real part of A.

Examples. REAL (-3) has the value -3.0. REAL (Z) has the same kind)type parameter and

value as the real part of the complex variable Z.

8.13.87 REPEAT (STRING, NCOPIES)

Description. Concatenate several copies of a string.

Class. Transformational function.

Arguments.

STRING must be scalar and of type character.

NCOPIES must be scalar and of type integer. Its value must not be negative.

Result Type, Type Parameter, and Shape. Character scalar of length NCOPIES times

STRING, with the same kind type\parameter as STRING.
Result Value. The value of theTesult is the concatenation of NCOPIES copies of STRING.

Examples. REPEAT ('H%'2) has the value HH. REPEAT ('XYZ’, 0) has the value of a zer
string.

3.13.88 RESHAPE (SOURCE, SHAPE, PAD, ORDER)

Optional Afguments. PAD, ORDER

Description. Constructs an array of a specified shape from the elements of a given array.

Class.. Y Transformational function.

pendent

ation to

he same

that of

o-length

Arguments.

SOURCE may—beof any type— It mustbe—array vatued—HPAD—isabsent—or of size
zero, the size of SOURCE must be greater than or equal to
PRODUCT (SHAPE). The size of the result is the product of the values of the
elements of SHAPE.

SHAPE must be of type integer, rank one, and constant size. Its size must be positive
and less than 8. It must not have an element whose value is negative.

PAD (optional) must be of the same type and type parameters as SOURCE. PAD must be

array valued.
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ORDER (optional) must be of type integer, must have the same shape as SHAPE, and its value
must be a permutation of (1, 2, ..., n), where n is the size of SHAPE. If
absent, it is as if it were present with value (1, 2, ..., n).

Result Type, Type Parameter, and Shape. The result is an array of shape SHAPE (that is,
SHAPE (RESHAPE (SOURCE, SHAPE, PAD, ORDER)) is equal to SHAPE) with the same type and
type parameters as SOURCE.

Result Value. The elements of the result, taken in permuted subscript order ORDER (1), ...,
ORDER (n), are those of SOURCE in normal array element order followed if necessary by those of
PAD in array element order, followed if necessary by additional copies of PAD in array element

order

1 35
Examples. RESHAPE ((/1, 2, 3, 4, S5, 6/), (/2. 3/) has the value {2 4 6J'

1234
RESHAPE ((/ 1, 2, 3,4,5,6 /), (/2,4 /),(/0,0/), (/2,1/)) has the value {5 600 0} :

13.13.89 RRSPACING (X)

Descrfption. Returns the reciprocal of the relative spacing of model numbers near the argument
value

Class| Elemental function.
Argument. X must be of type real.
Resulf{ Type and Type Parameter. Same as X.

Resulf Value. The result has the value | X X b ™¢| X kX, where b, e, and p are as defined in 13.7.1
for thie model representation of X.

Example. RRSPACING (-3.0) has the value 075 X 22 for reals whose model is as at the end of
13.7.1.

13.13.90 BCALE (X, 1)
Descrjption. Returns X X b' wheréb:is the base in the model representation of X.

Class| Elemental function.

Arguments,
X mUst be of type real.
[ must be of type integer.

Resull Type and, Type Parameter. Same as X.

Resull Value. The result has the value X X b!, where b is defined in 13.7.1 for model numbers
representing values of X, provided this result is within range; if not, the result is processor

dependent.
Example. SCALE (3.0, 2) has the value 12.0 for reals whose model is as at the end of 13.7.1.

13.13.91 SCAN (STRING, SET, BACK)
Optional Argument. BACK

Description. Scan a string for any one of the characters in a set of characters.
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Class. Elemental function.

Arguments.
STRING must be of type character.
SET must be of type character with the same kind type parameter as STRING.

BACK (optional) must be of type logical.

Result Type and Type Parameter. Default integer.
Result Value

Case (i): If BACK is absent or is present with the value false and if STRING contains [at least

one character that is in SET, the value of the result is the position ef“the leftmost
character of STRING that is in SET.

Case (ii): If BACK is present with the value true and if STRING contains,at_least one character
that is in SET, the value of the result is the position of the rightmost character of
STRING that is in SET.

Case (iii):  The value of the result is zero if no character of STRING)is in SET or if the lgngth of
STRING or SET is zero.

Examples.

Case (i): SCAN (FORTRAN’, ‘'TR’) has the value 3.

Case (i1): SCAN (FORTRAN’, TR, BACK = .TRUE.) has the value 5.
Case (iii):  SCAN ('FORTRAN'’, '‘BCD’) has the value 0.

13.13.92 SELECTED_INT_KIND (R)

Description. Returns a value of the kind\type parameter of an integer data type that repregents all
integer values n with —108 < n < 10X

Class. Transformational furction,
Argument. R must be scalar and of type integer.
Result Type, Type Parameter, and Shape. Default integer scalar.

Result Value. The résult has a value equal to the value of the kind type parameter of an integer
data type that represents all values n in the range of values n with —10% < n < 10R, or if ho such
kind type paraméter is available on the processor, the result is -1. If more than one kihd type
parameter meets the criteria, the value returned is the one with the smallest decimal exponenft range,
unless there are several such values, in which case the smallest of these kind values is returnefd.

Example! SELECTED_INT_KIND (6) has the value KIND (0) on a machine that supports a default
integer representation method with r = 2 and g = 31.

3.13:93 SELECTED_REAL_KIND (P, R)
Optional Arguments. P, R

Description. Returns a value of the kind type parameter of a real data type with decimal precision
of at least P digits and a decimal exponent range of at least R.

Class. Transformational function.
Arguments. At least one argument must be present.

P (optional) must be scalar and of type integer.
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R (optional) must be scalar and of type integer.
Result Type, Type Parameter, and Shape. Default integer scalar.

Result Value. The result has a value equal to a value of the kind type parameter of a real data type
with decimal precision, as returned by the function PRECISION, of at least P digits and a decimal
exponent range, as returned by the function RANGE, of at least R, or if no such kind type
parameter is available on the processor, the result is -1 if the precision is not available, -2 if the
exponent range is not available, and -3 if neither is available. If more than one kind type parameter
value meets the criteria, the value returned is the one with the smallest decimal precision, unless

Exanpple. SELECTED_REAL_KIND (6, 70) has the value KIND (0.0) on a machine that supports, a

ther:;l_m_;everal such values, in which case the smallest of these kind values is returned.
defaylt real approximation method with b = 16, p = 6, e, = -64, and e, = 63.

13.13.94 BET_EXPONENT (X, 1)

Descfiption. Returns the model number whose fractional part is the fractional part of the model
reprgsentation of X and whose exponent part is I.

Clas§. Elemental function.

Argyments.
X must be of type real.
1 must be of type integer.

Result Type and Type Parameter. Same as X.

Result Value. The result has the value X X b!7¢, where. & and e are as defined in 13.7.1 for the
modpl representation of X, provided this result is within range; if not, the result is processor
depepdent. If X has value zero, the result has value zero.

Example. SET_EXPONENT (3.0, 1) has the valte 1.5 for reals whose model is as at the end of
13.7]1.

13.13.95 SHAPE (SOURCE)

Description. Returns the shape of_an.array or a scalar.
Class. Inquiry function.

Argyment. SOURCE may be’ of any type. It may be array valued or scalar. It must not be a
pointer that is disassociated or an allocatable array that is not allocated. It must not be an
assumed-size array.

Resuft Type, Type(Parameter, and Shape. The result is a default integer array of rank one whose
size {s equal to the rank of SOURCE.

Resuflt Value; The value of the result is the shape of SOURCE.

Examples.” The value of SHAPE (A (2:5, -1:1) ) is [4, 3]. The value of SHAPE (3) is the rank-one
array of SiZe Zero.

13.13.96 SIGN (A, B)
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Description. Absolute value of A times the sign of B.

Class. Elemental function.
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Arguments.
A must be of type integer or real.
B must be of the same type and kind type parameter as A.

Result Type and Type Parameter. Same as A.
Result Value. The value of the result is |A| if B =0 and -|A] if B < 0.
Example. SIGN (-3.0, 2.0) has the value 3.0.

J 397 SINTX)
Description. Sine function.
Class. Elemental function.
Argument. X must be of type real or complex.
Result Type and Type Parameter. Same as X.
Result Value. The result has a value equal to a processor-dependent approximation to sin(X). If X
is of type real, it is regarded as a value in radians. If X is of type complex, its real part is jegarded
as a value in radians.
Example. SIN (1.0) has the value 0.84147098 (approximately),
3.13.98 SINH (X)

3.13.99 SIZE (ARRAY, DIM)

Description. Hyperbolic sine function.

Class. Elemental function.

Argument. X must be of type real.

Result Type and Type Parameter. Same as X.
Result Value. The result has a value equal to a processor-dependent approximation to sinh()X).

Example. SINH (1.0) has the value 1.1752012 (approximately).

Optional Argument. (DIM

Description. Returns the extent of an array along a specified dimension or the total number of
elements in the‘array.

Class. Inquiry function.

Arguments.

ARRAY may be of any type. It must not be scalar. It must not be a pointer that is
disassociated or an allocatable array that is not allocated. If ARRAYY is an
assumed-size array, DIM must be present with a value less than the |rank of
ARRAY.

DIM (optional) must be scalar and of type integer with a value in the range 1 < DIM =< n,

where n is the rank of ARRAY.
Result Type, Type Parameter, and Shape. Default integer scalar.

Result Value. The result has a value equal to the extent of dimension DIM of ARRAY or, if DIM is
absent, the total number of elements of ARRAY.

Examples. The value of SIZE (A (2:5, -1:1), DIM=2) is 3. The value of SIZE (A (2:5, -1:1) ) is 12.
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13.13.100 SPACING (X)

Description. Returns the absolute spacing of model numbers near the argument value.
Class. Elemental function.

Argument. X must be of type real.

Result Type and Type Parameter. Same as X.

Result Value. The result has the value b°™", where b, e, and p are as defined in 13.7.1 for the
model representation of X, provided this result is within range; otherwise, the result is the same as

that of TINY (X).
Example. SPACING (3.0) has the value 2% for reals whose model is as at the end of 13.7.1.

13.13.101 BPREAD (SOURCE, DIM, NCOPIES)

Description. Replicates an array by adding a dimension. Broadcasts several copies of SOURCE
along p specified dimension (as in forming a book from copies of a single page) and-thus forms an
array pf rank one greater.

Class.| Transformational function.

Argunents.

SOURICE may be of any type. It may be scalar or array(valued. The rank of SOURCE
must be less than 7.

DIM must be scalar and of type integer withtvalue in the range 1 <= DIM <n +1,
where n is the rank of SOURCE.

NCOHRIES must be scalar and of type integer,

Result| Type, Type Parameter, and Shape. The result is an array of the same type and type
paramgters as SOURCE and of rank n +1, where# is the rank of SOURCE.

Case (}): If SOURCE is scalar, the shape of:the result is (MAX (NCOPIES, 0)).

Case (}i): If SOURCE is array valued(with shape (d,, d,, ..., d,), the shape of the result is (d,,
d,, ..., dpm—1, MAX (NCOPIES, 0), dppm, ..., d,,).

Result|Value.
Case (}): If SOURCE is sealar, each element of the result has a value equal to SOURCE.

Case (fi): If SOURCE . is-array valued, the element of the result with subscripts (ry, 73, ..., 1, 4+1)
has the value’ SOURCE (rq, 75, ..., 'DIM~1, "DIM4+1/ ++-s Tn+1)-
2 3 4
Example. If Auisthe array [2, 3, 4], SPREAD (A, PIM=1, NCOPIES=NC) is the array |2 3 4
2 3 4

if NC has-the value 3 and is a zero-sized array if NC has the value 0.

13.13.102 SQRT (X)
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Description. Square root.
Class. Elemental function.

Argument. X must be of type real or complex. Unless X is complex, its value must be greater than
or equal to zero.

Result Type and Type Parameter. Same as X.
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Result Value. The result has a value equal to a processor-dependent approximation to the square
root of X. A result of type complex is the principal value with the real part greater than or equal to
zero. When the real part of the result is zero, the imaginary part is greater than or equal to zero.

Example. SQRT (4.0) has the value 2.0 (approximately).

13.13.103 SUM (

ARRAY, DIM, MASK)

Optional Arguments. DIM, MASK

Description.

Sum all the elements of ARRAY along dimension DIM corresponding to the true

Arguments.
ARRAY
DIM (option

Result Type,

elements of MASK.

Class. Transformational function.

must be of type integer, real, or complex. It must not be,s¢alar.

al) must be scalar and of type integer with a value in(the range 1 <D

M=n,

where n is the rank of ARRAY. The correspondingfactual argument niust not

be an optional dummy argument.

MASK (optional)  must be of type logical and must be conformable with ARRAY.

Type Parameter, and Shape. The result is of the same type and kind type pjrameter

as ARRAY. It is scalar if DIM is absent or ARRAY has_rank one; otherwise, the result is gn array

of rank n —1 and of shape (d, 45, ..., dpiv-1, dpiMsa. .., d,) where (dy, d,, ..., d,) is the shape

of ARRAY.

Result Value.

Case (1): The result of SUM (ARRAY) has a value equal to a processor-dependent
approximation to the sum ofZall the elements of ARRAY or has the value|zero if
ARRAY has size zero.

Case (ii):  The result of SUM (ARRAY, MASK = MASK) has a value equal to a prpcessor-
dependent approximation to the sum of the elements of ARRAY corresponding to the
true elements of MASK or has the value zero if there are no true elements.

Case (iii): If ARRAY has\rank one, SUM (ARRAY, DIM [,MASK]) has a value equal to| that of
SUM (ARRAY [[MASK = MASK ]). Otherwise, the value of element (s,|s,, ...,
SDIM—i» 5BIM+ 1, ---» Su) of SUM (ARRAY, DIM [, MASK]) is equal to SUM (ARRAY
(51, S/ e, SDIM~=1+ ‘v SDIM+1r -+ 5,,) {, MASK = MASK (51, 53, «««, SDIM~-1+ *+|SDIM+1-

s ).

Examples,

Case {i: The value of SUM ((/ 1, 2, 3 /)) is 6.

Case.(ii): SUM (C, MASK= C .GT. 0.0) forms the arithmetic sum of the positive elements of C.

{1 3 5]

LZ 46
{9, 12].

13.13.104 SYSTEM_CLOCK (COUNT, COUNT_RATE, COUNT_MAX)
Optional Arguments. COUNT, COUNT_RATE, COUNT_MAX

Description.

Returns integer data from a real-time clock.
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Class. Subroutine.

Arguments.

COUNT (optional) must be scalar and of type default integer. It is an INTENT (OUT) argument.

COUNT_RATE (optional)

COUNT_MAX (optional)

Exanjple. If the processor clock is a 24-hour clock that registers time in 1-second intervals, at 11:30

AM.

sets € = 11 X 3600 + 30 X 60 = 41400, R = 1, and M = 24 X{3600 - 1 = 86399.

13.13.105| TAN (X)
Desc
Clasq. Elemental function.
Argy
Resu

Result Value. The result has a value.equal to a processor-dependent approximation to tan(X), with
X regarded as a value in radians.

Exa

13.13.104
Desdg

Clas

It is set to a processor-dependent value based on the current value of the
processor clock or to ~-HUGE (0) if there is no clock. The processor-dependent
value is incremented by one for each clock count until the value
COUNT_MAX is reached and is reset to zero at the next count. It lies in the
range 0 to COUNT_MAX if there is a clock.

must be scalar and of type default integer. It is an INTENT (OUT) argumént.
It is set to the number of processor clock counts per second, or to zero if\there
is no clock.

must be scalar and of type default integer. It is an INTENT (©QUT) argument.
It is set to the maximum value that COUNT can have, or to{zero if there is no
clock.

he reference

CALL SYSTEM_CLOCK (COUNT = C, COUNT_RATE = R, COUNT-MAX = M)

ription. Tangent function.

ment. X must be of type real.

t Type and Type Parameter. Same .as.X.

ple. TAN (1.0) has the value 1.5574077 (approximately).

TANH (X)
ription. Hyperbolic tangent function.
5. Elementalfunction.

ment. X must be of type real.

t Type and Type Parameter. Same as X.

Example. TANH (1.0) has the value 0.76159416 (approximately).

13.13.107 TINY (X)

Description. Returns the smallest positive number in the model representing numbers of the same

type

and kind type parameter as the argument.

Class. Inquiry function.
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Argument. X must be of type real. It may be scalar or array valued.

Result Type, Type Parameter, and Shape. Scalar with the same type and kind type parameter as X.

Result Value. The result has the value b“"" ' where b and emin are as defined in 13.7.1
model representing numbers of the same type and kind type parameter as X.

Example. TINY (X) has the value 2 !%” for real X whose model is as at the end of 13.7.1.

13.13.108 TRANSFER (SOURCE, MOLD, SIZE)

for the

Description. Returns a result with a physical representation identical to that of SOUR
interpreted with the type and type parameters of MOLD.

Class. Transformational function.

Arguments.

SOURCE may be of any type and may be scalar or array valaéd.

MOLD may be of any type and may be scalar or array valued.

SIZE (optional) must be scalar and of type integer. The dorresponding actual argume

not be an optional dummy argument.

Result Type, Type Parameter, and Shape. The result isyof’ the same type and type paran
MOLD.

Case (i): If MOLD is a scalar and SIZE is absent, the result is a scalar.

Case (ii): If MOLD is array valued and SIZE is absent, the result is array valued and

one. Its size is as small as possible such that its physical representation is nof
than that of SOURCE.

Case (iii):  1f SIZE is present, the result is array valued of rank one and size SIZE.

Result Value. If the physical representation of the result has the same length as that of S(
the physical representation of(the result is that of SOURCE. If the physical representatio

CE but

nt must

eters as

of rank
shorter

DURCE,
n of the
that of

result is longer than that of SOURCE, the physical representation of the leading part is

SOURCE and the remainder is undefined. If the physical representation of the result is shoTer than

that of SOURCE, the/physical representation of the result is the leading part of SOURCE.

E are scalar variables such that the physical representation of D is as long as or longer thar
E, the value of TRANSFER (TRANSFER (E, D), E) must be the value of E. IF D is an array

an array of rank one, the value of TRANSFER (TRANSFER (E, D), E, SIZE (E)) must be t
of E.

Examples:

f D and
that of
and E is

e value

Case1): TRANSFER (1082130432, 0.0) has the value 4.0 on a processor that represents the

values 4.0 and 1082130432 as the string of binary digits 0100 0000 1000 0000 0(
0000 0000.

00 0000

Case (ij):  TRANSFER ((/ 1.1, 2.2, 3.3 /), (/ (0.0, 0.0) /)) is a complex rank-one array of length
two whose first element has the value (1.1, 2.2) and whose second element has a real

part with the value 3.3. The imaginary part of the second element is undefined

Case (iif):  TRANSEFER ((/ 1.1, 2.2, 3.3 /), (/ (0.0, 0.0) /), 1) has the value [1.1 + 2.2i].
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13.13.109 TRANSPOSE (MATRIX)

Description. Transpose an array of rank two.
Class. Transformational function.
Argument. MATRIX may be of any type and must have rank two.

Result Type, Type Parameters, and Shape. The result is an array of the same type and type
parameters as MATRIX and with rank two and shape (n, m) where (m, n) is the shape of
MATRIX.

Resulf—Vatue, —Element (7,7 of the tesult has the vatue MATRIX 7,7, 7T = L 27 T =
1,2, |., m

123 147
Example. If A is the array |4 5 6|, then TRANSPOSE (A) has the value |2 5 8

7 89 369

13.13.110 (TRIM (STRING)

Descriiption. Returns the argument with trailing blank characters removed.

Class| Transformational function.

Argur\ent. STRING must be of type character and must be a scalar’

Result Type and Type Parameters. Character with the same kind ‘type parameter value as STRING
and With a length that is the length of STRING less the number_ of trailing blanks in STRING.

Resull Value. The value of the result is the same as/STRING except any trailing blanks are
remoyed. If STRING contains no nonblank characters,\the result has zero length.

Example. TRIM (" A B ') has the value " A B'.

13.13.111 YBOUND (ARRAY, DIM)

238

Optignal Argument. DIM
Descriiption. Returns all the upper bounds of an array or a specified upper bound.

Class| Inquiry function.

Arguments.

ARRAY may. be of any type. It must not be scalar. It must not be a pointer that is
disassociated or an allocatable array that is not allocated. If ARRAY is an
assumed-size array, DIM must be present with a value less than the rank of
ARRAY.

DIM |(optional) must be scalar and of type integer with a value in the range 1 < DIM = n,

where n is the rank of ARRAY. The corresponding actual argument must not
be an optional dummy argument.

Result Type, Type Parameter, and Shape. The result is of type default integer. It is scalar if DIM is
present; otherwise, the result is an array of rank one and size n, where n is the rank of ARRAY.

Result Value.

Case (i): For an array section or for an array expression, other than a whole array or array
structure component, UBOUND (ARRAY, DIM) has a value equal to the number of
elements in the given dimension; otherwise, it has a value equal to the upper bound for
subscript DIM of ARRAY if dimension DIM of ARRAY does not have size zero and

has the value zero if dimension DIM has size zero.
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Case (i1): UBOUND (ARRAY) has a value whose ith component is equal to UBOUND (ARRAY,
i), fori = 1,2, ..., n, where n is the rank of ARRAY.

Examples. If A is declared by the statement
REAL A (2:3, 7:1D)
then UBOUND (A) is [3, 10] and UBOUND (A, DIM = 2) is 10.

13.13.112 UNPACK (VECTOR, MASK, FIELD)

Class. Transformational function.

Arguments.

VECTOR may be of any type. It must have rank one. Its size must’/be’at least t|where ¢
is the number of true elements in MASK.

MASK must be array valued and of type logical.

FIELD must be of the same type and type parameteérs)'as VECTOR and tfhust be

conformable with MASK.

Result Type, Type Parameter, and Shape. The result is anllarray of the same type apd type
parameters as VECTOR and the same shape as MASK.

Result Value. The element of the result that corresponds*to the ith true element of MASK, |n array
element order, has the value VECTOR (i) for i = 142))".., t, where t is the number of true vialues in
MASK. Each other element has a value equal toFIELD if FIELD is scalar or to the corresponding
element of FIELD if it is an array.

Examples. Specific values may be “scattered™to specific positions in an array by using UNPACK.

100 . T
If M is the array {0 1 01, V is thetarray (1, 2, 3], and Q is the logical mask | T . . || where
001 .o T
“T" represents true and “.” (represents false, then the result of UNPACK (V, MASK = Q,
T 20
FIELD = M) has the value* |1 1 0| and the result of UNPACK (V, MASK = Q, FIELD = 0) has
003
0 20,
the value |100y0
0/0 3

13.13.113 VERIFY (STRING, SET, BACK)
Optional Argument. BACK

Pescription—Verify that 3 set of charactars cgntains all the chargctare in o cteing by idantifiin the
HeserHpHop—y-ery—thata—Set—o—characters Aaths—aH—+hRe—charactersHh—a—SHRg—by—taents g

position of the first character in a string of characters that does not appear in a given set of
characters.

Class. Elemental function.

Arguments.
STRING must be of type character.
SET must be of type character with the same kind type parameter as STRING.
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BACK (optional) must be of type logical.

Result Type and Type Parameter. Default integer.

Result Value.

Case (i):

Case (ii):

If BACK is absent or present with the value false and if STRING contains at least one
character that is not in SET, the value of the result is the position of the leftmost
character of STRING that is not in SET. :

If BACK is present with the value true and if STRING contains at least one character
that is not in SET, the value of the result is the position of the rightmost character of

Case |(ii):

Case |(iii):

STRING that is not in SET.

The value of the result is zero if each character in STRING is in SET or if STRING has
zero length.

VERIFY (ABBA’, 'A’) has the value 2.
VERIFY (ABBA’, ‘A’, BACK = .TRUE.) has the value 3.
VERIFY (ABBA’, 'AB’) has the value 0.
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Section 14 : Scope, association, and definition

Entities are identified by lexical tokens within a scope that is an executable program, a scoping unit, a
single statement, or part of a statement. If the scope is an executable program, the entity is called a
global entity. If the scope is a scoping unit (2.2), the entity is called a local entity. If the scope is a
statement or part of a statement, the entity is called a statement entity.

An entity mavy bhe identified by

(1) A name (14.1),

(2) A label (14.2),

(3)  An external input/output unit number (14.3),
(4)  An operator symbol (14.4), or

(5) An assignment symbol (14.5).

vy means of association, an entity may be referred to by the same identifier or a different identjfier in a
ifferent scoping unit, or by a different identifier in the same scoping unit:

jeWlls]

—

4.1 Scope of names

Named entities are global, local, or statement entities.

4.1.1 Global entities

Hrogram units, common blocks, and external procedures are global entities of an executable program. A
name that identifies a global entity must not:bé used to identify any other global entity in the same
ekecutable program.

14.1.2 Local entities
Within a scoping unit, entities in the following classes:

(1) Named variables that*are not statement entities (14.1.3), named constants, named copstructs,
statement functions, internal procedures, module procedures, dummy procedures, |intrinsic
procedures, generic identifiers, derived types, and namelist group names,

(2) Type comipenents, in a separate class for each type, and
(3) Argument keywords, in a separate class for each procedure with an explicit interface

are local entitiés of that scoping unit.

Bxcept_for' a common block name (14.1.2.1) or an external function name (14.1.2.2), a ndme that
idlentifiés a global entity in a scoping unit must not be used to identify a local entity of class (1)) in that
sgoping unit.

Within a scoping unit, a name that identifies a local entity of one class must not be used to identify
another local entity of the same class, except in the case of generic names (12.3.2.1). A name that
identifies a local entity of one class may be used to identify a local entity of another class.

Note that an intrinsic procedure is inaccessible in a scoping unit containing another local entity of the
same class and having the same name. For example, in the program fragment
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SUBROUTINE SuB

CONTAINS

A = SIN (K)

FUNCTION SIN (X)

END FUNCTION SIN
END SUBROUTINE SUB -

any referen
function of

The name ¢
global entit

re to function SiN—in subroutine SUB Tefers to the internal function SN, ot to the intrinsic
the same name.

f a local entity identifies that entity in a scoping unit and may be used to identify any local or
y in another scoping unit.

14.1.2.1 Common blocks

A common|block name in a scoping unit also may be the name of any local entity othér than a named
constant, iptrinsic procedure, or a local variable that is also an external funChion in a function
subprogram. If a name is used for both a common block and a local entity, the appearance of that name
in any confext other than as a common block name in a COMMON or SAVE<statement identifies only
the local erftity. Note that an intrinsic procedure name may be a common/block name in a scoping unit
that does npt reference the intrinsic procedure.

14.1.2.2 Fynction resuits

For each FUNCTION statement or ENTRY statement in a functionjsubprogram, there is a result variable.
If there is [no RESULT clause, the result variable has the same name as the function being defined;
otherwise, {he result variable has the name specified in the RESULT clause.

14.1.2.3 Unambiguous generic procedure references

This subsection contains the rules that must be satisfied by every pair of specific procedures that have the
same generic name, have the same generic operator, or both define assignment. They ensure that a
generic refefence is unambiguous. When an. intrinsic procedure, operator, or assignment is extended, the
rules apply| as if the intrinsic consisted.0f a collection of specific procedures, one for each allowed
combinatiof of type, kind type pararmeter, and rank for each argument or operand. When a generic
procedure ip accessed from a module;,_the rules apply to all the specific versions even if some of them are
inaccessible| by their specific names.

Within a scoping unit, if twe"procedures have the same generic operator and the same number of
arguments ¢r both define-assignment, one must have a dummy argument that corresponds by position in
the argumgnt list to a~dummy argument of the other that has a different type, different kind type
parameter, jor different)rank.

Within a scppinglunit, two procedures that have the same generic name must both be subroutines or both
be function}, and at least one of them must have a nonoptional dummy argument that

(1) Corresponds by position in the argument list to a dummy argument not present in the other,
present with a different type, present with a different kind type parameter, or present with a

different rank; and

Corresponds by argument keyword to a dummy argument not present in the other, present
with a different type, present with a different kind type parameter, or present with a different
rank.
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For example, the procedures with interface bodies given by the interface block

INTERFACE A

SUBROUTINE AR (XD
REAL X
END SUBROUTINE AR

SUBROUTINE AI (J)
INTEGER J
END SUBROUTINE AI

991 (E)

END INTERFACE

sa
re

C/

w

T
es
re
es

141.1.2.4 Resolving procedure references

isfy rules (1) and (2). However, if ] were declared REAL, rule (1) would not be satisfied &rhile
mains satisfied; in this case, the reference to A in the statement

LL A (0.0

buld be ambiguous.

e rules for interpreting a procedure reference depend on whether the procedure name in the refe
erence, is established to be only specific in the scoping unit containing the reference, or
ablished.
(1) A procedure name is established to be generic in ascoping unit:
(a) if that scoping unit contains an interfacesblock with that name;

(b) if that scoping unit contains an INTRINSIC attribute specification for that name 2
the name of a generic intrinsic procedure;

(c) if that scoping unit contains-a USE statement that makes that procedure name ag
and the corresponding namevin the module is established to be generic; or

(d) if that scoping unit contains no declarations of that name, that scoping unit is co

(2) A procedure name isiestablished to be only specific in a scoping unit if it is establishe
specific and not established to be generic. It is established to be specific:

(a) if that s€oping unit contains an interface body with that name;

(b) if that“scoping unit contains a module procedure, internal procedure, or st
fdnction with that name:

(c)\~if that scoping unit contains an INTRINSIC attribute specification for that name :
is the name of a specific intrinsic procedure;

(d) if that scoping unit contains an EXTERNAL attribute specification for that name;

rule (2)

rence is

ablished by the available declarations and specifications to be generi¢ in the scoping unit containing the

is not

nd it is

cessible

ntained

in a host scoping unit/and that name is established to be generic in the host scopifg unit.

d to be

htement

nd if it

(e) _if that scoping unit contains a USE statement that makes that procedure name ad

cessible

and the corresponding name in the module is established to be specific; or

(f)  if that scoping unit contains no declarations of that name, that scoping unit is contained

in a host scoping unit, and that name is established to be specific in the host
unit.

scoping

(3) A procedure is not established in a scoping unit if it is neither established to be generic nor

established to be specific.
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14.1.2.4.1 Resolving procedure references to names established to be generic

14.1.24.2

14.1.24.3

244

(1)

(4)

(1

()

(3)

(6)

(1)

If the reference is consistent with one of the specific interfaces of an interface block that has
that name and either is contained in the scoping unit in which the reference appears or is made
accessible by a USE statement contained in the scoping unit, the reference is to the specific
procedure in that interface block that provides that interface. Note that the rules in 14.1.2.3
ensure that there can be at most one such specific procedure.

If (1) does not apply, if the scoping unit contains either an INTRINSIC attribute specification

for that name or a USE statement that makes that name accessible from a module in which the
A ) . £l ”\‘YTRII\‘TSIC abbeiloaat ad 6 tbo £ :

orrespohrang—hamet—I5—p O CG—To—Tav e—mC—1T ottt oot G e—Trorerence—is

consistent with the interface of that intrinsic procedure, the reference is to that intrinsic
procedure. Note that, in the USE statement case, it is possible, because of the renaming
facility, for the name in the reference to be different from the name of the intrinsic procedure.

[f (1) and (2) do not apply, if the scoping unit is contained in a host scoping unit,f the name
is established to be generic in that host scoping unit, and if there is agreement ‘between the
scoping unit and the host scoping unit as to whether the name is a function name or a
subroutine name, the name is resolved by applying the rules in this section’to.the host scoping
unit.

If (1), (2), and (3) do not apply, the procedure name must be the name of a generic intrinsic
procedure, the reference must be consistent with the interface of that intrinsic procedure, and
the reference is to that intrinsic procedure.

Resolving procedure references to names established to be only specific

If the scoping unit contains an interface body or EXTERNAL attribute specification for the
name, if the scoping unit is a subprogram, and if thie'name is the name of a dummy argument
of that subprogram, the dummy is a dummy procedure and the reference is to that dummy
procedure. That is, the procedure invoked!dy executing that reference is the procedure
supplied as the actual argument corresponding to that dummy procedure.

If the scoping unit contains an interface body or EXTERNAL attribute specification for the
name and if (1) does not apply, the reference is to an external procedure with that name.

If the scoping unit contains a module subprogram, internal subprogram, or statement function
with the name, the reference §s\to the procedure so defined.

If the scoping unit contains)an INTRINSIC attribute specification for the name, the reference is
to the intrinsic with thatyname.

If the scoping unit-contains a USE statement that makes a procedure accessible by the name,
the reference i§ t0 that procedure. Note that because of the renaming facility of the USE
statement, the’mame in the reference may be different from the original name of the procedure.

If none «Of the above apply, the scoping unit must be contained in a host scoping unit, and the
reference is resolved by applying the rules in this section to the host scoping unit.

Resolving procedure reterences to names not established

If the scoping unit is a subprogram and if the name is the name of a dummy argument of that
subprogram, the dummy argument is a dummy procedure and the reference is to that dummy
procedure. That is, the procedure invoked by executing that reference is the procedure
supplied as the actual argument corresponding to that dummy procedure.

If (1) does not apply, if the name is the name of an intrinsic procedure, and if there is
agreement between the reference and the status of the intrinsic procedure as being a function or
subroutine, the reference is to that intrinsic procedure.
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(3) If (1) and (2) do not apply, the reference is to an external procedure with that name.

14.1.25 Components

A component name has the same scope as the type of which it is a component. It may appear only

within a designator of a component of a structure of that type. If the type is accessible in

another

scoping unit by use association or host association (14.6.1.2) and the definition of the type does not
contain the PRIVATE statement (4.4.1), the component name is accessible for names of components of

structures of that type in that scoping unit.

4.1.2.6 Argument keywords

hly in a procedure reference for the procedure of which it is a dummy argument., (Ifthe proc

c - O &

nit.

.1.3 Statement entities

dummy argument name in an internal procedure, module procedure, or a procedure interface block has
scope as an argument keyword of the scoping unit of its host. As an argument keyword, ‘it may appear

bdure or

rocedure interface block is accessible in another scoping unit by use associatioi-or host asgociation
4.6.1.2), the argument keyword is accessible for procedure references for thatprocedure in that| scoping

he name of a variable that appears as a dummy argument in a staténtent function statement hag a scope

the statement in which it appears. It has the type and type pafameters that it would have if it
me of a variable in the scoping unit that includes the statementfunction.

he name of a variable that appears as the DO variable ofian implied-DO in a DATA stateme
afray constructor has a scope of the implied-DO list. It\las the type and type parameter that
hlave if it were the name of a variable in the scoping-tnit that includes the DATA statement
cpnstructor and this type must be integer.

Tihe name of a statement entity also may be thé.rtame of a global or local entity in the same scop
in this case, the name is interpreted within_the statement as that of the statement entity.

—

4.2 Scope of labels

A label is a local entity. No twe_statements in the same scoping unit may have the same label.

4.3 Scope of external input/output units

An external input/outpiit unit is a global entity.

—

4.4 Scopeof operators

The intrinsi¢ operators are global entities. A defined operator is a local entity. Within a scoping
dperator'may identify additional operations as specified by the rules for generic operators (12.3.2

145 Scopeof theassignmentsymbot—————

The assignment symbol is a global entity. Within a scoping unit the assignment symbol may
additional assignment operations as specified by the rules for generic assignment (12.3.2.1).

14.6 Association

were the

nt or an
t would
pbr array

ng unit;

r unit an
1).

identify

Two entities may become associated by name association, pointer association, or storage association.
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14.6.1 Name association

There are three forms of name association: argument association, use association, and host association.
Argument, use, and host association provide mechanisms by which entities known in one scoping unit
may be accessed in another scoping unit.

14.6.1.1 Argument association

The rules governing argument association are given in Section 12. As explained in 12.4, execution of a
procedure reference establishes an association between an actual argument and its corresponding dummy

argument.

The name
argument.

simply a v3
argument is

Upon term

reference a
different ac

14.6.1.2 Vs

Argument association may he sequence association (12 4 1 4)

of the dummy argument may be different from the name, if any, of its associated actyal
Note that an actual argument may be a nameless data entity, such as an expression that js-not
iriable or constant.) The dummy argument name is the name by which the associated, actual
known, and by which it may be accessed, in the referenced procedure.

nation of execution of a procedure reference, all argument associations established by that
re terminated. A dummy argument of that procedure may be associated/with an entirely
tual argument in a subsequent invocation of the procedure.

e association and host association

Use associdtion is the association of names in different scoping units specified*by a USE statement. The

rules for us

The rules f

e association are given in 11.3.2. They allow for the renaming of ‘the entities being accessed.

r host association are given in 12.1.2.2.1.

Use association or host association allows access in one scoping unit'to entities defined in another scoping

unit and re

14.6.2 Poi

Pointer ass

mains in effect throughout the execution of the executable program.

inter association

bciation between a pointer and a target allows the target to be referenced by a reference to the

pointer. Alt different times during the execution*df.a program, a pointer may be undefined, associated

with differs

pointer is
depending

nt targets, or be disassociated. The\initial association status of a pointer is undefined. If a
hssociated with a target, the definition status of the pointer is either defined or undefined,
bn the definition status of the_target.

14.6.2.1 Pointer association status

The pointes

(1)

a)

b)

association status of a-pointer is one of following:

Associated: a pointer becomes associated when

The pointer is allocated (6.3.1) as the result of the successful execution of an ALLOCATE
statement referencing the pointer, or

The pointer is pointer-assigned to a target (7.5.2) that is associated or is specified with
the TARGET attribute and, if allocatable, is currently allocated.

(a)

246

(b)
(c)

: : 1 * ot 1 =K . .| 1.
I5dSSULI4LIEU, d pUlIllCl DUCCUITTS UIDGDDULlatCU vvIiTIl

The pointer is nullified (6.3.2),
The pointer is deallocated (6.3.3), or

The pointer is pointer-assigned to a disassociated pointer (7.5.2).

Undefined: the pointer association status of a pointer is undefined

(a)

Initially (that is, when the pointer has never been associated or disassociated),
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(b) If its target was never allocated,
(c) If its target is deallocated other than through the pointer, or

(d) If execution of a RETURN or END statement causes the pointer’s target to
undefined (6.3.3.2, item (4) of 14.7.6).

14.6.2.2 Pointer definition status

become

The definition status of a pointer is that of its target. If a pointer is associated with a definable target,

the definition status of the pointer may be defined or undefined according to the rules for a variable
(1p.7).

1
It

.6.2.3 Relationship between association status and definition status

ddallocated. Whatever its association status, a pointer always may be nullified,)allocated, or

as)
ur

re

Fget.

14.6.3 Storage association
St

o1l more storage sequences share or are aligned with one or more storage units.

A

14.6.3.1 Storage sequence

storage sequence is a sequence of storage units. The size of a storage sequence is the number of

uglits in the storage sequence. A storage unit is¢a character storage unit, a numeric storage uni

unspecified storage unit.

In| a storage association context:

(1) A nonpointer scalar objeet of type default integer, default real, or default logical oc
single numeric storage unit:

contiguous numeric-storage units.

character_storage unit.

(4) A nonpointer scalar object of type default character and character length len occu
contiguous character storage units.

(5) _“A/nonpointer scalar object of type nondefault integer, real other than default or

the association status of a pointer is disassociated or undefined, the pointer must not be referenced or

pointer

signed. A nullified pointer is disassociated. When a pointer is allocated, it“becomes associated but
defined. When a pointer is pointer assigned, its association and definition status are determinefl by its

brage sequences are used to describe relationships that exist_among variables, common blocks, and
bult variables. Storage association is the association of twoorunore data objects that occurs when two

storage
, or an

upies a

(2) A nonpointer scalartobject of type double precision real or default complex occupjies two

(3) A nonpointef_scalar object of type default character and character length one occupies one

pies len

double

precision, nondefault logical, nondefault complex, nondefault character of any lerjgth, or
nonsequence type occupies a single unspecified storage unit that is different for each cage.

(6) A nonpointer array ol intrinsic type or sequence derived fype OCCUpIES a S€q

ence of

contiguous storage sequences, one for each array element, in array element order (6.2.2.2).

(7) A nonpointer scalar object of sequence type occupies a sequence of storage sequences

corresponding to the sequence of its ultimate components.

(8) A pointer occupies a single unspecified storage unit that is different from that

of any

nonpointer object and is different for each combination of type, type parameters, and rank.
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A sequence of storage sequences forms a storage sequence. The order of the storage units in such a
composite storage sequence is that of the individual storage units in each of the constituent storage
sequences taken in succession, ignoring any zero-sized constituent sequences.

Each common block has a storage sequence {5.5.2.1).

14.6.3.2 Association of storage sequences

Two nonzero-sized storage sequences s; and s, are storage associated if the ith storage unit of s is the

same as the jth storage unit of s,. This causes the (i + k)th storage unit of s, to be the same as the
(] + k)th c}»nr—;gn wnit of S for each inh:gor I such that 1 < ;1 < si-o r\f - and

v
1 < j + k| < size of s,.

Storage agsociation also is defined between two zero-sized storage sequences, and between a zero:sized
storage seluence and a storage unit. A zero-sized storage sequence in a sequence of storage sequences is
storage asfociated with its successor, if any. If the successor is another zero-sized storage séquence, the
two sequehces are storage associated. If the successor is a nonzero-sized storage sequence, 'thé zero-sized
sequence ip storage associated with the first storage unit of the successor. Two storage uhits that are each
storage asgociated with the same zero-sized storage sequence are the same storage unit;

14.6.3.3 Association of scalar data objects

Two scalgr data objects are storage associated if their storage sequences, are storage associated. Two
scalar entfties are totally associated if they have the same storage sequénce. Two scalar entities are
partially associated if they are associated without being totally associatéd.

The defin{tion status and value of a data object affects the definition status and value of any storage
associated| entity. An EQUIVALENCE statement, a COMMON-statement, or an ENTRY statement may
cause storpge association of storage sequences.

An EQUIVALENCE statement causes storage associationseof data objects only within one scoping unit,
unless ond of the equivalenced entities is also in a common block (5.5.1.1 and 5.5.2.1).

COMMON statements cause data objects in one scoping unit to become storage associated with data
objects in janother scoping unit.

A named|common block is permitted to centain a sequence of differing storage units provided each
scoping ufit that accesses the common block specifies an identical sequence of storage units. The same
rule appligs to blank common blocks./If\the sizes of the two blank common blocks differ, the sequence of
storage units of the shorter block (must be identical to the initial sequence of the storage units of the
longer block.

An ENTRJ statement in a function subprogram causes storage association of the result variables.
Partial asgociation may_ exist only between

(1) | An object.of default character or character sequence type and an object of default character or
character'sequence type or

(2) | An‘object of default complex, double precision real, or numeric sequence type and an object of
défault integer, default real, default logical, double precision real, default complex, or numeric

sequence type.

For noncharacter entities, partial association may occur only through the use of COMMON,
EQUIVALENCE, or ENTRY statements. For character entities, partial association may occur only
through argument association or the use of COMMON, EQUIVALENCE, or ENTRY statements.

248


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

In the example:

REAL A (&), B

COMPLEX C (2)

DOUBLE PRECISION D

EQUIVALENCE (C (2), A (2, B), (A, D)

the third storage unit of C, the second storage unit of A, the storage unit of B, and the second storage

unit of D are specified as the same. The storage sequences may be illustrated as:

Storage unit 1 2 3 4 5
T[T —=
A(1) A2 A AW
__B__
______ D______

A (2) and B are totally associated. The following are partially associated: A (1).and C (1), A
q(2), A@3)and C(2), Band C(2), A(1)and D, A(2) and D, B and D, C (1)rand D, and C (2
Note that although C (1) and C (2) are each storage associated with D, C (¥)rand C (2) are no
associated with each other.

Hartial association of character entities occurs when some, but not all,~oPthe storage units of th
are the same. In the example:

(HARACTER Ax&4, Bx4, Cx3
HQUIVALENCE (A (2:3), B, C)

A, B, and C are partially associated.

14.7 Definition and undefinition of variables

A variable may be defined or may be undefinéd<and its definition status may change during exeq
an executable program. An action that causes a variable to become undefined does not imply

[

ne variable was previously undefined.

14.7.1 Definition of objects.and subobjects

Arrays, including sections, and variables of derived, character, or complex type are objects that ¢
zpro or more subobjects. ‘Associations may be established between variables and subobjects and
spibobjects of different variables. These subobjects may become defined or undefined.

(1) An objectis defined if and only if all of its subobjects are defined.

(2) If anlobject is undefined, at least one (but not necessarily all) of its subobjects are unde

14.7.2 Variables that are always defined

N

erosized arrays and zero-length strings are always defined.

(2) and
and D.
storage

b entities

ution of
that the

variable was previously defined. An action-that causes a variable to become defined does not imply that

onsist of
between

fined.

14.7.3 Variables that are initially defined
The following variables are initially defined:
(1) Variables specified to have initial values by DATA statements,
(2) Variables specified to have initial values by type declaration statements, and

(3) Variables that are always defined.
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14.7.4 Variables that are initially undefined

All other variables are initially undefined.

14.7.5 Events that cause variables to become defined

Variables become defined as follows:

250

(1)

(12)

(13)

Execution of an intrinsic assignment statement other than a masked array assignment statement
causes the variable that precedes the equals to become defined. Execution of a defined
assignment statement may cause all or part of the variable that precedes the equals to become

lefined.

Execution of a masked array assignment statement may cause some or all of the array elements
n the assignment statement to become defined (7.5.3).

As execution of an input statement proceeds, each variable that is assigned a valde, from the
nput file becomes defined at the time that data is transferred to it. (See (5)\in 14.7.6.)
Execution of a WRITE statement whose unit specifier identifies an internal file causes each
record that is written to become defined.

Execution of a DO statement causes the DO variable, if any, to become/defined.

Beginning of execution of the action specified by an implied-DQO\list in an input/output
statement causes the implied-DO variable to become defined.

Execution of an ASSIGN statement causes the variable in the statement €0’ bécome defined with a statement label

alue.

A reference to a procedure causes the entire dummy argument data object to become defined if
he entire corresponding actual argument is defined with a value that is not a statement label.

A reference to a procedure causes a subobject of a dummy argument to become defined if the
rorresponding subobject of the corresponding.actual argument is defined.

Execution of an input/output statement containing an input/output IOSTAT = specifier causes
he specified integer variable to become defined.

Execution of a READ statement ‘containing a SIZE= specifier causes the specified integer
variable to become defined.

Execution of an INQUIRE- statement causes any variable that is assigned a value during the
bxecution of the statement to become defined if no error condition exists.

When a character stofage unit becomes defined, all associated character storage units become

Hefined.

When a numéric storage unit becomes defined, all associated numeric storage units of the same
ype becomé& defined, except that variables associated with the variable in an ASSIGN statement become
indefined—when the ASSIGN statement is executed. When an entity of double precision real type
becomes defined, all totally associated entities of double precision real type become defined.

When an unspecified storage unit becomes defined, all associated unspecified storage units

become defined.

When a default complex entity becomes defined, all partially associated default real entities
become defined.

When both parts of a default complex entity become defined as a result of partially associated
default real or default complex entities becoming defined, the default complex entity becomes

defined.
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(14) When all components of a numeric sequence structure or character sequence structure become

defined as a result of partially associated objects becoming defined, the structure
defined.

becomes

(15) Execution of an ALLOCATE or DEALLOCATE statement with a STAT = specifier causes the

variable specified by the STAT = specifier to become defined.

(16) Allocation of a zero-sized array causes the array to become defined.

(17) Invocation of a procedure causes any automatic object of zero size in that procedure to become

defined.

V

(18) Execution of a pointer assignment statement that associates a pointer with a targe
defined causes the pointer to become defined.

14.7.6 Events that cause variables to become undefined

ariables become undefined as follows:

(1) When a variable of a given type becomes defined, all associated/variables of differ
become undefined. However, when a variable of type default real\is partially associal

that is

ent type
ed with

a variable of type default complex, the complex variable does-not become undefined when the
real variable becomes defined and the real variable does ‘not become undefined when the

complex variable becomes defined. When a variable of) type default complex is jpartially
associated with another variable of type default complex, definition of one does not dause the
other to become undefined.

(2) Execution of an ASSIGN statement causes the variable in, the'statement to become undefined as an integer.| Variables
that are associated with the variable also become undefined®

(3) If the evaluation of a function may cadse an argument of the function or a variaple in a

module or in a common block to become defined and if a reference to the function agpears in
an expression in which the value of the function is not needed to determine the valye of the
expression, the argument or variable becomes undefined when the expression is evaluatpd.

(4) The execution of a RETURN statement or an END statement within a subprogram chuses all
variables local to its scoping unit or local to the current instance of its scoping unit for a

recursive invocation to become undefined except for the following:
(a) Variables withthe SAVE attribute.
(b) Variables in’blank common.

(c) Varidbles in a named common block that appears in the subprogram and appe
ledstyone other scoping unit that is making either a direct or indirect refereng
subprogram.

(d)7~ Variables accessed from the host scoping unit.

(e) Variables accessed from a module that also is referenced directly or indirectly by
one other scoping unit that is making either a direct or indirect referencs

subprogram.

Ars in at
e to the

at least
to the

(fy  Variables in a named common block that are initially defined (14.7.3) and that have not

been subsequently defined or redefined.

(5 When an error condition or end-of-file condition occurs during execution of an input

statement, all of the variables specified by the input list or namelist-group of the s
become undefined.

(6) When an error condition, end-of-file condition, or end-of-record condition occur

tatement

s during

execution of an input/output statement, some or all of the implied-DO variables may become

undefined (9.4.3).
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14.8 All

(7)

(8)

9)

(10)

(15)

The alloc

an execut

252

@
(2)

(3)

Execution of a defined assignment statement may leave all or part of the variable that precedes
the equals undefined.

Execution of a direct access input statement that specifies a record that has not been written
previously causes all of the variables specified by the input list of the statement to become
undefined.

Execution of an INQUIRE statement may cause the NAME=, RECL=, and NEXTREC=
variables to become undefined (9.6).

When a character storage unit becomes undefined, all associated character storage units

1 el i
DUCLOIHIIC UITUTTITICU.

When a numeric storage unit becomes undefined, all associated numeric storage units becéme
undefined unless the undefinition is a result of defining an associated numeric storage unit of
different type (see (1) above).

When an entity of double precision real type becomes undefined, all totally associated entities
of double precision real type become undefined.

When an unspecified storage unit becomes undefined, all associated unspecified storage units
become undefined.

A reference to a procedure causes part of a dummy argument to become undefinedif ‘the corresponding part of the
actual argument is defined with a value that is a statement label value.

When an allocatable array is deallocated, it becomes undefined. Successful execution of an
ALLOCATE statement causes the allocated array to become undefined.

Execution of an INQUIRE statement causes all inquiry “specifier variables to become undefined
if an error condition exists, except for the variable inthe IOSTAT = specifier, if any.

When a procedure is invoked:

(a) An optional dummy argument that-\ls not associated with an actual argument is
undefined.

(b) A dummy argument with INTENT (OUT) is undefined.

(c) An actual argument associated with a dummy argument with INTENT (OUT) becomes
undefined.

(d) A subobject of a dummy argument is undefined if the corresponding subobject of the
actual argument, is undefined.

(e) The result variable of a function is undefined.

When the association status of a pointer becomes undefined or disassociated (6.3), the pointer
becomes undéfined.

pcation status

htion ‘status of an allocatable array is one of the following at any time during the execution of
abte program:

Not currently allocated, which means that the array has never been allocated or that the last
operation on it was a deallocation.

Currently allocated, which means that the array has been allocated by an ALLOCATE
statement and has not been subsequently deallocated.

Undefined, which means that the array does not have the SAVE attribute and was currently
allocated when execution of a RETURN or END statement resulted in no executing scoping
units having access to it.
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If the allocation status of an allocatable array is currently allocated, the array may be referenced and
defined. An allocatable array that is not currently allocated must not be referenced or defined. If the
allocation status of an allocatable array is undefined, the array must not be referenced, defined, allocated,
or deallocated.
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Annex A

(informative)

Glossary of technical terms

The following is a list of the principal technical terms used in the International Standard and their

definitions
defined or
Standard.

the term in

action stat

A—reference—in—parentheses—immediately—aftera—term—is—to—thesection—where—the—term—is
explained. The wording of a definition here is not necessarily the same as in the International
Where the definition uses a term that is itself defined in this glossary, the first occurrence,of
that definition is printed in italics.

bment (2.1) : A single statement specifying a computational action (R216).

actual argIment (12.4.1) : An expression, a variable, a procedure, or an alternate returnyspecifier that is

specified i
allocatable
space allog

argument

argument
during the

argument
the equals

array (2.4,
are arrang
a function

a procedure reference.

array (5.1.2.4.3) : A named array having the ALLOCATABLE attribute.) Only when it has
ated for it does it have a shape and may it be referenced or defined.

12) : An actual argument or a dummy argument.

pssociation (14.6.1.1) : The relationship between an actual afgument and a dummy argument
execution of a procedure reference.

keyword (2.5.2) : A dummy argument name. It may be'used in a procedure reference ahead of
symbol (R1211) provided the procedure has an explicit‘interface.

5) : A set of scalar data, all of the same type and\type parameters, whose individual elements
bd in a rectangular pattern. It may be a naméd<drray, an array section, a structure component,
value, or an expression. Its rank is at least.one. Note that in FORTRAN 77, arrays were always

named and never constants.

array elemlent (2.4.5, 6.2.2.1) : One of the scalardata that make up an array that is either named or is a
structure dpmponent.

array poin
array secti
array-valu

assignmen

fer (5.1.2.4.3) : A pointer to_an\array.
bn (6.2.2.3) : A subobject that is an array and is not a structure component.
ed : Having the property’ of being an array.

statement (7.5,1.1): A statement of the form “variable = expression”.

associatior] (14.6) : Namé association, pointer association, or storage association.

assumed-size array (5.1.2.4.4) : A dummy array whose size is assumed from the associated actual

argument.

Its last upper bound is specified by an asterisk.

attribute (5)C-A property of a data object that may be specified in a type declaration statement (R501).

automatic
argument,

data object (5.1) : A data object that is a local entity of a subprogram, that is not a dummy
and that has a nonconstant character length or array bound.

belong (8.1.4.4.3, 8.1.4.4.4) : If an EXIT or a CYCLE statement contains a construct name, the statement
belongs to the DO construct using that name. Otherwise, it belongs to the innermost DO construct in
which it appears.

block (8.1) : A sequence of executable constructs embedded in another executable construct, bounded by

statements
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block data program unit (11.4) : A program unit that provides initial values for data objects in named
common blocks.

bounds (5.1.2.4.1) : For a named array, the limits within which the values of the subscripts of its array
elements must lie.

character (3.1) : A letter, digit, or other symbol.
characteristics (12.2) :

(1) Of a procedure, its classification as a function or subroutine, the characteristics of its dummy
_and thed ictice of ite £ . It 56 it o at on

(2) Of a dummy argument, whether it is a data object, is a procedure, or has the @PTIONAL
attribute.

(3) Of a data object, its type, type parameters, shape, the exact dependence ofran’ array hound or
the character length on other entities, intent, whether it is optional, whether it is a poipter or a
target, and whether the shape, size, or character length is assumed.

(4) Of a dummy procedure, whether the interface is explicit, the charactéristics of the profedure if
the interface is explicit, and whether it is optional.

(5) Of a function result, its type, type parameters, whether it¢is\a pointer, rank if it is a|pointer,
shape if it is not a pointer, the exact dependence of an,array bound or the character lgngth on
other entities, and whether the character length is assumed.

haracter string (4.3.2.1) : A sequence of characters numbered¢rom left to right 1, 2, 3, . . .

2]

haracter storage unit (14.6.3.1) : The unit of storage for\holding a scalar that is not a pointer and is of
ype default character and character length one.

~+ O

cpllating sequence (4.3.2.1.1) : An ordering of all the different characters of a particular kind type
pprameter.

bmmon block (5.5.2) : A block of physical storage that may be accessed by any of the scoping| units in
n executable program.

L N

bmponent (4.4) : A constituent of & derived type.

[a]

2]

bnformable (2.4.7) : Two arrays are said to be conformable if they have the same shape. A |scalar is
bnformable with any array.

[o]

cpnformance (1.4) : An_executable program conforms to the standard if it uses only those fofms and
r¢lationships described ‘therein and if the executable program has an interpretation according to the
slandard. A program-tnit conforms to the standard if it can be included in an executable program in a
manner that allows“the executable program to be standard conforming. A processor confornfs to the
sfandard if iti¢executes standard-conforming programs in a manner that fulfills the interpretations
prescribed in, the standard.

cpnnected. (9.3.2) :

(1) For an external unit, the property of referring to an external file.

(2) For an external file, the property of having an external unit that refers to it.

constant (2.4.4) : A data object whose value must not change during execution of an executable program.
It may be a named constant or a literal constant.

constant expression (7.1.6.1) : An expression satisfying rules that ensure that its value does not vary
during program execution.

construct (8) : A sequence of statements starting with a CASE, DO, IF, or WHERE statement and ending
with the corresponding terminal statement.
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data : Plural of datum.

data entity (2.4.3) : A data object, the result of the evaluation of an expression, or the result of the
execution of a function reference (called the function result). A data entity has a data type (either
intrinsic or derived) and has, or may have, a data value (the exception is an undefined variable). Every
data entity has a rank and is thus either a scalar or an array.

data object (2.4.3) : A data entity that is a constant, a variable, or a subobject of a constant.

data type (2.4.1) : A named category of data that is characterized by a set of values, together with a way
to denote these values and a collection of operations that interpret and manipulate the values. For an

: . . 1 L} 1 1 1 ] 1 £l
intrinsic type, the set o data values Uepenus Ol tihe values of the type parareters.

datum : A

definable (2
designator
example of]
when C is

defined (2.

kingle quantity that may have any of the set of values specitied for its data type.

.5.4) : A variable is definable if its value may be changed by the appearance of its name or
on the left of an assignment statement. An allocatable array that has not been allp¢ated is an
a data object that is not definable. An example of a subobject that is not definable is C (1)
hn array that is a constant and 1 is an integer variable.

5.4) : For a data object, the property of having or being given a valid value!

defined asgignment statement (7.5.1.3) : An assignment statement that is not @n intrinsic assignment
statement and is defined by a subroutine and an interface block that specifies ASSIGNMENT (=).

defined oppration (7.1.3) : An operation that is not an intrinsic operationand is defined by a function
that is assqciated with a generic identifier.

deleted feature (1.6) : A feature in FORTRAN 77 that is considered to“have been redundant and largely
unused. No features in FORTRAN 77 have been deleted from the standard. Note that a feature designated
as an obsolescent feature in the standard may become a deleted(féature in the next revision.

derived type (2.4.1.2, : A type whose data have components; each of which is either of intrinsic type or

of another
designator

disassociat

derived type.
: See subobject designator.

ed (2.4.6) : A pointer is disassociated following execution of a DEALLOCATE or NULLIFY

statement, Jor following pointer association with a disassociated pointer.

dummy argument (12.5.2.2, 12.5.2.3, 1215.2.5, 12.5.4) : An entity whose name appears in the
parenthesized list following the procedure name in a FUNCTION statement, a SUBROUTINE statement,
an ENTRY]| statement, or a statement function statement.

dummy arfay : A dummy argument that is an array.
dummy pdinter : A dummy.argument that is a pointer.
dummy prpcedure (12.1,2.3) : A dummy argument that is specified or referenced as a procedure.

elemental
statement
conformab|

12.4.3, 12.4.5) : An adjective applied to an intrinsic operation, procedure, or assignment
that is,applied independently to elements of an array or corresponding elements of a set of
Je arrays and scalars.

entity : The term used for any of the following: a program unif, a procedure, an operator, an interjace
block, a common block, an external unit, a statement function, a type, a named variable, an expression,
a component of a structure, a named constant, a statement label, a construct, or a namelist group.

executable construct (2.1) : A CASE, DO, IF, or WHERE construct or an action statement (R216).
executable program (2.2.1) : A set of program units that includes exactly one main program.

executable statement (2.3.1) : An instruction to perform or control one or more computational actions.
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explicit interface (12.3.1) : For a procedure referenced in a scoping unit, the property of being an internal
procedure, a module procedure, an intrinsic procedure, an external procedure that has an interface block,

a recursive procedure reference in its own scoping unit, or a dummy procedure that has an interface
block.

explicit-shape array (5.1.2.4.1) : A named array that is declared with explicit bounds.

expression (7.1) : A sequence of operands, operators, and parentheses (R723). It may be a variable, a
constant, a function reference, or may represent a computation.

extent (2.4.7) : The size of one dimension of an array.

(]

xternal file (9.2.1) : A sequence of records that exists in a medium external to the executable program.

kternal procedure (2.2.3.1) : A procedure that is defined by an external subprogram or by a’means other
han Fortran.

"~ M

ekternal subprogram (2.2) : A subprogram that is not contained in a main programy_Jmodule, or|another
siibprogram. Note that a module is not called a subprogram. Note that in FOrRTRAN 77, a block data
pfogram unit is called a subprogram.

external unit (9.3) : A mechanism that is used to refer to an external file. It 'is identified by a nonhegative
ifteger.

file (9.2) : An internal file or an external file.
fdnction (2.2.3) : A procedure that is invoked in an expression.
fynction result (12.5.2.2) : The data object that returns the value of a function.

fynction subprogram (12.5.2.2) : A sequence of statements* beginning with a FUNCTION statement that is
npt in an interface block and ending with the corresponding END statement.

eneric identifier : A lexical token that appears inqan INTERFACE statement and is associated with all the
ocedures in the interface block.

8

p

global entity (14.1.1) : An entity identified\by a lexical token whose scope is an executable program. It
njay be a program unit, a common blogk, or an external procedure.

h

pst (2.2.3.3) : A main program or\subprogram that contains an internal procedure is called the host of
the internal procedure. A module that contains a module procedure is called the host of the| module
rocedure.

p
hpst association (11.2.2) : The process by which an internal subprogram, module subprogram, or derived
Yype definition accesses ‘entities of its host.

~-

plicit interface (1273.1) : A procedure referenced in a scoping unit other than its own is said to|have an
plicit interface\if the procedure is an external procedure that does not have an interface plock, a
ummy procedure that does not have an interface block, or a statement function.

-

QB

inquiry function (13.1) : An intrinsic function whose result depends on properties of the principal
afgumepnt-other than the value of the argument.

intent (12.5.2.1) : An attribute of a dummy argument that is neither a procedure nor a pointef, which
indicates whether it is used to transfer data into the procedure, out of the procedure, or both.

instance of a subprogram (12.5.2.4) : The copy of a subprogram that is created when a procedure defined
by the subprogram is invoked.

interface block (12.3.2.1) : A sequence of statements from an INTERFACE statement to the corresponding
END INTERFACE statement.

interface body (12.3.2.1) : A sequence of statements in an interface block from a FUNCTION or
SUBROUTINE statement to the corresponding END statement.
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interface of a procedure (12.3) : See procedure interface.

internal file (9.2.2) : A character variable that is used to transfer and convert data from internal storage
to internal storage.

internal procedure (2.2.3.3) : A procedure that is defined by an internal subprogram.
internal subprogram (2.2) : A subprogram contained in a main program or another subprogram.

intrinsic (2.5.7) : An adjective applied to types, operations, assignment statements, and procedures that
are defined in the standard and may be used in any scoping unit without further definition or
specificatio

invoke (2.2.3) :
(1) [To call a subroutine by a CALL statement or by a defined assignment statement.

(2) [To call a function by a reference to it by name or operator during the evaluation” of an
bXpression.

keyword (3.5.2) : Statement keyword or argument keyword.

kind type parameter : A parameter whose values label the available kinds of an intrifisic type.
label : See [statement label.

length of a|character string (4.3.2.1) : The number of characters in the character string.
lexical tokdn (3.2) : A sequence of one or more characters with an indivisible interpretation.
line (3.3.1)|: A source-form record containing from 0 to 132 characters.

literal congtant (2.4.4) : A constant without a name. Note that@n FORTRAN 77, this was called simply a
constant.

local entity| (14.1.2) : An entity identified by a lexical tokent;whose scope is a scoping unit.
main progdam (2.2.2, : A program unit that is not a_medule, subprogram, or block data program unit.

many-one |array section (6.2.2.3.2) : An array ;section with a vector subscript having two or more
elements wiith the same value.

module (2.2.4, : A program unit that contains or accesses definitions to be accessed by other program
units.

module prgcedure (2.2.3.2) : A procedure that is defined by a module subprogram.

module subprogram (2.2) : ACsubprogram that is contained in a module but is not an internal
subprogram.

name (3.2.1) : A lexical4okén consisting of a letter followed by up to 30 alphanumeric characters (letters,
digits, and|underscores):~Note that in FORTRAN 77, this was called a symbolic name.

name assodiation (14.6.1) : Argument association, use association, or host association.

named : Having.a name.

named constant (2.4.4) : A constant that has a name. [Note that In FORIRAN 77, this was cailed a
symbolic constant.

numeric storage unit (14.6.3.1) : The unit of storage for holding a scalar that is not a pointer and is of
type default real, default integer, or default logical.

numeric type : Integer, real or complex type.

object (2.4.3.1) : Data object.
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obsolescent feature (1.6) : A feature in FORTRAN 77 that is considered to have been redundant but that is

still in frequent use.
operand (2.5.8) : An expression that precedes or succeeds an operator.
operation (7.1.2) : A computation involving one or two operands.

operator (2.5.8) : A lexical token that specifies an operation.

pointer (2.4.6) : A variable that has the POINTER attribute. A pointer must not be referenced or defined
unless it is pointer associated with a target. If it is an array, it does not have a shape unless it is pointer

associated.

ppinter assignment (7.5.2) : The pointer association of a pointer with a target by the executi
ppinter assignment statement or the execution of an assignment statement for a data objert-of
t¥pe having the pointer as a subobject.

pinter assignment statement (7.5.2) : A statement of the form “pointer-name = > tayget”.

p
ppinter associated (6.3, 7.5.2) : The relationship between a pointer and a tqrget following a
agsignment or a valid execution of an ALLOCATE statement.

pinter association (14.6.2) : The process by which a pointer becomes pointer ‘associated with a tq

resent (12.5.2.8) : A dummy argument is present in an instance of d.subprogram if it is associa

rocedure or is not a dummy argument of the invoking procedure,

- a subroutine. It may be an intrinsic procedure, an external procedure, a module procedure, an
ocedure, a dummy procedure, or a statement function. A subprogram may define more t
Focedure if it contains ENTRY statements.

Focedure interface (12.3) : The characteristics, of Ja procedure, the name of the procedure, the

p
p
a
p
procedure (2.2.3, : A computation that may be invoked during program execution. [t may be a
o
p
p
p -
edch dummy argument, and the generic identifiers (if any) by which it may be referenced.

Focessor (1.2) : The combination of a, computing system and the mechanism by which ex
ograms are transformed for use on that'computing system.

rogram unit (2.2) : The fundamental component of an executable program. A sequence of st
nd comment lines. It may\be a main program, a module, an external subprogram, or a blg

p
p
program : See executable program and main program.
p
a
plogram unit.

rank (2.4.7) : The number of dimensions of an array. Zero for a scalar.

rdcord (9.1) : A seqiience of values that is treated as a whole within a file.

¢ference (2.5.5)': The appearance of a data object name or subobject designator in a context

he value-at_that point during execution, or the appearance of a procedure name, its operator sy
defined\assignment statement in a context requiring execution of the procedure at that point. N
pither, the act of defining a variable nor the appearance of the name of a procedure as a

EEE =

on of a
derived

pointer

rget.
fed with

 actual argument and the actual argument is a dummy argument that is present in the invoking

function
internal
han one

hame of

ecutable

ptements

ck data

equiring
bol, or
ote that
h actual

rgtiment is regarded as a reference.

D

scalar (2.4.6) :
(1) A single datum that is not an array.
(2) Not having the property of being an array.

scope (14) : That part of an executable program within which a lexical token has a single interp
It may be an executable program, a scoping unit, a single statement, or a part of a statement.

retation.
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scoping unit (2.2) : One of the following:

1)
(2)

(3)

A derived-type definition,

An interface body, excluding any derived-type definitions and interface bodies contained
within it, or

A program unit or subprogram, excluding derived-type definitions, interface bodies, and
subprograms contained within it.

section subscript (6.2.2) : A subscript, vector subscript, or subscript triplet in an array section selector.

selector :

(1)

(2)

shape (2.4.

[SYNtactic Mechanism for designating

Part of a data object. It may designate a substring, an array element, an array section,orla
structure component.

The set of values for which a CASE block is executed.

7) : For an array, the rank and extents. The shape may be represented by the-rank-one array

whose elements are the extents in each dimension.

size (2.4.7)

: For an array, the total number of elements.

standard mjodule (1.7) : A module standardized as a separate collateral standard.

statement

symbol ma
used to sef

statement

a statemen

statement

assignment

statement
identify th

statement
be used to

storage ass
the same a

storage seg

storage un

stride (6.2,

structure (

structure ¢

its type.

subobject

3.3) : A sequence of lexical tokens. It usually consists of a single line, but the ampersand
v be used to continue a statement from one line to another anid)the semicolon symbol may be
arate statements within a line.

entity (14) : An entity identified by a lexical token whoééscope is a single statement or part of
.

function (12.5.4) : A procedure specified by a single statemment that is similar in form to an
statement.

keyword (2.5.2) : A word that is part of the syntax of a statement and that may be used to
P statement.

abel (3.2.5) : A lexical token consisting of up to five digits that precedes a statement and may
refer to the statement.

ociation (14.6.3) : The relationship between two storage sequences if a storage unit of one is
k a storage unit of the other;

uence (14.6.3.1) : A séguence of contiguous storage units.

t (14.6.3.1) : A chatacter storage unit, a numeric storage unit, or an unspecified storage unit.
2.3.1) : The increment specified in a subscript triplet.

.4.1.2) ;A\scalar data object of derived type.

pmponent (6.1.2) : The part of a data object of derived type corresponding to a component of

2.4.3.2) : A portion of a named data object that may be referenced or defined independently ot

other portions. It may be an array element, an array section, a structure component, or a substring.

subobject
array secti

designator (2.5.1) : A name, followed by one of more of the following: component selectors,
on selectors, array element selectors, and substring selectors.

subprogram (2.2) : A function subprogram or a subroutine subprogram. Note that in FORTRAN 77, a

block data

program unit was called a subprogram.

subroutine (2.2.3) : A procedure that is invoked by a CALL statement or by a defined assignment

statement.
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subroutine subprogram (12.5.2.3) : A sequence of statements beginning with a SUBROUTINE statement

that is not in an interface block and ending with the corresponding END statement.

subscript (6.2.2) : One of the list of scalar integer expressions in an array element selector. Not
ForTRAN 77, the whole list was called the subscript.

subscript triplet (6.2.2) : An item in the list of an array section selector that contains a colon and
a regular sequence of integer values.

e that in

specifies

substring (6.1.1) : A contiguous portion of a scalar character string. Note that an array section can

include a substring selector; the result is called an array section and not a substring.

thrget (5.1.2.8) : A named data object specified in a type declaration statement containing the 7]
dttribute, a data object created by an ALLOCATE statement for a pointer, or a subobjelt’of
dbject.

transformational function : An intrinsic function that is neither an elemental funcfien’ nor ar
flinction. It usually has array arguments and an array result whose elements have.values that dg¢
the values of many of the elements of the arguments.

type (4) : Data type.

type declaration statement (5) : An INTEGER, REAL, DOUBLE PRECISION, COMPLEX, CHAR
HOGICAL, or TYPE (type-name) statement.

type parameter (2.4.1.1) : A parameter of an intrinsic data tyge. KIND= and LEN= are
parameters.

type parameter values (4.3) : The values of the type parameters of a data entity of an intrinsic da

yltimate component (4.4) : For a derived-type or a structure, a component that is of intrinsic tyj
the POINTER attribute, or an ultimate component>of'a component that is a derived type and
hHave the POINTER attribute.

yndefined (2.5.4) : For a data object, the property of not having a determinate value.

ynspecified storage unit (14.6.3.1) : A unit of storage for holding a pointer or a scalar that

default logical, or default complex.

Yse association (14.6.1.2) : The\association of names in different scoping units specified by
statement.

Variable (2.4.5) : A data, object whose value can be defined and redefined during the executi
drecutable program.Clt-may be a named data object, an array element, an array section, a
domponent, or a stibstring. Note that in FORTRAN 77, a variable was always scalar and named.

Vector subscripb(6.2.2.3.2) : A section subscript that is an integer expression of rank one.

whole array\(6.2.1) : A named array.

[ARGET
such an

inquiry
pend on
ACTER,

the type

a type.

e or has
does not

is not a

gointer and is of type other than default integer, default character, default real, double precision real,

a USE

n of an
structure
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Annex B

(informative)

Decremental features

B.1 Deleted feahires

The deletecli features are those features of FORTRAN 77 that are redundant and considered largely unused:

Section 1.4
Standard is

B.2 Obs«

The obsol
methods a
obsolescen

'y
()

(3)

(4)

(5)
(6)
)
(8)
9)

B.2.1 Alt

An altern
execution
computed
semantics ¢

CALL SuBf

.1 describes the nature of the deleted features. The list of deleted features in this International
empty.

blescent features

bscent features are those features of FORTRAN 77 that are redundant and{for” which better
e available in FORTRAN 77. Section 1.6.2 describes the nature of obsolescent features. The
features are:

Arithmetic IF — use the IF statement (8.1.2.4) or IF construct (8.1.2)

Real and double precision DO control variables and DO legp control expressions — use
integer (8.1.4.1)

Shared DO termination and termination on a statement. other than END DO or CONTINUE
— use an END DO or a CONTINUE statement for each DO statement

Branching to an END IF statement from outside™ts IF block — branch to the statement
following the END IF

Alternate return — see B.2.1

PAUSE statement — see B.2.2

IASSIGN and assigned GO TO statements — see B.2.3
Assigned FORMAT specifiers 4~ see B.2.4

cH edit descriptor — see B.2.5

rnate return

te return introduces labels into an argument list to allow the called procedure to direct the
f the caller upon’return. The same effect can be achieved with a return code that is used in a
GO TO statement or CASE construct on return. This avoids an irregularity in the syntax and
f argument’ association. For example,

-NAME" (X, Y, Z, *100, *200, *300)
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may be replaced by

CALL SUBR_NAME (X, Y, Z, RETURN_CODE)
SELECT CASE (RETURN_CODE)
CASE (1)

CASE (2)

991 (E)

END SELECT

B.2.2 PAUSE statement

Execution of a PAUSE statement requires operator or system-specific intervention-to resume execut
mpst cases, the same functionality can be achieved as effectively and in a more’pertable way with
of| an appropriate READ statement that awaits some input data.

B.R.3 ASSIGN and assigned GO TO statements

The ASSIGN statement allows a label to be dynamically assigned 4o an integer variable, and the 4
G TO statement allows “indirect branching” through this variable. This hinders the readability
program flow, especially if the integer variable also is used in arithmetic operations. The two

B.2.4 Assigned FORMALT specifiers
The ASSIGN statement also allows the label of a FORMAT statement to be dynamically assigné

ion. In
the use

ssigned
i of the
totally

p coded

d to an

infeger variable, which can later be useédias a format specifier in READ, WRITE, or PRINT statements.

This hinders readability, permits indonsistent usage of the integer variable, and can be an obscurg
of| error.

This functionality is available/via character variables, arrays, and constants.

B.2.5 H editing

This edit descriptofgan be a source of error. The same functionality is available using the c
cdnstant edit descriptor.

source

haracter
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Annex C

(informative)

Section notes

C.1 Section 1 notes

C.1.1 Conformance (1.4)

The standard requires a standard-conforming processor to be capable of detecting and reporting,the use

within a
relationsh

program unit of forms designated as deleted or obsolescent and of additional férms or
ips, where such use can be detected by reference to the numbered syntax rules’and their

associated | constraints. It is recommended that the processor be accompanied by documentation that

specifies t
these limi

l‘Le limits it imposes on the size and complexity of a program and the means‘¢f reporting when
are exceeded, that defines the additional forms and relationships it allows, and that defines

the means|of reporting the use of additional forms and relationships and the use 6f)deleted or obsolescent

forms. N

te that in this context, the use of a deleted form is the use of an additional form.

It is recommmended that the processor be accompanied by documentationthat specifies the methods or

semantics

bf processor-dependent facilities.

C.2 Sedtion 2 notes

C.2.1 Keywords

Argument|keywords can make procedure references more readable and allow actual arguments to be in

any order

This latter property permits optional arguments (2.5.2).

C.3 Sedtion 3 notes

C.3.1 Re

presentable characters (3.1.5)

FOrRTRAN 7] allowed any character to occur in a character context. This standard provides a new feature
to allow spurce programs to contain characters of more than one kind (4.3.2.1). Characters of different

kinds are

bften identified by eontrol characters (called “escape” or “shift” characters). It is difficult, if not

impossiblg, for example, Ao-process, edit, or print files where control characters may not have their
intended neaning (as in..FORTRAN 77) and where other occurrences may have a control meaning. To
provide cgmpatibility ‘With FORTRAN 77 and to allow this standard to meet portability goals, the following

approach
(1)
(2)

s incorporated:

In fixed source form, the definition of rep-char is not changed.

Control characters are not allowed in character contexts in free sonrce form

C.3.2 Comment lines (3.3.1.1, 3.3.2.1)

The standard does not restrict the number of consecutive comment lines. The limit on the number of

continuati

on lines permitted for a statement should not be construed as being a limitation on the number

of consecutive comment lines.
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C.3.3 Statement labels (3.2.5)

991 (E)

There are 99999 unique statement labels and a processor must accept any of them as a statement label.
However, a processor may have an implementation limit on the total number of unique statement labels

in one program unit.

C.3.4 Source form (3.3)

In fixed source form, an exclamation point (!) in character position 6 is interpreted as a continuation

indicator unless it appears within commentary indicated by a “C” or “*” in character position

1 or by

1 L 1 . P T
another“t“Trrcharacter positions =537372737;

The source form of FORTRAN 77, FORTRAN 66, and the initial Fortran in 1954 was predicated on’a
fogrm of input, the 80-column card. However, on the IBM 704, only 72 columns could be used
¢maining eight columns were designated as commentary. In some implementations of 'FORTRAN 7
lumns are so used. They contain “line numbers” and are used by an editor to manage chan
Fogram (3.3.2).

-

he Fortran Standards Subcommittee believes that 66 positions are inadequate to represent
pritran source code, particularly with “long” names and the use of indentation.” Consequently, in
urce form, this standard relaxes the FORTRAN 77 restriction on source life)size.

o < T 0

iven the need for an incompatible new source form in Fortran, additional restrictions of the ri
¢rm are relaxed. Positions six and seven are no longer “special”_and the continuation mark is on|
bing continued rather than on the continuation line. Blank~characters are generally significan

=0

o3 g

.3.1).

Thhe rule allowing optional blanks at specific places incsome keywords (for example, ENDIF or EN
ntended to permit a reasonable choice to users accustomed to insignificant blanks.

—

programs whose source form might be of either form, observing the following rules allows the co
uped with either:

(1) Confine statement labels to.character positions 1 to 5 and statements to character po
to 72;

(2) Treat blanks as being significant;

(3) Use only the exclamation mark (!) to indicate a comment, but do not start the com
column 6;

(4) For continped statements, place an ampersand (&) in both character position 73 of a ¢
line and)character position 6 of a continuing line.

J.4 Section 4 notes

d.4:1 Zero (4.3.1)

In some circumstances, for example where source code is maintained in an INCLUDE file fof

ommon
and the
7, these
pes to a

readable
the new

pid card
the line
t in the

bw source form, but other features of the new form apply “to either form, and are allowed in either

D IF) is

use in
de to be

Eitions 7

ment in

ntinued

A processor must not consider a negative zero to be different from a positive zero.

C.4.2 Characters (4.2)

Free source form allows only graphic characters as representable characters. Almost all control characters
have uses or effects that effectively preclude their use in character literals. Nevertheless, for compatibility

with FORTRAN 77, control characters remain permitted in principle in fixed source form.
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C.43 Intri

nsic and derived data types (4.3, 4.4)

FOrRTRAN 77 provided only data types explicitly defined in the standard (logical, integer, real, double
precision, complex, and character). This standard provides those intrinsic types and provides derived

types to allow the creation of new data types.
consisting of components of intrinsic types and of derived types.

represent a

A derived-type definition specifies a data structure
Such a type definition does not
data object, but rather, a template for declaring named objects of that derived type. For

example, the definition

TYPE POINT

INTEGE

R X_COORD

INTEGE|
END TYPE

specifies a
integer (X_|
objects, FIR

FORTRAN 77
real numbe
approximat
dependent.
defined kin

Real literal
kind type p

For exampl

INTEGER Q
PARAMETER
REAL (@

the literal ¢
FORTRAN 77

Obijects arg
example,

TYPE APPL
INTEGE

R Y_COORD
POINT

new derived type named POINT which is composed of two components of intrinsic, type
COORD and Y_COORD). The statement TYPE (POINT) FIRST, LAST declares‘two data
ST and LAST, that can hold values of type POINT.

provided REAL and DOUBLE PRECISION intrinsic types as approximations’ to/mathematical
rs. This standard generalizes REAL as an intrinsic type with a type parameter that selects the
ion method. The type parameter is named KIND and has valuyes_that are processor
DOUBLE PRECISION is treated as a synonym for REAL (k), where % s the implementation-
d type parameter value KIND (0.0D0).

constants may be specified with a kind type parameter to ensure that they have a particular
arameter value (4.3.1.2).

e, with the specifications

Q=8

B
pnstant 10.93_Q has the same precision as the variable B.
did not allow zero-length character strings. They are permitted by this standard (4.3.2.1).

of different derived type if theyl are declared using different derived-type definitions. For

ES
R NUMBER

END TYPE

PPLES

TYPE ORANBES

INTEG
END TYPE
TYPE (AP
TYPE (OR

NUMBER
RANGES
ES) COUNT?
GES) COUNTZ2

COUNT1 = COUNT2> Erroneous statement mixing apples'and oranges

Even thoughCall components of objects of type APPLES and objects of type ORANGES have identical

intrinsic types, the objects are of different types.

C.4.4 Selection of the approximation methods

This standard permits the selection of the real approximation method for an entire program to be
parameterized through the use of the parameterized real data type and module. This is accomplished by
defining a named integer constant, say FLOAT, to have a specific kind type parameter value, and to use
that named constant in all real, complex, and derived-type declarations. For example, the specification
statements

266


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 15639 : 1991 (E)

INTEGER FLOAT
PARAMETER (FLOAT = 8)
REAL (FLOAT) X, Y
COMPLEX (FLOAT) Z

specify that the approximation method corresponding to a kind type parameter value of 8 is supplied for
the data objects X, Y, and Z in the program unit. The kind type parameter value FLOAT can be made
available to an entire program by placing the INTEGER and PARAMETER specification statements in a
module and accessing the named constant FLOAT with a USE statement. Note that by changing 8 to 4
once in the module, a different approximation method is selected.

Tq avoid the use of the processor-dependent values 4 or 8, replace 8 by KIND (0.0) or KIND\(0.0DO0).
A{ther way to avoid these processor-dependent values is to select the kind value using-the ihtrinsic

inquiry function SELECTED_REAL_KIND. This function, given integer arguments P and\R spgcifying
minimum requirements for decimal precision and decimal exponent range, respectively; returns the kind
type parameter value of the approximation method that has at least P decimal digité-of precision|and at
ledst a range for positive numbers of 10 ® to 10%. In the above specification statement, the 8 may be
replaced by, for instance, SELECTED_REAL_KIND (10, 50), which requires an/approximation method to
be|selected with at least 10 decimal digits of precision and an exponent range from 10~ to 10%°.

THere are no magnitude or ordering constraints placed on kind values, 4morder that implementars may
hape flexibility in assigning such values and may add new kinds without changing previously assigned
kind values.

A{ kind values have no portable meaning, a good practice 5 to use them in programs only through
najmed constants as described above (for example, SINGLE, IEEE_SINGLE, DOUBLE, and QUAD)]| rather
than using the kind values directly.

C.4.5 Storage of derived types (4.4.1)

A |structure resolves into a sequence of components of intrinsic type. Unless the structure includes a
SEQUENCE statement, the use of this terminplogy in no way implies that these components are stpred in
this, or any other, order. Nor is there any\requirement that contiguous storage be used. The sdquence
mgrely refers to the fact that in writing-the definitions there will necessarily be an order in which the
components appear, and this will define*a sequence of components. This order is of limited signjficance
sirlce a component of an object of derived type will always be accessed by a component name except in
th¢ following contexts: the sequence of expressions in a derived-type value constructor, the data values in
namelist input data, and the-inclusion of the structure in an input/output list of a formatted data transfer,
where it is expanded to this'sequence of components. Provided the processor adheres to the definefl order
in |these cases, it is otherwise free to organize the storage of the components for any structure in memory
as [best suited to the particular architecture.

C.

THis standard introduces pointers as names that can change dynamically their association with 3 target
objject. dn\a sense, a normal variable is a name with a fixed association with a specific object. A [normal
vafiable name refers to the same storage space throughout the lifetime of a variable. A pointer name
may refer to different storage space, or even no storage space, at different times. A variable may be
considered to be a descriptor for space to hold values of the appropriate type, type parameters, and array
rank such that the values stored in the descriptor are fixed when the variable is created by its declaration.
A pointer also may be considered to be a descriptor, but one whose values may be changed dynamically
so as to describe different pieces of storage. When a pointer is declared, space to hold the descriptor is
created, but the space for the target object is not created.

.6 Pointers

A derived type may have one or more components that are defined to be pointers. It may have a
component that is a pointer to an object of the same derived type. This “recursive” data definition allows
dynamic data structures such as linked lists, trees, and graphs to be constructed. For example,
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TYPE CELL I Define a '"'recursive' type
INTEGER :: VAL
TYPE (CELL), POINTER :: NEXT_CELL

END TYPE CELL

TYPE (CELL), TARGET :: HEAD
TYPE (CELL), POINTER :: CURRENT, TEMP ! Declare pointers
INTEGER :: IOEM, K

CURRENT => HEAD ! CURRENT points to head of list
NULLIFY (CURRENT % NEXT_CELL)
DO
READ {*, *, IOSTAT = IOEM) K ! Read next value, if any
IF (IQEM /= 0) EXIT
ALLOCATE (TEMP) I Create new cell each iteration
TEMP % VAL = K I Assign value to cell
NULLIKY (TEMP % NEXT_CELL) | Set status to disassociated
I
|

CURRENT % NEXT_CELL => TEMP Attach new cell to list
CURRENT => TEMP CURRENT points to new end of list
END DO

A list is ngw constructed and the last linked cell contains a disassociated peintér. A loop can be used to
“walk through” the list.

CURRENT $> HEAD

DO
IF (.mOT. ASSOCIATED (CURRENT % NEXT_CELL)) EXIT
CURRENT => CURRENT % NEXT_CELL
WRITE| (%, *) CURRENT % VAL

END DO

C.5 Section 5 notes

C.5.1 Type declaration statements (5.1)

Type declaration statements in FORTRAN.77 required different attributes of an entity to be specified in
different sfatements (INTEGER, SAVE;"DATA, etc.). This standard allows the attributes of an entity to
be specifief in a single extended form of the type statement. For example,

INTEGER, | DIMENSION (10,-10Y, SAVE :: A, B, C
REAL, PARAMETER :: PI-=-3.14159265, E = 2.718281828

To retain fompatibility,.and consistency with FORTRAN 77, most of the attributes that may be specified in
the extendpd type statement may alternatively be specified in separate statements.

C.5.2 The POINTER attribute (5.1.2.7)
The POIILWNMMWWMWWW

which may be specified in the same statement or with one or more attribute specification statements,
determine the characteristics of the target objects that may be associated with the pointers declared in the
statement. An obvious model for interpreting declarations of pointers is that such declarations create for
each name a descriptor. Such a descriptor includes all the data necessary to describe fully and locate in
memory an object and all subobjects of the type, type parameters, and rank specified. The descriptor is
created empty; it does not contain values describing how to access an actual memory space. These
descriptor values will be filled in when the pointer is associated with actual target space.
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The following example illustrates the use of pointers in an iterative algorithm:

PROGRAM DYNAM_ITER
REAL, DIMENSION (:, :), POINTER :: A, B, SWAP | Declare pointers

READ (*, %) N, M
ALLOCATE (A (N, M, B (N, M) ! Allocate target arrays
! Read values into A

ITER: DO

! Apply transformation of values in A to produce values in B

IF (CONVERGED) EXIT ITER

| Swap A and B

SWAP => A; A => B; B => SWAP
END DO ITER

8ND

€.5.3 The TARGET attribute (5.1.2.8)

The TARGET attribute must be specified for any nonpointer object that may, during the executi¢n of the
program, become associated with a pointer. This attribute is‘defined solely for optimization purposes. It
allows the processor to assume that any nonpointer object  not explicitly declared as a target| may be
referred to only by way of its original declared name. The rule in 5.1.2.8 ensures that this is trup even if
ne object is in a common block and the corresponding object in the same common block in|another
rogram unit has the TARGET attribute. It also means that implicitly-declared objects must nof be used

t
P
as pointer targets. This will allow a processorsto perform optimizations that otherwise would not be
possible in the presence of certain pointers. '
T
R

he following example illustrates the use of‘the TARGET attribute in an iterative algorithm:

ROGRAM ITER
REAL, DIMENSION (1000, 1000>, TARGET :: A, B
REAL, DIMENSION (:, :),\POINTER :: IN, OUT, SWAP

| Read values intolA

IN=> A I Associate IN with target A
OUT => B I Associate OUT with target B
ITER:DO

I>Apply transformation of IN values to produce OUT

IF (CONVERGED) EXIT ITER

I Swap IN and OUT

SWAP => IN; IN => OUT; OUT => SWAP
END DO ITER

END
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C.54 PARAMETER statements and IMPLICIT NONE (5.2.10, 5.3)

Because an

implicitly typed named constant may precede an IMPLICIT statement only if that IMPLICIT

statement serves to confirm the type of the named constant, it follows that if an IMPLICIT NONE
statement is to appear, it must precede all PARAMETER statements.

C.5.5 EQUIVALENCE statement extensions (5.5.1)

The EQUIVALENCE statement has been extended to allow the equivalencing of sequence structures and

the equival

encing of objects of intrinsic type with nondefault type parameters, but there are strict rules

regarding t

Structures

e appearance of these objects in an EQUIVALENCE statement.

hat appear in EQUIVALENCE statements must be sequence structures. If a sequence structure

is not of nymeric sequence type or of character sequence type, it must be equivalenced only to objects of

the same ty

A numeric
default inte
type such t

A characte
character s¢

Other obje

C56 CO

Modules pr
to allow
structures,

A common
that access

pe.

sequence structure may be equivalenced to another numeric sequence structure, "an’ object of
ger type, default real type, double precision real type, default complex type, or default logical
hat components of the structure ultimately become associated only with objects/of these types.

I sequence structure may be equivalenced to an object of default character type or another
pquence structure.

ts may be equivalenced only to objects of the same type and kind type parameters.

MMON statement extensions (5.5.2)

ovide global access to all objects; however, the COMMON statement also has been extended

aEcess in more than one scoping unit to objects with’ the POINTER attribute, to sequence

nd to objects of intrinsic type with nondefault type\parameters.

block is permitted to contain sequences of different storage units, provided each scoping unit
bs the common block specifies an identical sequence of storage units for the common block.

This extensjon allows a single common block to contain both numeric and character objects.

Association

in different scoping units between- objects of default type, objects of double precision real

type, and spquence structures is permitted according to the rules for equivalence objects (5.5.1).

C.6 Seclion 6 notes

C.6.1 Sub|

trings (6.1.1)

Substrings jre of zero length”when the starting point exceeds the ending point. This was not allowed in

FORTRAN 77.

constants.

This standard” also allows substrings of literal character constants and named character

C.6.2 Array element references (6.2.2)

A subscri

feference to an element outside the declared bounds is not standard conforming, as in

FORTRAN 77

C.6.3 Stru

cture components (6.1.2)

Components of a structure are referenced by writing the components of successive levels of the structure
hierarchy until the desired component is described. For example,
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TYPE ID_NUMBERS

INTEGER SSN
INTEGER EMPLOYEE_NUMBER

END TYPE ID_NUMBERS

TYPE PERSON_ID

rl_'I'_!2E_(_I.D_I!I.l.IMB.ERS.)_ISI.UM|3ER
END TYPE PERSON_ID

Ty

END TYPE PERSON

13

PH
PK
PR
PR

A
m
a

TYPE LARGE

END TYPE LARGE

TYPE (LARGE) A (5)

PR
PR

PR

C.
Th

as

CHARACTER (LEN=30) LAST_NAME
CHARACTER (LEN=1) MIDDLE_INITIAL
CHARACTER (LEN=30) FIRST_NAME

PE PERSON
INTEGER AGE
TYPE (PERSON_ID) ID

PE (PERSON) GEORGE, MARY

INT *, GEORGE % AGE I Print the AGE component
INT %=, MARY % ID % LAST_NAME I Print LAST_NAME of MARY
INT *, MARY % ID % NUMBER % SSN ! Print SSN of MARY

INT », GEORGE % ID % NUMBER ! Print SSN and EMPLOYEE_NUMBER of GEORGE

calar or an array of intrinsic or derived type.

INTEGER ELT (10)
INTEGER VAL

I' 5 element array, each of whose elements

i dncludes a 10 element array ELT and

L\a scalar VAL.
INT *x, A (1) ¥ Prints 10 element array ELT and scalar VAL.
INT =, A (1) % ELT(3) ! Prints scalar element 3

I of array element 1 of A.

! Prints scalar VAL for array elements

1 2 to 4 of A.

INT *, A (2:4)C% VAL

5.4 Pointer allocation and association

fot

structure component may be a data object of intrinsic, type as in the case of GEORGE % A(E or it
y be of derived type as in the case of GEORGE % ID, % NUMBER. The resultant component may be

e effect-of ALLOCATE, DEALLOCATE, NULLIFY, and pointer assignment is that they are intgrpreted

changing the values in the descriptor that is the pointer. An ALLOCATE is assumed to create space
rrbte—obs ] PN ] ; ] 1 teseritve—tt ! T A

NULLIFY breaks the association of the pointer with the space. A DEALLOCATE breaks the association
and releases the space. Depending on the implementation, it could be seen as setting a flag in the pointer
that indicates whether the values in the descriptor are valid, or it could clear the descriptor values to
some (say zero) value indicative of the pointer not currently pointing to anything. A pointer assignment
copies the values necessary to describe the space occupied by the target into the descriptor that is the

po

inter. Descriptors are copied, values of objects are not.
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If PA and PB are both pointers and PB currently is associated with a target, then
PA => PB

results in PA being associated with the same target as PB. If PB was disassociated, then PA becomes
disassociated.

The standard is specified so that such associations are direct and independent. A subsequent statement
PB => D

or

ALLOCATE| (PB)
has no effdct on the association of PA with its target. A statement
DEALLOCATE (PB)

leaves PA|as a “dangling pointer” to space that has been released. The program must not ‘use PA again
until it beqomes associated via pointer assignment or an ALLOCATE statement.

DEALLO(QATE should only be used to release space that was created by a previous,ALLOCATE. Thus
the follow|ng is invalid:

REAL, TARGET :: T
REAL, PO[INTER :: P
P=>T
DEALLOCATE (P) ! Not allowed: P's target was not allocated

The basic|principle is that ALLOCATE, NULLIFY, and pointer“assignment primarily affect the pointer
rather thah the target. ALLOCATE creates a new target but, ‘other than breaking its connection with the

specified pointer, it has no effect on the old target. Neither NULLIFY nor pointer assignment has any
effect on q;rgets. A given piece of memory that was allocated and associated with a pointer will become
inaccessible to a program if the pointer is nullified and no other pointer was associated with this piece of

memory. |Such pieces of memory may be reused\by the processor if this is expedient. However, whether
such inacdessible memory is in fact reused is entirely processor dependent.

C.7 Sedgtion 7 notes

C.7.1 Character assignment

The FORTRAN 77 restriction that-none of the character positions being defined in the character assignment
statement [may be referenced-in the expression has been removed (7.5.1.5).

C.7.2 Evaluation-of function references

a functior| result being evaluated after the evaluation of its arguments) and their values must not depend

If more thian one function reference appears in a statement, they may be executed in any order (subject to
on the ordier_of execution. This lack of dependence on order of evaluation permits parallel execution of

the function references (7.1.7.1).

C.7.3 Pointers in expressions

A pointer is basically considered to be like any other variable when it is used as a primary in an
expression. If a pointer is used as an operand to an operator that expects a value, the pointer will
automatically deliver the value contained in the space currently described by the pointer, that is, the
value of the target object currently associated with the pointer. In value-demanding expression contexts,
pointers are dereferenced.
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C.7.4 Pointers on the left side of an assignment

A pointer that appears on the left of an intrinsic assignment statement also is dereferenced and is taken to
be referring to the space that is its current target. Therefore, the assignment statement specifies the
normal copying of the value of the right-hand expression into this target space. All the normal rules of
intrinsic assignment hold; the type and type parameters of the expression and the pointer target must
agree and the shapes must be conformable.

For intrinsic assignment of derived types, nonpointer components are assigned and pointer components
are pointer assigned. Dereferencing is applied only to entire scalar objects, not selectively to pointer
s lhnhjprtc

Fpr example, suppose a type such as

TYPE CELL

INTEGER :: VAL

TYPE (CELL), POINTER :: NEXT_CELL
ENDTYPE

ig defined and objects such as HEAD and CURRENT are declared using

YPE (CELL), TARGET :: HEAD
YPE (CELL), POINTER :: CURRENT

a linked list has been created and attached to HEAD and the pointer CURRENT has been allocated
bace, statements such as

URRENT = HEAD
URRENT = CURRENT 7% NEXT_CELL

huse the contents of the cells referenced on the right to be copied to the cell referred to by CURRENT.
W particular, the right-hand side of the second.statement causes the pointer component in [the cell,
URRENT, to be selected. This pointer is dereférenced because it is in an expression context to|produce
he target's integer value and a pointer to a_ceéll that is contained in the target's NEXT_CELL corponent.
he left-hand side causes the pointer CURRENT to be dereferenced to produce its present target| namely
bace to hold a cell (an integer and a.cellFpointer). The integer value on the right is copied to the integer
bace on the left and the pointer components are pointer assigned (the descriptor on the right is copied
nto the space for a descriptor on theleft). When a statement such as

QURRENT => CURRENT 7% NEXT.CELL

executed, the descriptor’/value in CURRENT % NEXT_CELL is copied to the descriptor named
URRENT. In this case, CURRENT is made to point at a different target.

=

Pt

w

= ERGER el el ol o] fo W )

~ =

h the intrinsic assignment statement, the space associated with the current pointer does not change but
he values storedvin that space do. In the pointer assignment, the current pointer is made to phssociate
hith differentsspace. Using the intrinsic assignment causes a linked list of cells to be moved up|through
he current window”; the pointer assignment causes the current pointer to be moved down thrpugh the
st of cells.

—_—

C.6—Section8notes
C.8.1 Loop control
Fortran provides several forms of loop control:

(1) With an iteration count and a DO variable. This is the classic Fortran DO loop.

(2) Test a logical condition before each execution of the loop (DO WHILE).
(3) DO “forever”.
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C.8.2 The CASE construct

At most one case block is selected for execution within a CASE construct, and there is no fali-through
from one block into another block within a CASE construct. Thus there is no requirement for the user to

exit explicitly from a block.

C.8.3 Examples of invalid DO constructs

The following are all examples of invalid skeleton DO constructs:

Example 1
DOI =1

| 10

END DO LOOP ! No matching construct name

Example 2
LOOP: DO

1000 I =1, 10 ! No matching construct name

1000 CONTINUE

Example 3

LOOP1: D(

END DO LQOP2 I Construct names don't match

Example 4
DOI =1

J 10 ! Label required or ...

1010 CONTINUE ! ... END DO required

Example 5

D0 1020 1 =1, 10

1021 END
Example 6

DO ! Labels don't match

FIRST: DQ I =1, 10
SECONO: DO J =1, 5

END DO FIRST ! Improperly nested DOs

END DO S

COND

C.9 Seclion 9-notes

C.9.1 Inputroutput records (9.1)

What is called a “record” in Fortran is commonly called a “logical record”. There is no concept in Fortran

of a “physical record".

An endfile record does not necessarily have any physical embodiment. The processor may use a record
count or other means to register the position of the file at the time an ENDFILE statement is executed, so
that it can take appropriate action when that position is reached again during a read operation. The
endfile record, however it is implemented, is considered to exist for the BACKSPACE statement (9.1.3).
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C.9.2 Files (9.2)

This standard accommodates, but does not require, file cataloging. To do this, several concepts are
introduced.

C.9.2.1 File connection (9.3)

Before any input/output may be performed on a file, it must be connected to a unit. The unit then serves
as a designator for that file as long as it is connected. To be connected does not imply that “buffers” have
or have not been allocated, that “file-control tables” have or have not been filled out, or that any other

WRITE statement may be executed on the unit, hence on the file.
WRITE statement must not be executed.

Without a connection, ;a' READ or

C|9.2.2 File existence (9.2.1.1)

Totally independent of the connection state is the property of existence, this being ‘a file property. The
processor “knows” of a set of files that exist at a given time for a given executable program. This set
wpuld include tapes ready to read, files in a catalog, a keyboard, a printer, ete."The set may excllide files
inpccessible to the executable program because of security, because they (are already in use by [another
executable program, etc. This standard does not specify which files exist,“hence wide latitude is available
to[ a processor to implement security, locks, privilege techniques, etc. ~Existence is a convenient concept to
dgsignate all of the files that an executable program can potentially_ process.

All four combinations of connection and existence may occur:

Connect  Exist Examples

Yes Yes A card reader loaded
and ready to be read

Yes No A printer before the
first line is written

No Yes A file named JOAN'

in the catalog

No No A file on a reel of tape,
not known to the processor

Mgans are provided to_create, delete, connect, and disconnect files.

CJ|9.2.3 File name®(9.3.4.1)

Alfile may have(a name. The form of a file name is not specified. If a system does not have some form
of| cataloging \or tape labeling for at least some of its files, all file names will disappear at the termination
of| execution.” This is a valid implementation. Nowhere does this standard require names to suryive for
arly period of time longer than the execution time span of an executable program. Therefdre, this
staridard does not impose cataloging as a prerequisite. The naming feature is intended to allow fise of a
cataloging system where One exists.

C.9.24 File access (9.2.1.2)

This standard does not address problems of security, protection, locking, and many other concepts that
may be part of the concept of “right of access”. Such concepts are considered to be in the province of an
operating system.

The OPEN and INQUIRE statements can be extended naturally to consider these things.
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Possible access methods for a file are: sequential and direct. The processor may implement two different
types of files, each with its own access method. It might also implement one type of file with two
different access methods.

Direct access to files is of a simple and commonly available type, that is, fixed-length records. The key is
a positive integer.
C.9.2.5 Nonadvancing input/output (9.2.1.3.1)

Data transfer statements affect the positioning of an external file. In FORTRAN 77, if no error or end-of-file
condition exists. the file is positioned after the record just read or written and that record becomes the

preceding tecord. This standard contains the record positioning ADVANCE= specifier in a data transfer
statement |that provides the capability of maintaining a position within the current record from-one
formatted |data transfer statement to the next data transfer statement. The value NO provideés, ‘this
capability.| The value YES positions the file after the record just read or written. The default is YES.

The tab edit descriptor and the slash are still appropriate for use with this type of record access but the
tab will ngt reposition before the left tab limit.

A BACKYPACE of a file that is currently positioned within a record causes the ‘specified unit to be
positioned| before the current record.

If the last |[data transfer statement was WRITE and the file is currently positioried ‘within a record, the file
will be pokitioned implicitly after the current record before an ENDFILE record is written to the file, that
is, a REWIND, BACKSPACE, or ENDFILE statement following a nonadvancing WRITE statement causes
the file to|be positioned at the end of the current output record beforé\the endfile record is written to the

The EOR

The file will then be positioned after the current record. The IOSTAT = specifier, if present,
fined with a processor-dependent negative value and the data transfer statement will be
Program execution~will continue with the statement specified in the EOR= specifier. The

the entire [record into an internal buffer and make successive portions of the record available to successive
input statéments

C.9.3 OPEN statement (9.3.4)

A file may become connected to a unit in either of two ways: preconnection or execution of an OPEN
statement. Preconnection is performed prior to the beginning of execution of an executable program by
means external to Fortran. For example, it may be done by job control action or by processor-established
defaults. Execution of an OPEN statement is not required to access preconnected files (9.3.3).

The OPEN statement provides a means to access existing files that are not preconnected. An OPEN
statement may be used in either of two ways: with a file name (open-by-name) and without a file name
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(open-by-unit). A unit is given in either case. Open-by-name connects the specified file to the specified
unit. Open-by-unit connects a processor-determined default file to the specified unit. (The default file
may or may not have a name.)

Therefore, there are three ways a file may become connected and hence processed: preconnection, open-
by-name, and open-by-unit. Once a file is connected, there is no means in standard Fortran to determine
how it became connected.

An OPEN statement may also be used to create a new file. In fact, any of the foregoing three connection
methods may be performed on a file that does not exist. When a unit is preconnected, writing the first

record pate he p With the othe WO methog exXe ion © he [N diéemen file.

hen an OPEN statement is executed, the unit specified in the OPEN may or may notyalngeady be
cpnnected to a file. If it is already connected to a file (either through preconnection or by a‘prior|OPEN),
then omitting the FILE= specifier in the OPEN statement implies that the file is to remain connfected to
the unit. Such an OPEN statement may be used to change the values of the BLANK=, DELIM=, or
AD = specifiers.

ote that, since an OPEN that specifies STATUS = 'SCRATCH' is not callowed to have q FILE=
specifier, such an OPEN always attempts to retain any connection that the specified unit may have. If
the unit were already connected to a file, and if that connection did not-have a STATUS of SCRATCH,
then the OPEN would be illegal because the value of the STATUS = specifier must not be changed by the
QPEN.

Iff the value of the ACTION= specifier is WRITE, then READ statements must not refer| to this
cpnnection. ACTION = 'WRITE' does not restrict positioning by a BACKSPACE statefent or
ppsitioning specified by the POSITION = specifier with the.value APPEND. However, a BACKSPACE
slatement or an OPEN statement containing POSITION = 'APPEND’ may fail if the processor|requires
r¢ading of the file to achieve the positioning.

he following examples illustrate these rules. ~In the first example, unit 10 is preconnected to a
SICRATCH file; the OPEN statement changes thevalue of PAD= to YES.

CHARACTER (LEN = 20) CH1

RITE (10, '(A)') 'THIS IS RECORP:1}'

OPEN (UNIT = 10, STATUS = 'SCRATCH', PAD = 'YES'")

REWIND 10

READ (10, '(A20)') CH1 INCH1 now has the value
1" 'THIS IS RECORD 1 !

In the next example, unit\12 is first connected to a file named FRED, with a status of OLD. The¢ second
(DPEN statement therigpens unit 12 again, retaining the connection to the file FRED, but changing the
alue of the DELIM'=" specifier to QUOTE.

QHARACTER (KEN-= 25) CH2, CH3
QPEN (12,-FILE = 'FRED', STATUS = 'OLD', DELIM = 'NONE')
JH2 = '"THIS STRING HAS QUOTES.''

! Quotes in string CH2

RITE (12, *) CH2 | Written with no delimiters
UkER D M = I;I ! 1 _NO auote . he delimiter
REWIND 12

READ (12, *) CH3 | CH3 now has the value
i 'THIS STRING HAS QUOTES. '

The next example is invalid because it attempts to change the value of the STATUS = specifier.

OPEN (10, FILE = °'FRED', STATUS = 'OLD")

WRITE (10, *) A, B, C

OPEN (10, STATUS = '"SCRATCH") ! Attempts to make FRED
I a SCRATCH file
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The previous example could be made valid by closing the unit first, as in the next example.

OPEN (10, FILE = 'FRED', STATUS = 'OLD")

WRITE (10, *) A, B, C

CLOSE (1)

OPEN (10, STATUS = 'SCRATCH") | Opens a different
I SCRATCH file

C.9.4 Connection properties (9.3.2)

When a unrmm&&wmmﬂwmmL
the following connection properties may be established:

(1)  An access method, which is sequential or direct, is established for the connection (9.3.4.3),

(2) A form, which is formatted or unformatted, is established for a connection to a file that) exists
r is created by the connection. For a connection that results from execution of~an OPEN
qtatement, a default form (which depends on the access method, as described in*9.2.1.2) is
¢stablished if no form is specified. For a preconnected file that exists, a form’is-established by
preconnection. For a preconnected file that does not exist, a form may be\established, or the
pstablishment of a form may be delayed until the file is created (for example, by execution of a
ormatted or unformatted WRITE statement) (9.3.4.4).

(3) A record length may be established. If the access method is direet, the connection establishes a
ecord length that specifies the length of each record of the file.) An existing file with records
hat are not all of equal length must not be connected for direct access.

f the access method is sequential, records of varying léngths are permitted. In this case, the
record length established specifies the maximum lengthtof a record in the file (9.3.4.5).

(4) A blank significance property, which is ZERO or NULL, is established for a connection for
Wwhich the form is formatted. This property -h@s no effect on output. For a connection that
esults from execution of an OPEN statement, the blank significance property is NULL by
Jefault if no blank significance property ‘is-specified. For a preconnected file, the property is
NULL.

[he blank significance property ‘of the connection is effective at the beginning of each
ormatted input statement. During execution of the statement, any BN or BZ edit descriptors
bncountered may temporarily-change the effect of embedded and trailing blanks (9.3.4.6).

FortrAN 77|did not define default valués for the blank significance properties of internal and preconnected
files. This ktandard defines the default values for these files to be NULL, matching that of files connected
by the OPHN statement.

A processdr has wide latitude in adapting these concepts and actions to its own cataloging and job
control conventions. Seome processors may require job control action to specify the set of files that exist
or that wil] be created'by an executable program. Some processors may require no job control action
prior to executiont. This standard enables processors to perform dynamic open, close, or file creation
operations,| butit{does not require such capabilities of the processor.

il “anman” in camtovic athor thon FEortran onavy dnclide cneh thimoc a0 macainmbing o oo
T Or—OpPth——EotExts e — o tran—a HRerbG Geh—rh: a5—FRouRHH, d—tct 7
€ meanifpg P Y 1<) & r

console messages, spooling, label checking, security checking, etc. These actions may occur upon job
control action external to Fortran, upon execution of an OPEN statement, or upon execution of the first
read or write of the file. The OPEN statement describes properties of the connection to the file and may
or may not cause physical activities to take place. It is a place for an implementation to define properties
of a file beyond those required in standard Fortran.
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C.9.5 CLOSE statement (9.3.5)

Similarly, the actions of dismounting a tape, protection, etc. of a “close” may be implicit at the end of a
run, The CLOSE statement may or may not cause such actions to occur. This is another place to extend
file properties beyond those of standard Fortran. Note, however, that the execution of a CLOSE
statement on a unit followed by an OPEN statement on the same unit to the same file or to a different file
is a permissible sequence of events. The processor must not deny this sequence solely because the
implementation chooses to do the physical act of closing the file at the termination of execution of the
program.

Table C.I Values assigned to INQUIRE Specifier variables |
INQUIRE by File INQUIRE by Unit
Specifier Unconnected ‘ Connected Connected l Urnconnected
EXIST = .TRUE. if file exists, .TRUE. if unithexists,
.FALSE. otherwise .FALSE. otherwise
OPENED = .FALSE. .TRUE. .FALSE.
NUMBER = -1 unit no. -1
NAMED = .TRUE. .TRUE. iffile named, .FALSE. _
.FALSE” otherwise
filename filename
NAME = (may not be same if named, undefined
as FILE= value) else undefined
ACCESS = UNDEFINED ‘ SEQUENTIAL or DIRECT UNDEFINEIp
SEQUENTIAL= YES, N©, or UNKNOWN UNKNOWN
DIRECT = YES;"NO, or UNKNOWN UNKNOWN
FORM= UNDEFINED [ FORMATTED or UNFORMATTED | UNDEFINEID
FORMATTED = YES, NO, or UNKNOWN UNKNOWN
UNFORMATTED = YES, NO, or UNKNOWN UNKNOWN
RECL= undefined if direct access, record length; undefined
else maximum record length
NEXTREC = undefined if direct access, next record #; undefined
else undefined
BLANK = UNDEFINED NULL, ZERO, or UNDEFINED UNDEFINED
DELIM = UNDEFINED APOSTROPHE, QUOTE, UNDEFINED
NONE, or UNDEFINED
PAD= YES YES or NO YES
POSITION = UNDEFINED REWIND, APPEND, UNDEFINEID
ASIS, UNDEFINED, or
a processor-dependent value
ACTION = UNDEFINED READ, WRITE, UNDEFINED
or READWRITE
IOLENGTH= RECL= value for output-item-list
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C.9.6 INQUIRE statement (9.6)

Table C.1 indicates the values assigned to the INQUIRE statement specifier variables when no error
condition is encountered during execution of the INQUIRE statement.

C.9.7 Keyword specitiers

Keyword forms of specifiers are used because there are many specifiers and a positional notation is
difficult to remember. The keyword form sets a style for processor extensions. The UNIT= and FMT=

keywords are offered for completeness, but their use is optional. Thus, compatibility with ANSI X3.9-
1966 (FORTRAN-66)-and FORTRAN 77 is achieved

C.9.8 Format specifications (9.4.1.1)

Format specifications may be included in the READ and WRITE statements, as in:
READ (UNIT = 10, FMT = '(I3, A4, F10.2)") K, ALPH, X

C.9.9 Unformatted input/output (9.4.4.4.1)

Unformatt¢d input/output involving derived-type list items forms the single exception/to the rule that the
appearancg¢ of an aggregate list item (such as an array) is equivalent to the appeararice of its expanded list
of comporjent parts. This exception permits the processor greater latitude inCimproving efficiency or in
matching tfhe processor-dependent sequence of values for a derived-type object to similar sequences for
aggregate pbjects used by means other than Fortran. However, formatted input/output of all list items
and unformatted input/output of list items other than those of derived. types adhere to the above rule.

C.9.10 Input/output restrictions

An example of a restriction on input/output statements (9.8) is that an input statement must not specify
that data dre to be read from a printer.

C.9.11 Po

Data transfers always involve the movement of\values between a file and internal storage. A pointer as
such canngt be read or written. A pointer may, therefore, appear as an item in an input/output list if it
is currently associated with a target that\can receive a value (input) or can deliver a value (output). A
derived type object with one or more(pointer components must not appear as an item in an input/output
list becausp the value of a pointer ¢omponent is the descriptor for a location in memory. As such, this
has no processor-independent represéntation.

inters in an input/output list

C.9.12 Derived type objects in an input/output list (9.4.2)

A componknt of a derived type may be declared to be private (4.4, 5.1.2.2). A derived-type object must
not appeat in an input/output list if any of its components or subobjects of any of its components have
been declared to be-private and its derived type definition does not appear in the same module as the data
transfer stjtement.

A o edit descriptors are associated with effective list item nhich are
always scalar and of intrinsic type. The rules in 9.4.2 determine the set of effective list items
corresponding to each actual list item in the statement. These rules may have to be applied repetitively
until all of the effective list items are scalar items of intrinsic type.
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C.10 Section 10 notes

C.10.1 Character constant format specification (10.1.2, 10.7.1)

If a character constant is used as a format specifier in an input/output statement, care must be taken that
the value of the character constant is a valid format specification. In particular, if a format specification
delimited by apostrophes contains an apostrophe edit descriptor, two apostrophes must be written to
delimit the apostrophe edit descriptor and four apostrophes must be written for each apostrophe that
occurs within the apostrophe edit descriptor. For example, the text:

P—ISN* T3

mlay be written by various combinations of output statements and format specifications:

WRITE (6, 100) 2, 3
D0 FORMAT (1X, I1, 1X, 'ISN''T', 1X, ID

—

WRITE (6, '(1X, I1, 11X, "'ISN''''T'', 41X, ID') 2, 3

WRITE (6, '(A)') ' 2 ISN''T 3'

Note that doubling of internal apostrophes usually may be avoided by\using quotation marks tq delimit
tHe format specification and doubling of internal quotation marks usually may be avoided By using
apostrophes as delimiters.

Cl10.2 T edit descriptor (10.6.1.1)

The T edit descriptor includes the vertical spacing character (9.4.5) in lines that are to be prinfed. T1
specifies the vertical spacing character and T2 specifies the first character that is printed.

G.10.3 Length of formatted records

The length of a formatted record is not always specified exactly and may be processor dependent|(10.8.2,
10.9.2).

C.10.4 Number of records (10.3; 104, 10.6.2)

e number of records read by an explicitly formatted advancing input statement can be determirfed from
the following rule: a record is-fead at the beginning of the format scan (even if the input list is empty), at
each slash edit descriptor\encountered in the format, and when a format rescan occurs at the end of the

e number of records written by an explicitly formatted advancing output statement can be defermined
flom the following rule: a record is written when a slash edit descriptor is encountered in the|format,
hen a format rescan occurs at the end of the format, and at completion of execution of the output
statement\(even if the output list is empty). Thus, the occurrence of n successive slashes between two
other ¢edit* descriptors causes n - 1 blank lines if the records are printed. The occurrence of n slashes at
the-beginning or end of a complete format specification causes n blank lines if the records printed.

e e eciticati ini bcriptors

0 = a omap = Qrm D ation Qn alhale b’ ashe 4 0 and

causes n + 1 blank lines if the records are printed. For example, the statements

PRINT 3
3 FORMAT (/)

will write two records that cause two blank lines if the records are printed.
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C.10.5 list-directed input/output (10.8)

List-directe.

d input/output allows data editing according to the type of the list item instead of by a format

specifier. It also allows data to be free-field, that is, separated by commas or blanks.

If no list items are specified in a list-directed input/output statement, one input record is skipped or one
empty output record is written.

C.106 Llist-directed input (10.8.1)

The follow
Example 1:
Program:

J=3
READ *, I
READ *, J

Sequential

record 1:
record 2:

Result: I =

ing examplés illustrate list-directed input. A blank character is represented by b.

input file:

b1b, 4bbbbb
» 2bbbbbbbb

1,] = 3.

Explanation: The second READ statement reads the second record. /The initial comma in the record

designates
Example 2
Program:

CHARACTER
READ *, A

Sequential

record 1:
record 2:

Result: A

Explanatio
cannot be
involve thg
constant ‘b
it occurs b

Cl107 N

b null value; therefore, | is not redefined.

A *8, B *1
, B

input file:

' bbbbbbbb*
'Qxy'b*'z’

= 'bbbbbbbb’, B = 'Q’

: In the first record, the rightmost apostrophe is interpreted as delimiting the constant (it
he first of a pair of embedded apostrophes representing a single apostrophe because this would
prohibited “splitting”/of the pair by the end of a record); therefore, A is set to the character
bbbbbbb’. The-end of a record acts as a blank, which in this case is a value separator because
ptween two constants.

amelistlist items for character input (10.9.1.3)

Correspon

ing{t6 a namelist input list item of character data type, the character constant must be

delimited dither with apostrophes or with quotes. The delimiter is required to avoid ambiguity between

undelimited character constants and object names. The value of the DELIM= specifier, if any, in the
OPEN statement for an external file is ignored during namelist input (9.3.4.9).

C.10.8 Namelist output records (10.9.2.2)
Namelist output records produced with a DELIM = specifier with a value of NONE and which contain a

character c
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C.11 Section 11 notes

C.

11.1 Main program and block data program unit (11.1, 11.4)

The name of the main program or of a block data program unit has no explicit use within the Fortran
language. It is available for documentation and for possible use by a processor.

A processor may implement an unnamed main program or unnamed block data program unit by
assigning it a default name. However, this name must not conflict with any other global name in a
standard-conforming executable program. This might be done by making the default name one which is

no|
all
na

C.

This standard, like its predecessors, is intended to permit the implementation of conforming proce
which a program can be broken into multiple units, each of which can bé separately transl

bwed in names) or by providing some external mechanism such that for any given program the
me can be changed to one that is otherwise unused.

1.2 Dependent compilation (11.3)

rmally
default

sors in
hted in

pre¢paration for execution. Such processors are commonly described as supporting separate compilation.

T

ere is an important difference between the way separate compilation/car’ be implemented under this
standard and the way it could be implemented under the previous ‘standards. Under the p

Fevious

standards, any information required to translate a program unit was specified in that program unit. Each
translation was thus totally independent of all others. Under this standard, a program unit dan use

information that was specified in a separate module and thus’mdy be dependent on that modul

im

de

The dependencies involved here are new only in the sense that the Fortran processor is now av

the
pr
Sp4
co

m. The same information dependencies existed under the previous standards, but it w

cifications of the information in multiple program units. The availability of separate but def
mpilation offers several potential advantages over the redundant textual specification of informat

(1) Specifying information at\a)single place in the program ensures that different progra

possibility that different information will erroneously be specified. Even if some
textual inclusion(facility is used to ensure that the text of the specifications is identic
involved progfam units, the presence of other specifications (for example, an IM
statement) rhay change the interpretation of that text.

(2) During/the‘revision of a program, it is possible for a processor to assist in determining v
diffefent” program units have been translated using different (incompatible) version
modiile, although there is no requirement that a processor provide such ass
Inconsistencies in redundant textual specification of information, on the other hand, ten
much more difficult to detect.

e, The

lementation of this dependency in a processor may be-that the translation of a program urit may
bend on the results of translating one or more modulesi\Processors implementing the dependericy this
wdy are commonly described as supporting dependent_compilation.

vare of
as the

bgrammer's responsibility to transport the information necessary to resolve them by making redundant

endent
on:

units

using that information_will be translated consistently. Redundant specification leayes the

ind of
| in all
PLICIT

Vhether
s of a
stance.

d to be

(8) Putting information in a module provides a way of packaging it. Without modules, reg

undant

specifications frequently must be interleaved with other specifications in a program unit,

making convenient packaging of such information difficult.

(4) Because a processor may be implemented such that the specifications in a module are
translated once and then repeatedly referenced, there is the potential for greater efficiency than
when the processor must translate redundant specifications of information in multiple program

units.

The exact meaning of the requirement that the public portions of a module be available at the time of
reference is processor defined. For example, a processor could consider a module to be available only
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after it has been compiled and require that if the module has been compiled separately, the result of that
compilation must be identified to the compiler when compiling program units that use it.

C.11.2.1 USE statement and dependent compilation (11.3.2)

Another benefit of the USE statement is its enhanced facilities for name management. If one needs to use
only selected entities in a module, one can do so without having to worry about the names of all the
other entities in that module. If one needs to use two different modules that happen to contain entities
with the same name, there are several ways to deal with the conflict. If none of the entities with the
same name are to be used, they can simply be ignored. If the name happens to refer to the same entity in
both modles ample—if-beth-medules-obtained om—a—third-meodu is-rro—confusio
about whdt the name denotes and the name can be freely used. If the entities are different and one-Or
both is to [pe used, the local renaming facility in the USE statement makes it possible to give those entities
different names in the program unit containing the USE statements.

Note, however, that the name of a module is limited only by the Fortran rules and net)by the names
allowed ir| the file system. Thus the processor may have to provide a mapping betwéen Fortran names
and file system names.

The result|of translating a module could reasonably either contain only the inférmation textually specified
in the mofule (with “pointers” to information originally textually specified inJother modules) or contain
all information specified in the module (including copies of information originally specified in other
modules).| Although the former approach would appear to save on stdrage space, the latter approach can
greatly simplify the logic necessary to process a USE statement and tan avoid the necessity of imposing a
limit on the logical “nesting” of modules via the USE statement.

Variables [declared in a module retain their definition statusi'on much the same basis as variables in a
common plock. That is, saved variables retain their definition status throughout the execution of a
program, |while variables that are not saved retain théir’definition status only during the execution of
scoping upits that reference the module. In some cases, it may be appropriate to put a USE statement
such as

USE MY_MODULE, ONLY:

in a scopipg unit in order to assure that other procedures that it references can communicate through the
module. In such a case, the scoping unit-would not access any entities from the module, but the variables
not saved[in the module would retain‘their definition status throughout the execution of the scoping unit.

There is an increased potential for) undetected errors in a scoping unit that uses both implicit typing and
the USE sfatement. For example) in the program fragment

SUBROUTINE SUB
USE MY_MODULE
IMPLICIT INTEGER (I-N), REAL (A-H, 0-2)
X = F (B)
A=06 (X FHX+1)
END SUBRDUTINE

X could be either an implicitly typed real variable or a variable obtained from the module MY_MODULE
and might change from one to the other because of changes in MY_MODULE unrelated to the action
performed by SUB. Logic errors resulting from this kind of situation can be extremely difficult to locate.
Thus, the use of these features together is discouraged.

C.11.2.2 Accessibility attributes (11.3.1)

The PUBLIC and PRIVATE attributes, which can be declared only in modules, divide the entities in a
module into those which are actually relevant to a scoping unit referencing the module and those that are

284


https://standardsiso.com/api/?name=2c351238a1989b5062f740455a8e8aa1

ISO/IEC 1539 : 1991 (E)

not. This information may be used to improve the performance of a Fortran processor. For example, it
may be possible to discard much of the information on the private entities once a module has been
translated, thus saving on both storage and the time to search it. Similarly, it may be possible to
recognize that two versions of a module differ only in the private entities they contain and avoid
retranslating program units that use that module when switching from one version of the module to the
other.

C.11.3 Pointers in modules

A pointer from a module program unit may be accessible in a procedure via use association. Such
pj»mters have a litetime that 1s greater than targets that are declared in the procedure, unless sucl} targets
afle saved. Therefore, if such a pointer is associated with a local target, there is the possibilitythpt when
the procedure completes execution, the target will cease to exist, leaving the pointer “dangling’. This
stindard considers such pointers to be in an undefined state. They are neither) associajed nor
disassociated. They must not be used again in the program until their status has'been reestdblished.
There is no requirement on a processor to be able to detect when a pointer target ceases to exist.

Ci11.4 Example of a module (11.3)

In addition to providing a portable means of avoiding the redundant“specification of informgtion in
Itiple program units, a module provides a convenient means of “patkaging” related entities, such as the
definitions of the representation and operations of an abstract datd-type. The following example of a

dule defines a data abstraction for a SET data type where the~elements of each set are of type|integer.
The standard set operations of UNION, INTERSECTION, dnd DIFFERENCE are provided. The
CARDINALITY function returns the cardinality of (number of elements in) its set argumenf. Two
functions returning logical values are included, ELEMENT\and SUBSET. ELEMENT defines the ¢perator
IN. and SUBSET extends the operator < =. ELEMENT determines if a given scalar integer valjie is an
elpment of a given set, and SUBSET determines if a given set is a subset of another given set. (Two sets
miay be checked for equality by comparing cardinality and checking that one is a subset of the dther, or
checking to see if each is a subset of the other.) )

The transfer function SETF converts a vecter of integer values to the corresponding set, with duplicate
values removed. Thus, a vector of constant values can be used as set constants. An inverse [transfer
fynction VECTOR returns the elements of a set as a vector of values in ascending order. In this SET
:];plementation, set data objects have a maximum cardinality of 200.

DULE INTEGER_SETS
This module is intended to illustrate use of the module facility
to define a new data‘type, along with suitable operators.

INTEGER, PARAMETER :: MAX_SET_CARD = 200

TYPE SET ! Define SET data type
PRIVATE

INTEGER CARD

INTEGER ELEMENT (MAX_SET_CARD)

ENDTYPE SET

INTERFACE OPERATOR (.IN.)
MODULE PROCEDURE ELEMENT
END INTERFACE

INTERFACE OPERATOR (<=)

MODULE PROCEDURE SUBSET
END INTERFACE
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INTERFACE OPERATOR (+)
MODULE PROCEDURE UNION
END INTERFACE

INTERFACE OPERATOR (-)
MODULE PROCEDURE DIFFERENCE
END INTERFACE

INTERFACE OPERATOR - (%)
MODULE_PROCEDURE INTERSECTION

END INTERFACE
CONTAINS
INTEGER FUNCTION CARDINALITY (A) ! Returns cardinality of set A

TYPE (BET) A
LITY = A % CARD

LOGICAL FUNCTION ELEMENT (X, A) | Determines if
INTEGER X | element X is in set A

= ANY (A % ELEMENT (1 : A % CARD) .EQ. X)

FUNCTION UNION (A, B) t Union of sets A and B

0O J =1, B % CARD

IF [(.NOT. (B % ELEMENT (J) .IN. A))_THEN
F (UNION % CARD < MAX_SET_CARD) ,THEN

UNION % CARD = UNION % CARD)+ 1

UNION % ELEMENT (UNION.% CARD) = &

B % ELEMENT (J)

LSE

| Maximum set sjize.exceeded . . .
ND IF

END| IF

END

END FUNCT{ION UNION

FUNCTION DIFFERENCE (A, B) I Difference of sets A and B
TYPE (SET) ‘&, B, DIFFERENCE
INTEGERCY), X
DIFFERENCE 7Z CARD = 0 —The empty set

DO J =1, A% CARD
X = A % ELEMENT (J)
IF (.NOT. (X .IN. B)) DIFFERENCE = DIFFERENCE + SET (1, X)
END DO
END FUNCTION DIFFERENCE
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FUNCTION INTERSECTION (A, B) I Intersection of sets A and B
TYPE (SET) A, B, INTERSECTION
INTERSECTION = A - (A - B)

END FUNCTION INTERSECTION

LOGICAL FUNCTION SUBSET (A, B) ! Determines if set A is
TYPE (SET) A, B I a subset of set B
INTEGER I
SUBSET = A % CARD <= B % CARD
IF (.NOT. SUBSET) RETURN | For efficiency

0O I =1, A% CARD

SUBSET = SUBSET .AND. (A % ELEMENT (I) .IN. B)
END DO
END FUNCTION SUBSET

TYPE (SET) FUNCTION SETF (V) I Transfer function between a vector
INTEGER V (:) I of elements and a set of elements
INTEGER J I removing duplicate elements

SETF % CARD = O
DO J =1, SIZE (V)
IF (.NOT. (V (J) .IN. SETF)) THEN
IF (SETF % CARD < MAX_SET_CARD) THEN
SETF % CARD = SETF % CARD + 1
SETF % ELEMENT (SETF % CARD) =V (D

ELSE
| Maximum set size exceeded . . .
END IF
END IF
END DO
END FUNCTION SETF
FUNCTION VECTOR (A) LTransfer the values of set A
TYPE (SET) A ! into a vector in ascending order

INTEGER, POINTER :: VECTOR «(:)
INTEGER I, J, K
ALLOCATE (VECTOR (A (% .CARD))
VECTOR = A % ELEMENT. (1 : A % CARD)
DOI =1, A% CARD™ 1 | Use a better sort if
DO J =1 +C1, A % CARD I A 7% CARD is large
IF (VECTOR (I) > VECTOR (J)) THEN
K¥="VECTOR (J); VECTOR (J) = VECTOR (I); VECTOR (I) = K
END' IF
END-DO
END DO
ENP FUNCTION VECTOR

END MODULE INTEGER_SETS
Examples of using INTEGER_SETS (A, B, and C are variables of type SET; X is an integer variable):

I Check to see if A has more than 10 elements
IF (CARDINALITY (A) > 10) ...
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I Check for X an element of A but not of B
IF (X .IN. (A -B)) ...

I C is the union of A and the result of B intersected
I with the integers 1 to 100
C=A+B=*SETF (¢(/ (I, I =1, 100 /)

| Does A have any even numbers in the range 1:1007?
IF (CARDINALITY (A = SETF ((/ (I, I =2, 100, 20 /1)) > O ...

PRINT *, [VECTOR (B) ! Print out the elements of set B, in ascending order

C.12 Section 12 notes

C.12.1 Expmples of host association (12.1.2.2.1)

The first tivo examples are examples of valid host association. The third example is an€xample of invalid
host assocfation.

Example 1

PROGRAM A
INTEGER I, J
CONTAINS
SUBROUTINE B

INFEGER I | Declaration of I hides
t program A's declaration of I

I1fJ I Use of variable J from program A
I through host association

END SUBROUTINE 8
END PROGRAM A

Example 2,

PROGRAM A
TYPE T

END TYPE T

CONTAINS
SUBROUTINE B

IMPLICIT JYPE (T) (C) ! Refers to type T declared below

! in subroutine B, not type T
! declared above in program A

TYPE T
END TYPE T
END SUBROUTINE B
END PROGRAM A
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Example 3:
PROGRAM Q
REAL (KIND = 1) :: C
CONTAINS
SUBROUTINE R
REAL (KIND = KIND (C)) :: D ! Invalid declaration
I See below
REAL (KIND = 2) :: C

END SUBROUTINE R
END PROGRAM Q

the declaration of D in subroutine R, the use of C would refer to the declaration of C<n subroptine R,
n¢t program Q. However, it is invalid because the declaration of C must occur before it is usefl in the
déclaration of D.

Cl12.2 External procedures (12.3.2.2)

the various types of procedures described in this section, only external’procedures have globall names.
implementation may wish to assign global names to other entities in the Fortran program [such as
ernal procedures, intrinsic procedures, procedures impleménting intrinsic operators, prgcedures
plementing input/output operations, etc. If this is done, /it\is the responsibility of the procgssor to
erpsure that none of these names conflicts with any of the .names of the external procedures, with other
globally named entities in a standard-conforming program; or with each other. For example, this might
b¢ done by including in each such added name a charagter that is not allowed in a standard-conforming
name or by using such a character to combine a lo¢al designation with the global name of the program
unit in which it appears.

There is a potential portability problem in a scoping unit that references an external procedure without
declaring it in either an EXTERNAL statemnment or a procedure interface block. On a different prpcessor,
tHe name of that procedure may be thelname of a nonstandard intrinsic procedure and the processor
uld be permitted to interpret those procedure references as references to that intrinsic procedute. (On
that processor, the program would“also be viewed as not conforming to the standard becausg of the
references to the nonstandard \intrinsic procedure.) Declaration in an EXTERNAL statemeft or a
procedure interface block causes the references to be to the external procedure regardless| of the
ayailability of an intrinsic_procedure with the same name. Note that declaration of the type of a
procedure is not enough to ‘make it external, even if the type is inconsistent with the type of the fesult of
intrinsic of the samé.nhame.

12.3 Procedures defined by means other than Fortran (12.5.3)

processor is not required to provide any means other than Fortran for defining external progedures.
ong._the means that might be supported are the machine assembly language, other high level
lapguages, the Fortran language extended with nonstandard features, and the Fortran langlage as
sypported by another Fortran processor (for example, a previously existing FORTRAN 77 processor).

Procedures defined by means other than Fortran are considered external procedures because their
definitions are not contained within a Fortran program unit and because they are referenced using global
names. The use of the term external should not be construed as any kind of restriction on the way in
which these procedures may be defined. For example, if the means other than Fortran has its own
facilities for internal and external procedures, it is permissible to use them. If the means other than
Fortran can create an “internal” procedure with a global name, it is permissible for such an “internal”
procedure to be considered by Fortran to be an external procedure. The means other than Fortran for
defining external procedures, including any restrictions on the structure for organization of those
procedures, are entirely processor dependent.
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A Fortran processor may limit its support of procedures defined by means other than Fortran such that
these procedures may affect entities in the Fortran environment only on the same basis as procedures
written in Fortran. For example, it might prohibit the value of a local variable from being changed by a
procedure reference unless that variable were one of the arguments to the procedure.

C.12.4 Procedure interfaces (12.3)

In ForTRAN 77, the interface to an external procedure was always deduced from the form of references to
that procedure and any declarations of the procedure name in the referencing program unit. In this
standard, features such as argument keywords and optional arguments make it impossible to deduce

sufficient [nformation abouf the dummy arguments from the nature of the actual arguments fo be
associated [with them, and features such as array-valued function results and pointer function results make
necessary pxtensions to the declaration of a procedure that cannot be done in a way that would)be
analogous [with the handling of such declarations in FOrRTRAN 77. Hence, mechanisms are @rovided
through which all the information about a procedure’s interface may be made available in a scoping unit
that referepces it. A procedure whose interface must be deduced as in FORTRAN 77 is described as having
an implicif interface. A procedure whose interface is fully known is described as hdving an explicit
interface.

A scoping|unit is allowed to contain a procedure interface block for proceduresthat do not exist in the
executable|program, provided the procedure described is never referenced. The piirpose of this rule is to
allow implementations in which the use of a module providing procedure interface blocks describing the
interface of every routine in a library would not automatically cause each-of those library routines to be a
part of the¢ program referencing the module. Instead, only those library“procedures actually referenced
would be & part of the executable program. (In implementation terms, the mere presence of a procedure
interface block would not generate an external reference in such an“implementation.)

C.125 Argument association and evaluation (12.4.1)

There is 4 significant difference between the argument @ssociation allowed in this standard and that
supported |by FORTRAN 77 and FORTRAN 66. In FORTRAN 77 and 66, actual arguments were limited to
consecutive storage units. With the exception_of“assumed length character dummy arguments, the
structure imposed on that sequence of storage units was always determined in the invoked procedure and
not taken |[from the actual argument. Thus(it'was possible to implement FORTRAN 66 and FORTRAN 77
argument lassociation by supplying only the location of the first storage unit (except for character
arguments] where the length would alséthave to be supplied). However, this standard allows arguments
that do no} reside in consecutive storage’ locations (for example, an array section), and dummy arguments
that assunje additional structural.information from the actual argument (for example, assumed-shape
dummy afguments). Thus, themechanism to implement the argument association allowed in this
standard mpust be more general:

Because there are practical\advantages to a processor that can support references to and from procedures
defined by a FORTRAN 77 processor, requirements for explicit interfaces have been added to make it
possible td determine)whether a simple (FORTRAN 66/FORTRAN 77) argument association implementation
mechanisn] is sufficient or whether the more general mechanism is necessary (12.3.1.1). Thus a processor
can be implemented whose procedures expect the simple mechanism to be used whenever the procedure’s
interface i3 one which uses only FORTRAN 77 features and which expects the more general mechanism

otherwise (for example, if there are assumed-shape or optional arguments). At the point of reference, the
appropriate mechanism can be determined from the interface if it is explicit and can be assumed to be the
simple mechanism if it is not. Note that if the simple mechanism is determined to be what the procedure
expects, it may be necessary for the processor to allocate consecutive temporary storage for the actual
argument, copy the actual argument to the temporary storage, reference the procedure using the
temporary storage in place of the actual argument, copy the contents of temporary storage back to the
actual argument, and deallocate the temporary storage.

Note that while this is the specific implementation method these rules were designed to support, it is not
the only one possible. For example, on some processors, it may be possible to implement the general
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argument association in such a way that the information involved in FORTRAN 77 argument association
may be found in the same places and the “extra” information is placed so it does not disturb a procedure
expecting only FORTRAN 77 argument association. With such an implementation, argument association
could be translated without regard to whether the interface is explicit or implicit. Alternatively, it would
be possible to disallow discontiguous arguments when calling procedures defined by the FORTRAN 77
processor and let any copying to and from contiguous storage be done explicitly in the program. Yet
another possibility would be not to allow references to procedures defined by a FORTRAN 77 processor.

The provisions for expression evaluation give the processor considerable flexibility for obtaining
expression values in the most efficient way possible. This includes not evaluating or only partially
evaluating an operand, tor example, it the value ot the expression can be determined otherwise (1‘1.7.1).

THis flexibility applies to function argument evaluation, including the order of argument (evaluation,
delaying argument evaluation, and omitting argument evaluation. A processor may delay the) evaluation
of |]an argument in a procedure reference until the execution of the procedure refers to the-value [of that
argument, provided delaying the evaluation of the argument does not otherwise affect the resultd of the
ex¢cutable program. The processor may, with similar restrictions, entirely omit 'the evaluatior| of an
argument not referenced in the execution of the procedure. This gives processors latitude for optinfization
(for example, for parallel processing).

Ngte that successive commas must not be used to omit optional arguments;

C.12.6 Argument intent specification (12.4.1.1)

Argument intent specifications serve several purposes in additien to documenting the intended |use of
dummy arguments. A processor can check whether an INTENT (IN) dummy argument is used in| a way
that could redefine it. A slightly more sophisticated processor could check to see whether an INTENT
(OUT) dummy argument could possibly be referenced before it is defined. If the procedure’s intefface is
explicit, the processor can also verify that actual arguments corresponding to INTENT (OUT) or INTENT
(INOUT) dummy arguments are definable. A more sophisticated processor could use this information to
opfimize the translation of the referencing scopirg unit by taking advantage of the fact that| actual
arguments corresponding to INTENT (IN) dummy arguments will not be changed and that an} prior
value of an actual argument corresponding to-an INTENT (OUT) dummy argument will not be ref¢renced
angl can thus be discarded.

Ndte that INTENT (OUT) means that-the value of the argument after invoking the procedure is ¢ntirely
thd result of executing that profedure. If there is any possibility that an argument should refain its
cufrent value rather than being redefined, INTENT (INOUT) should be used rather than INTENT {OUT),

even'if there is no explicit réference to the value of the dummy argument.

Ndte also that INTENT-INOUT) is not equivalent to the default. The argument corresponding to an
INFENT (INOUT) dummy argument always must be definable, while an argument correspondi
dummy argument{with default intent need be definable only if the dummy argument is actually redpfined.

C.12.7 Dummy argument restrictions (12.5.2.9)

The restrictions on entities associated with dummy arguments are intended to allow a procepsor to

including implementations of argument association in which the value of the actual argument is
maintained in a register or in local storage.

C.12.8 Pointers and targets as arguments

If a dummy argument is declared to be a pointer, it may be matched only by an actual argument that
also is a pointer, and the characteristics of both arguments must agree. A model for such an association
is that descriptor values of the actual pointer are copied to the dummy pointer. If the actual pointer has
an associated target, this target becomes accessible via the dummy pointer. If the dummy pointer
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becomes associated with a different target during execution of the procedure, this target will be accessible
via the actual pointer after the procedure completes execution. If the dummy pointer becomes associated
with a local target that ceases to exist when the procedure completes, the actual pointer will be left
dangling in an undefined state. Such dangling pointers must not be used.

Since it is intended to allow implementations to make local copies of actual arguments, a pointer that is
associated with a nonpointer actual argument is not associated with its corresponding dummy argument,
since that latter might be stored in a local copy. Similarly, on return, a pointer that is associated with a
nonpointer dummy argument becomes undefined, since the dummy argument may have been kept in a
local copy that is no longer available. If it is required to maintain such pointer association, the dummy
argument oot Praceq GVGG;-‘ - e gaw abiee > ex-ampte Oh &€ e 6€ea

SUBROUTINE BEST (P, A)
REAL,|POINTER :: P
REAL,| TARGET :: A (2)

! Find the best element, A(I)
P=>A(
RETURN

END

and the invocation

REAL, POINTER :: PBEST

REAL, TARGET :: B (10000

CALL BES[T (PBEST, B)

This leaves PBEST undefined. However, if A is given the attributé\POINTER instead of TARGET:

SUBROUTINE BEST (P, A)
REAL,| POINTER :: P
REAL,[ POINTER :: A (2D

! Find the best element, A(D)
P=>RA (D
RETUR

END
the invocdtion

REAL, POINTER :: PB (:), PBEST
REAL, TARGET :: B (10000)
PB => B
I Calculate B
CALL BES[T (PBEST, PB)

leaves PBEST associated with the “best” element of B.

C.12.9 The ASSOCIATED function (13.13.13)

The ASSOCIATED intrinsic function may be used to test whether a pointer is associated with a target.
The one-argument form 1s used for this purpose. In the two-argument form, the ASSOUCIATED function
tests whether the pointer first argument is associated with the space that is referred to by the second
argument. In most cases, it will be used to test if two pointers are associated with the same target.

C.12.10 Internal procedure restrictions

This standard does not allow internal procedures to be used as actual arguments, in part to simplify the
problem of ensuring that internal procedures with recursive hosts access entities from the correct instance
of the host. If, as an extension, a processor allows internal procedures to be used as actual arguments,
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the correct instance in this case is the instance in which the procedure is supplied as an actual argument,

even if the corresponding dummy argument is eventually invoked from a different instance.

C.12.11 The result variable (12.5.2.2)

The result variable is similar to any other variable local to a function subprogram. Its existence begins
when execution of the function is initiated and ends when execution of the function is terminated.
However, because the final value of this variable is used subsequently in the evaluation of the expression

that invoked the function, an implementation may wish to defer releasing the storage occupied
variable until after its value has been used in expression evaluation.

13 Section 13 notes

13.1 Summary of teatures

13.1.1 Whole array expressions and assignments (7.5.1.2, 7.5.1.5)

h important new feature is that whole array expressions and assignménts are permitted. For e

C
C
This section is a summary of the principal array features.
C
A
he statement

e

A[=B + C * SIN (DD

where A, B, C, and D are arrays of the same shape, is permitted. It is interpreted element-by-¢

by that

xample,

lement;

thlat is, the sine function is taken on each element of D, each result is multiplied by the corres
element of C, added to the corresponding element of B, and assigned to the corresponding eleme

(number of dimensions and set of lengths in each(dimension), but scalars may be included freely a
are interpreted as being broadcast to a conforming array. Expressions are evaluated befq
assignment takes place.

Cl13.1.2 Array sections (2.4.5, 6.2:2.3)
Whenever whole arrays may be used, it is also possible to use subarrays called “sections”. For exa
Al(C:, 1:N, 2, 3:1:-1)

cqnsists of a subarray (€ontaining the whole of the first dimension, positions 1 to N of the
dimension, position .2-of the third dimension and positions 1 to 3 in reverse order of the
dil:ension. This isCan' artificial example chosen to illustrate the different forms. Of course, a g
uge may be to select a row or column of an array, for example:

AlC:, O

C{13.1.3-WHERE statement (7.5.3)

bonding
t of A.

Fynctions, including user-written functions, may be arfay valued and may be generic with scalar viersions.
All arrays in an expression or across an assignment, must conform; that is, have exactly the samle shape

d these

re any

mple:

second
fourth
ommon

s in the

The-WHERE statement applies a conforming logical array as a mask on the individual operation

expression and in the assignment. For example:

WHERE (A .GT. 0) B = LOG (A)

takes the logarithm only for positive components of A and makes assignments only in these positions.

The WHERE statement also has a block form (WHERE construct).
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C.l1314 A

utomatic and allocatable arrays (5.1, 5.1.2.4.3)

A major advance for writing modular software is the presence of automatic arrays, created on entry to a
subprogram and destroyed on return, and allocatable arrays whose rank is fixed but whose actual size
and lifetime is fully under the programmer’s control through explicit ALLOCATE and DEALLOCATE

statements.

The declarations

SUBROUTINE X (N, A, B)

REAL WORK (N, N); REAL, ALLOCATABLE ::

HEAP (:, :)

specify an automatic array WORK and an allocatable array HEAP. Note that a stack is an adequate
storage medhanism for the implementation of automatic arrays, but a heap will be needed forattocatable

arrays.

C.13.15 A
Arrays, and
(/1.0,3
which is a 1

(/ .3,

which is a
followed by

« (I, 1
which cont
dimensiona
C.13.1.6 In

All of the
been added
Each such f]

following a

C.13.1.6.1

DOT_F
MATML

C.13.1.6.2

rray constructors (4.5)

in particular array constants, may be constructed with array constructors exemplified-by:
10, 7.2 /)

ank-one array of size 3,

.7, L=1,10,71 /D

ank-one array of size 21 and contains the pair of real constants 1.3"and 2.7 repeated 10 times
7.1, and

=1, N /)

iins the integers 1, 2, ..., N. Only rank-one arrays may‘be constructed in this way, but higher
arrays may be made from them by means of the intrinsic function RESHAPE.

trinsic functions

FORTRAN 77 intrinsic functions except LEN and all of the scalar intrinsic functions that have
to the language, except REPEAT and TRIM, have been extended to be applicable to arrays.
unction is applied element-by-element to-produce an array of the same shape. In addition, the
rray intrinsics have been added, many of which return array-valued results.

Vector and matrix multiply functions

RODUCT (VECTOR A, VECTOR-B)

| Dot product of two arrays
L (MATRIX_A, MATRIX 8)

Matrix multiplication

Array reduction-functions

ALL (

ASK, DIM) True if all values are true

ANY (MASK, DIM)

COUNT (MASK,“\DIM)

MAXVAL (ARRAY, DIM, MASK)
MINVAL-CARRAY, DIM, MASK)
PROD ASK).

True if any value is true

Number of true elements in an array
Maximum value in an array
Minimum value in an array

Product of array elements

SUM (ARRAY, DIM, MASK)

C.13.1.6.3 Array inquiry functions
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ALLOCATED (ARRAY)
LBOUND (ARRAY, DIM)
SHAPE (SOURCE)
SIZE (ARRAY, DIM)
UBOUND (ARRAY, DIM)

Sum of array elements

Array allocation status

Declared lower dimension bounds of an array
Declared shape of an array or scalar

Declared total number of array elements
Declared upper dimension bounds of an array
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