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

In the field of infoJ!nation technology, ISO and IEC have established a joint technical
committee, ISO/IEC JTC 1. Draft International Standards adopted by the joint
technical committep 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 JTC 1, Ipformation technology.

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

Annexes A, B, C, D, E and F are for information only.
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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
Fortran. No subsets are specified in this International Standard. With limitations noted in 1.4.1, the
syntax and semantlcs of the International Standard commonly known as FORTRAN 77" are contained
entirel program is
standafd conforming under this Internatlonal Standard New features can be compatibly“incorporated
into such programs, with any exceptions indicated in the text of this International Standard.

A standard-conforming Fortran processor is also a standard-conforming FORTRAN 7Z ‘processor

Note that the name of this language, Fortran, differs from that in FORTRAN 77 inthat only the [first letter is
capitalized. Both ForTRaN 77 and FORTRAN 66 used only capital letters(in the official rame of the
languagge, but Fortran 90 does not continue this tradition.

Ovenview
Among the additions to FORTRAN 77 in this International Standard; seven stand out as the majpr ones:
(1) Array operations

(2) Improved facilities for numerical computation

(B) Parameterized intrinsic data types

(#) User-defined data types

() Facilities for modular data and procedure definitions
(¢) Pointers

(f) The concept of language'evolution

A nunpber of other additions.are’ also included in this International Standard, such as improved source
form facilities, more control constructs, recursion, additional input/output facilities, and |[dynamically
allocatiable arrays.

Array| operations

Compfitation involving large arrays is an important part of engineering and scientific computing. Arrays
may bp used as entities in Fortran. Operations for processing whole arrays and subarrays (array sections)
are influded” in the language for two principal reasons: (1) these features provide a more [concise and
higherUes 3 : : : 2 : eve and maintain
scientific/engineering appllcatxons and (2) these features can 51gmf1cantly fac1htate optimization of array
operations on many computer 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

Optional facilities for multibyte character data for languages with large character sets, such as those in
China and Japa s

AN . . ; X O
are added by wsing o Kind parameter for the character data type—Thistacitity atio

’

additional character sets for special purposes as well, such as characters for mathematics, chemistry’;|or
music.

Derived types

“Derived type” |is the term given to that set of features in this International Standard ‘that allows the

programmer to
aggregations of

input/output, and as procedure arguments. With no additional derived-type operations defined by
user, the derive

definitions, deri

Procedure defin

assignments for

Modular defin

In FORTRAN 77,
units in an app

for implementin
no means in FO

known locally
unit that may
definitions, and
to be a general
any program u
provide improy
abstractions.

Pointers

Pointers allow 2
and graphs. A

define arbitrary data structures and operations on them. Data structures are user-defir
intrinsic and derived data types. Intrinsic uses of structured objects include assignme

d data type facility is a simple data structuring mechanism.\"With additional operati
ped types provide an effective implementation mechanism for data abstractions.

itions may be used to define operations on intringic ‘or derived types and nonintrin
intrinsic and derived types.

itions

here was no way to define a global dataarea in only one place and have all the progr
ication use that definition. In addition,“the ENTRY statement is awkward and restrict
2 a related set of procedures, possibly*involving common data objects. Finally, there
RTRAN 77 by which procedure definitions, especially interface information, could be m4
o a program unit. These and\other deficiencies are remedied by a new type of progr
fontain any combination of data object declarations, derived-type definitions, proced
procedure interface information. This program unit, called a module, may be conside
zation and replacemefit for the block data program unit. A module may be accessed

ed facilities for(defining global data areas, procedure packages, and encapsulated d

rrdys-to be sized dynamically and ranged, and structures to be linked to create lists, tre

ve
as
de
hm
ire
ed
by

nit, thereby making“the module contents available to that program unit. Thus, modyles

hta

€S,

h ‘ebject of any intrinsic or derived type may be declared to have the pointer attribu

te.

Once such an object becomes associated with a target, it may appear almost anywhere a nonpointer

object with the

same type, type parameters, and shape may appear.

Language 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 obsolescent} are
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, and the
sections in which they are treated, are:

High/Low Level Concepts Sections 1, 2, 3
Data Concepts Sections 4, 5, 6
Computations Sections 7, 13
ExeeutionContrel Seetion8
Input/Output Sections 9, 10
Program Units Sections 11, 12

Scoping and Association Rules  Section 14

High flow level concepts

Section 2 (Fortran Terms and Concepts) contains many of the high level concepts of Fqrtran. This
includps the concept of an executable program and the relationships amongits major parts. Also included
are thp syntax of program units, the rules for statement ordering,~and the definitions of many of the
fundagnental terms used throughout the document.

Sectioh 3 (Characters, Lexical Tokens, and Source Form) describes the low level elements of Hortran, such
as thg character set and the allowable forms for source‘\programs. It also contains the rules for
constrjicting literal constants and names for Fortran entities, and lists all of the Fortran operators.

Data oncepts

The afray operations (arrays as data objects) and data structures provide a rich set of data concepts in
Fortrah. The main concepts are those of data“type, data object, and the use of data objects, which are
described in Sections 4, 5, and 6, respectively.

Sectioh 4 (Intrinsic and Derived Data“Types) describes the distinction between a data typq and a data
object| and then focuses on data type. It defines a data type as a set of data values, correspgnding forms
(consthnts) for representing thesé values, and operations on these values. The concept of an intrinsic data
type |s introduced, and the properties of Fortran's intrinsic types (INTEGER, REAL, [COMPLEX,
LOGICAL, and CHARAGTER) are described. Note that only type concepts are described Here, and not
the deflaration and properties of data objects.

Sectioh 4 also introduces the concept of derived (user-defined) data types, which are compound types
whosed components-ultimately resolve into intrinsic types. The details of defining a derived type are given
(note that this‘has no counterpart with intrinsic types as intrinsic types are predefined and therefore need
not—indeed cannot—be redefined by the programmer). As with intrinsic types, this sectiop deals only
with typé properties, and not with the declaration of data objects of derived type.

Section 5 (Data OUbject Declarations and Specifications) describes in detaill how named data objects are
declared and given the desired properties (attributes). An important attribute (the only one required 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 may be
specified (type declaration statements and attribute specification statements). Implicit typing and 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 also {fescribes assignment of computational results to ; ree principal
forms: the conventional assignment statement, the pointer assignment statement, and the WHERE
statement and cpnstruct. 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 computaronal capabilities. In addition to the FORTRAN 77 intrinsic functions, this/includes m

array processing functions, a comprehensive set of numerical environmental inquiry functions, and a et
of procedures fdr the manipulation of bits in nonnegative integer data.

Execution con]rol

Section 8 (Execution Control) describes the control constructs (IF, CASE, and DO), branching statemefts
(various forms jof GO TO), and other control statements (IF, arithmetic’ I[F, CONTINUE, STOP, and
PAUSE). Thesd are as in FORTRAN 77 except for the addition of the LASE construct and the extension|of
the DO loop to| include an END DO termination option, additional control clauses, and the addition|of
the EXIT and C)YCLE statements.

Input/output

Section 9 (Inpyt/Output Statements) contains definitions for records, files, file connections (OPEN,
CLOSE, and preconnected files), data transfer statements (READ, WRITE, and PRINT) that inclyde
processing of partial and variable length recordsyx file positioning, and file inquiry (INQUIRE).

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

Program units

Section 11 (Program Units) describes main programs, external subprograms, modules, and block data
program units. [Modules, along 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 as vehicles_‘for’ defining global derived-type definitions, global data object declaratiofs,
procedure librares, and' combinations thereof.

Section 12 (Prdcedure 2 a 3 3
including that for user-defined functions and subroutines. The concepts of implicit and explicit procedure
interfaces are explained, and situations requiring explicit procedure interfaces are identified. The rules
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.
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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

1.1 Srepe

This Ipternational Standard specifies the form and establishes the interpretation of programs |expressed in
the Foftran language. The purpose of this International Standard is to promote portability, reliability,
maintdinability, and efficient execution of Fortran programs for use on a variety of Computing systems.

1.2 Processor

The cqmbination of a computing system and the mechanism by which programs are transfoymed for use
on thal computing system is called a processor in this International Standard.

1.3 Inclusions and exclusions

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

1.3.1 Inclusions

This llternational Standard specifies:

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

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

(#) The form of the output data resulting from the use of such a program

1.3.2 Exclusions

This International Standard does not specify:

(1) The(mechanism by which programs are transformed for use on computing systems
(R) (The operations required for setup and control of the use of programs on computing systems

(BIN.vThe method of transcription of programs or their input or output data to or frdm 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) It executes any standard-conforming program in a manner that fulfills the interpretations
herein), subject to any limits that the processor may impose on the size and complexity of. the
program.

(2) It contains the capability to detect and report the use within a submitted prograni unit of a
form |designated herein as deleted or obsolescent, insofar as such use can be'detected by
reference to the numbered syntax rules and their associated constraints.

(3) It contains the capability to detect and report the use within a submitted,'program unit of hn
additjonal form or relationship that is not permitted by the numbered\syntax rules or their
assocjated constraints.

(4) It corftains the capability to detect and report the use within a sabmitted program unit of kifd
type parameter values (4.3) not supported by the processor.

(5) It comtains the capability to detect and report the use within a submitted program unit |of
sourcg form or characters not permitted by Section 3.

(6) It conptains the capability to detect and report the use within a submitted program of natne
usage| not consistent with the scope rules for names; labels, operators, and assignment symbgls
in Seqtion 14.

(7) It co:ttains the capability to detect and report the use within a submitted program unit [of
intringic procedures whose names are net defined in Section 13.

(8) It corftains the capability to detect and report the reason for rejecting a submitted program.

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

A standard-conforming processor) may allow additional forms and relationships provided that sufh
additions do no} conflict with\the standard forms and relationships. However, a standard-conformihg
processor may allow additienal intrinsic procedures even though this could cause a conflict with the name
of a procedure in a standard-conforming program. If such a conflict occurs and involves the name of an
external procedyre, the‘processor is permitted to use the intrinsic procedure unless the name is given an
interface body prithe EXTERNAL attribute in the same scoping unit (14). A standard-conforming

" A . . a 1 1 1 J.1 1.1 ]
program must not-tse-nonstandardmtrinsicprocedures that ave beern audet Uy the processor:

Note that a standard-conforming program must not use any forms or relationships that are prohibited by
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
International Standard; however, see item (4) below regarding intrinsic procedures. This International
Standard restricts the behavior for some features that were processor dependent in FORTRAN 77.

Therefpre, a standard-conforming FORTRAN 77 program that uses one of these processq
featurgs may have a different interpretation under this International Standard, yet remain
conforming program.
Interngtional Standard:

(1

1.5 Notation used in this International Standard

The following FORTRAN 77 features have different interpretati

FORTRAN 77 permitted a processor to supply more precision derived,from a real ¢
can be contained in a real datum when the constant is used to initialize
PRECISION data object in a DATA statement. This Internatignal”Standard does
processor this option.

If a named variable that is not in a common block is initialized in a DATA statemg
not have the SAVE attribute specified, FORTRAN 77 left-its SAVE attribute processo
This International Standard specifies (5.2.9) that this named variable has the SAVE

FORTRAN 77 required that the number of characters required by the input list must

pr-dependent
a standard-
bns in this

bnstant than
a DOUBLE

hot permit a

ent and does
- dependent.
attribute.

be less 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
not enough characters in the record,%unless the PAD= 'NO’ option is speq
appropriate OPEN statement. :

This International Standard has arore intrinsic functions than did FORTRAN 77 and
intrinsic subroutines.
different interpretation undér-this International Standard if it invokes a procedurg
same name as one of the néew standard intrinsic procedures, unless that procedurs
in an EXTERNAL statement as recommended for nonintrinsic functions in the app
FORTRAN 77 standard,

if there are
rified in an

adds a few

Therefore, a standard-conforming FORTRAN 77 program may have a

having the
is specified
endix to the

In this| InternationalStandard, “must” is to be interpreted as a requirement; conversely, “mufst not” is to

be intdrpreted as“a prohibition.

1.5.1 $yntax rules
Syntax Fules are used to help describe the form that FOTIran exical TOKens, Statements, an

d constructs

may take. These syntax rules are expressed in a variation of Backus-Naur form (BNF) in which:

(1

(2)

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

otherwise noted.

Lower-case italicized letters and words (often hyphenated and abbreviated) represent general

syntactic classes for which specific syntactic entities must be substituted in actual st

atements.
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Some common abbreviations used in syntactic terms are:

3)

(4)

two-

syntg
as ng
caseg

Each|

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:

is introduces a syntactic class definition

introduces a syntactic class alternative

or
[]
(]
]

encloses an optional item

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

continues a syntax rule

x rules are distributed as appropriate throughout the text, and are.referenced by num

rules| also are collected in Annex D.

The
used
acco

Ob

(5)

(6)

An example of

digit-st1

The following f|
digit

digit digit

digit digit

digit digit

When specific ¢

4

67

1999
10243852

syntax rules are not a complete and accurate syntax description of Fortran, and cannot

mpanied by the corresponding constraints and text.

lescent features (1.6) are shown in a distinguishing type size. This is an example of the size

S
for OJ,solescent features.

the use of the syntax rules is:
ing is digit | digit] ...

brms are examples of forms forla digit string allowed by the above rule:

digit digit
digit digit digit digit/digit digit

ntities are substituted for digit, actual digit strings might be:

syntax rule is given a unique identifying number of the form Rsnn, where s is a one-
Higit section number and nn is a two-digit sequence number within_that section. 1

to generate automatically a Fortran parser; whére“a syntax rule is incomplete, it

or
he

per

eded. Some rules in Sections 2 and 3 are more fully described in' later sections; in sgich
, the section number s is the number of the later section where'the rule is repeated. 1

[he

be
is

sed

1.5.2 Assumed syntax rules

In order 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:

1.5.3

1.54

In thg
::Ifc statements and attributes are identified in the text by the upper-case keyword

Spec
state

1.6 [

This
langu

categd
featur
categd
freque

1.6.1

1.6.2

ISO/IEC 1539 : 1991 (E)

scalar-xyz must be scalar.

Syntax conventions and characteristics
(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).
source form statement is given a “-stmt” ending in the syntax rules.

The rules on statement ordering are described rigorously in the definition of

Conversely, everything considered to be a

program-unit

(R202-R216). Expression hierarchy is described rigorously in the definition of expr (R723).

The suffix “-spec” is used consistently for specifiers, such as keyword actual ar

uments and

input/output statement specifiers. It also is used for type declaration attribute
(for example, “array-spec” in R512), and in a few other cases.

definitions.

Text conventions

ent”. Boldface words are used in the text where they(are first defined with a specialize

peleted and obsolescent features
nternational Standard protects the usersiinvestment in existing software by includi

hge elements of FORTRAN 77 that are<not processor dependent. This document i

es considered to have been redundant in FOrRTRAN 77 and largely unused. Those i
ry, obsolescent features, are considered to have been redundant in FOrRTRAN 77, but
ntly.

Nature of deleted features
1)
2)

Better methods\existed in FORTRAN 77.

These features are not included in this revision of Fortran.

Nature of obsolescent features

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

The term “subscript” (for example, R617, R618, and R619) is used consisten

ries of outmoded features. There ar¢lhone in the first category, deleted features, whig

specifications

kes, the term
505).

tly in array

descriptive text, the normal English word equivalent of<a BNF syntactic term is fsually used.

e.g., "END
| meaning.

ng all of the
Hentifies two
h consists of
h the second
are still used

1), (Better methods existed in FORTRAN 77.

2%Y It is recommended that programmers use these better methods in new programs| and convert
existing code to these methods.

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

(4) 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.

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

(6) 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 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions.¢f
this Internationall Standard. At the time of publication, the editions indicated were valid. All standards
are subject to reyision, and parties to agreements based upon this International Standard are encouragdd
to investigate the possibility of applying the most recent editions of the standards indicated below.
Members of IEC pnd ISO maintain registers of currently valid International Standards.

ISO 8601:1988, ata Elements and Interchange Formats—Information interchange—
Reprekentation of dates and times.

ISO 646:1983, Information processing—I150 7-bit coded character set for information interchange.

CCIR Recommendation 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
given only at the appropriate places in later sections.

R201 axe stable 1avaayaas is HEOraIH it

< oTe oot ¥

[ program-unit ] ...
An exefutable-program must contain exactly one main-program program-unit,

R202 | program-unit is main-program

or external-subprogram
or module

or block-data

R1101 | main-program is | program-stmt |

[ specification-part |

{ execution-part |

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

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

R1215 | function-subprogram is functionsstmt

[ speécification-part |
[execution-part ]

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

R1219 | 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 Yrloel—data is—blocldata-stmt
[ specification-part |
end-block-data-stmt

R204  specification-part is | use-stmt ] ...
[ implicit-part |
[ declaration-construct ] ...

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
or
or

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

derived-type-def
interface-block
type-declaration-stmt
specification-stmt
parameter-stmt
format-stmt
entry-stimt

R208 executiop-part

R209  executiop-part-construct

R210  internal{subprogram-part

R211  internaljsubprogram

R212  modulefsubprogram-part

R213  module{subprogram

R214  specificgtion-stmt

or

is

is

or
or
or

is
or

is

is

or
is

or
or
ar.
or
or
or
or
or
or
or

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
subroutine-subprogram

accesssstmt
atlocatable-stmt
connmonmn-stmt
data-stmt
dimension-stmt
equivalence-stmt
external-stmt
intent-stmt
intrinsic-stmt
namelist-stmt
optional-stmt

R215 executable-construct

or
or
or
is

or
or
or
or

’UUl'Hle'I'bl"ll
save-stmt
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-ifistt

or assign-stint

or assigned-goto-stint

or patise-stmt

Constraint: An execution-part must>not contain an end-function-stmt, end-program-stint, or end-
subroutine-stmt.

2.2 Program unit concepts

Progrhm units are the-fundamental components of a Fortran program. A program unit may be a main
program, an external ‘subprogram, a module, or a block data program unit. A subprogrgm may be a
functipn subprogram or a subroutine subprogram. A module contains definitions that arg to be made
accesdible to other program units. A block data program unit is used to specify initial values for data
objects in named common blocks. Each type of program unit is described in Section 11 or 12. An
exterrjal subprogram is a subprogram that is not contained within a main program, a modulg, or another
subprpgratm. An internal subprogram is a subprogram that is contained within a main| program or
another subprogram. A module subprogram is a subprogram that is contained in a module but is not an
internal subprogram.

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 interface
bodies contained within it (12.3.2.1), or

(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 Procedu

A procedure en
program execut
invoked in an e
the expression.
subroutine is a
(12.4.4, 7.5.1.3)
of the data obj
function value.

Procedures are d

2.2.3.1 Externd

An external pro
Fortran. An e>
executable progr

2232 Modul

A module proce
may be invoked
The module con|

2.2.3.3 Internd

An internal pro

Fe

capsulates an arbitrary sequence of computations that may be invoked directly.(duri
on. Procedures are either functions or subroutines. A function is a procedure-that
Kpression; its invocation causes a value to be computed which is then used. iphevaluati
The variable that returns the value of a function is called the result,-variable.
procedure that is invoked in a CALL statement or by a defined assignment statem
A subroutine may be used to change the program state by changing/the values of a
bcts accessible to the subroutine; a function may do this in additiofh to computing

escribed further in Section 12.

Il procedure

tedure is a procedure that is detined by an external‘subprogram or by means other th
ternal procedure may be invoked by the main‘program or by any procedure of
am.

P procedure

Hure is a procedure that is defined by, a module subprogram (R213). A module procedy
by another module subprogram:in the module or by any scoping unit using the modu
faining the subprogram is called-the host of the module procedure.

| procedure

redure is a procedure-that is defined by an internal subprogram (R211). The containi

main program or subprogram is/called the host of the internal procedure. An internal procedure is lo

to its host in the
its other interna

2.2.3.4 Proced

sense that the.internal procedure is accessible within the scoping units of the host and
procedures)but is not accessible elsewhere.

ure inferface block

The purpose of
to permit them

2.24 Module

E procedure interface block is to describe the interfaces (12.3) to a set of procedures a

assignment. It determines the forms of reference through which the pro

cedures may be invoked.

s
ng
A
nt

y
he

an
an

le.

ng
ral

all

nd

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.

Nonexiecutable statements do not specify actions; they are used to configure the program enyironment in
which|computational actions take place. The nonexecutable statements are all those. ot |classified as
executpble. All statements in a block data program unit must be nonexecutable. A module may contain
executpble 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 Staterments 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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ust 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 of Scopng Urit: | 90 | siwate | Bk | B | e | el | e
USE Statement Yes Yes Yes Yes Yes Yes Yes
ENTRY Statement No No No Yes Yes No No
FORMAT Statement Yes No No Yes Yes Yes N6
Misc. Declarations (See Note) Yes Yes Yes Yes Yes Yes Yés
DATA Statempnt Yes Yes Yes Yes Yes Yes No
Derived-Type Definition Yes Yes Yes Yes Yes Yes Yes
Interface Bloc Yes Yes No Yes Yes Yes Yes
Statement Funftion Yes No No Yes Yes Yeb No
Executable Staement Yes No No Yes Yes Yes No
CONTAINS Yes Yes No Yes Yes No No
Note: Misc. Dedlarations are PARAMETER Statements, IMPLICIT Statements, ‘Pype Declaration Statements, gnd
Specification Statpments. Note that the scoping unit ot a module does not inclade any module subprograms that the

module contains.

2.3.3 The END
An end-prograr

exactly one E
statements are
termination of
stmt is equivale

The end-moduld

statement

IND statement. The cid-programsstint, end-function-stnit, and
pxecutable, and may be branch target statements. Executing an end-program-stmt cau
execution of the executable pregram. Executing an end-function-stmt or end-subrouti
ht to executing a return-stimiin a subprogram.

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

2.34 Execution sequence

Execution of an
execution of a
scoping unit.

appearing after
executable cons

executable program begins with the first executable construct of the main program. 1
main progfam or subprogram involves execution of the executable constructs within
When a._procedure is invoked, execution begins with the first executable constr
the invoked entry point. With the following exceptions, the effect of execution is as if
ructs-are executed in the order in which they appear in the main program or subprogr

until a STOP, R

ETURN _or END statement is executed. The ovropfinnc are:

and internal subprogram must hg
end-subroutine-stint

-stmt, end-function-stmt, cnd-subroutine*stmt, end-module-stmt, or end-block-data-sfnt
is an END statement. Each program unit, module subprogram,

ve

€S

10e-

he
its
Lict
he

am

1

explicitly specify a new starting place for the execution sequence.

(2)

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

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
(3)

Altern

the detailed semantics of each of these constructs.

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

Internal subprograms may precede the END statement of a main program or a subprogram. The
execution sequence excludes all such definitions.

12
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Data concepts

xecutable statements are used to define the characteristics of the data environment.

typing variables, declaring arrays, and defining new data types.

241

Data type

39 : 1991 (F)

This includes

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.

24.1.
An in

intrin|
intrin|
value
type

The |
precig
meth
numb

24.1.
A de

of in
(5.1.1
each

| Intrinsic type

trinsic type is a type that is defined implicitly, along with operations, and is always ac
sic types are INTEGER, REAL, COMPLEX, CHARACTER, and LOGICAL. The
kic types are described in 4.3. An intrinsic type may be parameterized, inswhich case ¢
5 depends on the values of the parameters. Such a parameter is called a‘type paramet
parameters are KIND and LEN.

ind type parameter indicates the decimal exponent range for the.integer type (4.3.1.1
ds for the character and logical types (4.3.2.1, 4.3.2.2). (Th€ length type parameter
er of characters for the character type.
P Derived type

ived type is a type that is not defined implicitly.but requires a type definition to declar
rinsic or of other derived types. A scalar object of such a derived type is calle
7). The only intrinsic operation for derived types is assignment with type agreement
Herived type, structure constructors are_available to provide values (4.4.4). In addition

essible. The
properties of

he set of data
er (4.3). The

, the decimal

ion and exponent range for the real and complex types (4.3;1v2, 4.3.1.3), and the fepresentation

specifies the

P components
l a structure
(4.4.5). For
data objects

of d¢rived type may be used as procedure arguments and function results, and mdy appear in
inputfoutput lists. If additional operations are needed for a derived type, they must b¢ supplied as
procadure definitions.

Derivled types are described further-in 4.4.

2.4.2| Data value

Each |intrinsic type has associated with it a set of values that a datum of that type may takq. The values

for e
comp
type

24.3

hch intrinsic type” are described in 4.3. Because derived types are ultimately specifie
onents of intrinsic types, the values that objects of a derived type may assume are deter
Hefinitiod and the sets of values of the intrinsic types.

Data entity

] in terms of
mined by the

A da

a enlity 1s a data object, the result ot the evaluation oI 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.

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

Subobjects 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 referenced by a name are:

a named scalar (a scalar object)
a named array (an array object)

Subobjects referenced by a subobject designator are:

an array element (a scalar subobject)
an array section (an array subobject)
a structure [COTPONENt (T SCalar or an array subobject)
a substring (a scalar subobject)

24.3.1.1 Variable

A variable may| have a value and may be defined and redefined during execution of-an executal

program.

2.4.3.1.2 Consiant

A constant has|a value and cannot become defined or redefined during, éxecution of an executal
program. A cdnstant with a name is called a named constant and has_the PARAMETER attriby

(5.1.2.1). A constant without a name is called a literal constant (4.3).

2.4.3.1.3 Consiant subobject

A constant subdbject is a portion of a constant. The portion¢reférenced may depend on the value of

variable. For expmple, given:

CHARACTER (LEn 10>, PARAMETER :: DIGITS = '0123456789'
CHARACTER (LEN = 1) :: DIGIT
INTEGER :: I

DIGIT = DIGITH (I:I)
DIGITS is a nanjed constant and DIGITS((I;I} designates a constant subobject of DIGITS.

2.4.3.2 Expression

An expression produces a data.entity when evaluated. An expression (7.1) represents either a d4
reference or a cdmputation, and‘is formed from operands, operators, and parentheses. The type, valy

and rank of an gxpression-tésult are determined by the rules in Section 7.

2.4.3.3 Function reference

A function refetencé (12.4.2) produces a data entity when the function is executed during expressi

—_

e

Dn

evaluation. The type and rank of a function result are determined by the interface of the function

(12.2.2). The value of a function result is determined by execution of the 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
declaration. The rank of a named array, once declared, is constant and the extents may be constant also.
Howevyer—the—extents—ray—vaty—curing—execution+for—a—dummy—argument—array—an—automatic array, a
pointef array, and an allocatable array.

Two drrays are conformable if they have the same shape. A scalar is conformable with~any|array. Any
intrinsfc operation defined for scalar objects may be applied to conformable objects.)ySuch operations 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 irfvolved in a
“scalartlike” operation to produce the corresponding element in the result array, and all such element
operatjons may be performed in any order or simultaneously. Such®an operation is flescribed as
elemertal.

A rank-one array may be constructed from scalars and other carrays and may be reshaped into any
allowdble array shape (4.5).

Arrays may be of any intrinsic type or derived type and aré.described further in 6.2.

2.4.6 |Pointer

A pointer is a variable that has the POINTER-attribute. A pointer is associated with |a target by
allocafion (6.3.1) or pointer assignment (7.5.2). “A pointer must not be referenced of defined until it is
associgted. A pointer is disassociated following execution of a NULLIFY or DEALLOCATE ptatement or
followjing pointer association with a disassociated pointer. A disassociated pointer is njot currently
associated with a target (14.6.2). If the pointer is an array, the rank is declared, but thq extents are
deterntined 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 phypical storage
charadteristics of datd” objects. However, program units that include storage association dependent
featur¢s must observe.certain storage constraints (14.6.3).

2.5 Hundamental terms

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

2.5.1 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).

2.5.3 Declaration

The term declakation refers to the specification of attributes for various program entities. Otten this
involves specifyjing the data type of a named data object or specifying the shape of a named array objegt.

2.5.4 Definition

The term definition is used in two ways. First. when a data object is given a valid valug during program
execution, it is said to become defined. This is often accomplished by executiofi of an assignmpnt
statement or input statement. Under certain circumstances, a variable does not hdve a predictable vajue
and is said to Be undefined. Section 14 describes the ways in which variablesrmay become defined dnd
undefined. The second use of the term definition refers to the declaratign of derived types gqnd
procedures.

255 Reference

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

A procedure reference is the appearance of the procedurefiame or its operator symbol or the assignment
symbol in a coftext requiring execution of the procedure\at that point.

The appearancg of a data object name, data subdbject designator, or procedure name in an actjual
argument list dpes not constitute a reference to that data object, data subobject, or procedure unless syich
a reference is n¢eded to complete the specificatior’ of the actual argument.

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

2.5.6 Associdation

Association maly be name association (14.6.1), pointer association (14.6.2), or storage association (14.6[3).
Name associatipn may be argument association, host association, or use association.

Storage associalion causes,ditferent 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 nameq in
different scoping units.

2.5.7 Intrinsic

The qualifier intrinsic signifies that the term to which it is applied is defined 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
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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. An empty
sequence has no first or last element.

17
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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 processor character set is processor dependent. The structure of a processor character set is:

1)
(2)

(a)

(b
(
(
(

)
)
d)

e)

C

The letters, digit

R301 characte

R302 alphanu

Except for the d
3.1.3, and 3.1.4]
3.1.1 Letters
The twenty-six 1
ABCDE
The set of lettery

If a processor a
upper-case letter

3.1.2 Digits

Contr[al—daa‘aekw Erewlinel
Graphic characters

for example)
1

| etters (3.1.1)

PDigits (3.1.2)

[Underscore (3.1.3)

Bpecial characters (3.1.4)

Dther characters (3.1.5)

5, underscore, and special characters make up the Fortran character set.

is alphanumeric-character
or special-character

~r

is letter
or digit
or underscore

meric-character

urrency symbol, the graphics used for-the characters must be as given in 3.1.1, 3.1
However, the style of any graphic.s‘not specified.

ptters are:
FGHIJKLMNOPQRSTUVWXYZ
defines the syntactic class letter.

so permits lower-case letters, the lower-case letters are equivalent to the correspondi
5 in program units except in a character context (3.3).

The ten digits are:

012345

6789

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.
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Special characters

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

Table 3.1 Special characters

The
used
toker

3.15

Addi
chara

The

chard
avail
chard

3.2
The

sequsg
They]
delin

3.2

Character Name of Character Character Name of Character

Blank : Colon

= Equals ! Exclamation Point

+ Plus ! Quotation Mark or Quote
Miros % 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

wenty-one special characters define the syntactic class special=character. The special
for operator symbols, bracketing, and various forms of)'separating and delimiting
s. The special characters $ and ? have no specified use:

Other characters

Hefault character type must support\a character set that includes the Fortran charact

bble in the nondefault character_types are not specified, except that one character in ea
cter type must be designatedia’s a blank character to be used as a padding character.

Low-level syntax

low-level syntax_describes the fundamental lexical tokens of a program unit.

nces of characters with indivisible interpretations that constitute the building blocks
are keywords, names, literal constants other than complex literal constants, ope
iters, comma, =, =>, :, ::, ;, and %.

Keywords

Hional characters may be representable in the-processor, but may appear only in charag
cter string edit descriptors, comments, and“input/output records (4.3.2.1, 10.2.1, 3.3
9.1.1).

cter sets may be supported by the)processor in terms of nondefault character types. 1

Lexid

rharacters are
other lexical

ter constants,
1.1, 3.3.2.1,

br set. Other
'he characters
ich nondefault

al tokens are
f a program.
ators, labels,

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

3.2.2

Names

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

R304

Constraint:

name is letter | alphanumeric-character | ...

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

NAME_LENGTH
SPREAD OUT

TRAILER

3.2.3 Constants

is
or

is

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

literal-constant
named-constant

int-literal-constant

R305 constant

R306 literal-constant
R307 named{constant
R308 int-congtant
Constraint:

R309 char-canstant

or
or
or
or
or
is

is

is

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

namne

constant

inft-constant must be of type integer.

constant

Constraint: char-constant must be of type character.

3.2.4 Operators

R310

R708
R709

R710

R712
R714

20

intrinsif-operator

power-pp

mult-op

add-op

concatiop

is

or
or
or
or
or
or
or
or

is
is
or
is
or

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

% Xk

*
/
+

rel-op

is

or .
or .
or .
or .
or .

or
or
or
or
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R719
R720
R721
R722

R311

R704
R724
R312

Cons

3.2.5
A std
R313]
Cons

If a
must
distix
9999
10
014

are al statement labels. The lasttwo are equivalent.

3.2.6
Delin

..
/.
|

ISO/IEC 1539 : 1991 (E)

or >
or > =
not-op is .NOT.
and-op is .AND.
or-op is .OR.
equiv-op is .EQV.
or .NEQV.
defined-operator is defined-unary-op

or defined-binary-op

or extended-intrinsic-op

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

traint: A defined-unary-op and a defined-binary-op must not contaif_more than 31 le
not be the same as any intrinsic-operator or logical-literal:constant.

Statement labels
tement label provides a means of referring to an individual-statement.
label is digit | digit | digit\)digit [ digit 1 1] |
traint: At least one digit in a label must be nonzero.

statement is labeled, the statement must coptain a nonblank character. The same st
not be given to more than one statement.in a scoping unit. Leading zeros are not
guishing between statement labels. Forlexample:

9

Delimiters
hiters are used, to.€nclose syntactic lists. The following pairs are delimiters:

<)
./
o P

ters and must

atement label
significant in

3.3

source torm

A Fortran program unit is a sequence of one or more Fortran statements, comments, and INCLUDE 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 must be used to separate names, constants, or labels from adjacent keywords, names, constants,
or labels. For E)(Bunplc, 11T

REAL X
READ 10
30 po K=1,3

the blanks are refjuired after REAL, READ, 30, and DO.

One or more blanks must be used to separate certain adjacent keywords and may ‘bé optionally used
between others, as follows.

Blanks Optional Blank Mandatory

BLOCK DATA CASE DEFAULT

DOUBLE PRECISION DO WHILE

ELSE [F IMPLICIT type-spec

END BLOCK DATA IMPLICIT NONE

END DO INTERFACE ASSIGNMENT
END FILE INTEREACE 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 QUT

SELECT CASE

3.3.1.1 Free foim commentary

The character “I{ inifiates 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 line. Lines containing only blanks or containing no characters are also comment lines.
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 1&” not in a comment is the last nonblank character on a line or the last nonblank chafacter before
an “!"| the statement is continued on the next line that is not a comment line. If the)fifst nonblank
charadter on the next noncomment line is an “&", the statement continues at the next\chardcter position
followling the “&"; otherwise, it continues with the first character position of the next nonconTnent line.

If a lgxical token is split across the end of a line, the first nonblank character on the first following
noncomment line must be an “&” immediately followed by the successive characters of the split token.
3.3.1.3.2 Character context continuation

If a cHaracter context is to be continued, the “&" must be the last monblank character on the ljne and must
not bq followed by commentary. An “&" must be the first nonblank character on the next lime that is not
a comjment line and the statement continues with the next character following the “&".

3.3.1.4 Free form statements

A label may precede any statement not forming, part of another statement. Note tha no Fortran
statenfent begins with a digit. A free form stategiént must not have more than 39 continuatidn lines.

3.3.2 |Fixed source form

In fixéd source form, there are restrictions on where a statement may appear within a line{ If a source
line c¢ntains only default kind chatdcters, it must contain exactly 72 characters; otherwise, |ts maximum
number of characters is processordependent.

Excepf in a character context, blanks are insignificant and may be used freely throughout the |program.

3.3.2.]) Fixed tform commentary

The character “!” initiates a comment except when it appears within a character context or[in character
positipn 6. The‘comment extends to the end of the line. If the first nonblank character on a|line is an “!"
in any character position other than character position 6, the line is a comment line. Lirjes beginning
with 3 “C’Cor “*” in character position 1 and lines containing only blanks are also comments, Comments
may appear anywhere within a program unit and may precede the first statement of the program unit.

ravra anat

C el Lot tlog ot bt £l
ommmentsave o erreCt o e e rpretatron— ot progha—tiits

3.3.2.2 Fixed 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

;" 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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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

continued. Comment lines may occur within a continued statement.

3.3.24 Fixed

form statements

be

A label, if present, must occur in character positions 1 through 5 of the first line of a statement;

otherwise, posi
a statement foll
continuation lix
The program u
have an initial

3.4 Includin

Additional tex{
accomplished w

INCLUDH
The char-litera
An INCLUDE

An INCLUDE
nonblank text
allowed.

The effect of
prior to progr
lines; such nes

depth of nesting of any nested INCLUDE Aines is processor dependent.

referenced by 3
text.

When an INCL
the last include:

The interpreta
interpretation i

]l[
ine must appear on a single source line where &statement may appear; it must be the o

tall: INCLUDE line is as if the referenced source text physically replaced the INCLUDE

ions 1 through 5 must be blank. Blanks may appear anywhere within a label. Note that

owing a “;” on the same line must not be labeled. Character positions 1 through 5 of
es must be blank. A fixed form statement must not have more than 19 continuationli

ine that appears to be a program unit END statement.

g source text

may be incorporated into the source text of a program unit duxing processing. Thi
ith the INCLUDE line, which has the form

char-literal-constant
Lconstant must not have a kind type parameter value thalt is a naned-constant.

ne is not a Fortran statement.

on this line other than an optional trailingjcomment. Thus, a statement label is

processing. Included text may contain any source text, including additional INCLU
ed INCLUDE lines are similarlit replaced with the specified source text. The maxim
Inclusion of the source
n INCLUDE line must not,»at any level of nesting, result in inclusion of the same soy

UDE line is resolved, the first included statement line must not be a continuation line
H statement line must not be continued.

ion of charsliteral-constant is processor dependent. An example of a possible v
b that charliteral-constant is the name of a file that contains the source text to be includ

!

nit END statement must not be continued and no other statement in the program\unit n

ny
es.
hay

5 1S

nly
not

ine

DE

ext
rce

ind

h]id
ed.
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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.

For example, the logical data type has a set of two values, denoted by the lexical tokens .TRUE. and

.FALSE

An e
depen
string

The n
the sd
value
has a
value

An in
chara
“pred

In ad
comp
requil
comp
name

Mean

il : 1 13 1 : 1 :
L., WhHICH 4T fTalllpulated Dy 10g1Cdl OPCTdUOITS.

ample of a less restricted data type is the integer data type. This data type has
dent set of integer numeric values, each of which is denoted by an optionaltsign f
of digits, and which may be manipulated by integer arithmetic operations and/yelation:

heans by which a value is denoted indicates both the type of the value and a particulg
t of values characterizing that type. Intrinsic data types are parameterized. In this ca
is constrained by the value of the parameter or parameters. For.example, the charag
length parameter that constrains the set of character values tg those whose length is
of the parameter.

trinsic type is one that is predefined by the language. Thentrinsic types are integer, r
cter, and logical.
pfined” in this sense.

lition to the intrinsic types, application specific types may be derived. Objects of deriy

ed to supply the name of the type and themames and types of its components. For e
ex type were not intrinsic but had to be\derived, a type definition would be required
“complex” and declare two components, ‘each of type real.

5 are provided to denote values_ofya derived type (4.4.4) and to define operations tha

a processor-
Hlowed by a
|- operations.

r member of
se, the set of
ter data type
equal to the

pal, complex,

The phrase “defined intrinsically” ‘will be used later in this secion to mean

ed type have

bnents. Each component is of an intrinsic type or of a derived type. A type definition (4.4.1) is

ample, if the
o supply the

can be used

to manipulate objects of a derived type (4.4.5). A derived type must be defined in the executable
program, whereas an intrinsic typé.s predefined.

A detived type may be used only where its definition is accessible (4.4.1). An intrinsic type is always
accesgible.

4.1 The concept of data type

A data type has{I) a name, (2) a set of valid values, (3) a means to denote such values (cdnstants), and

(4) a

bet of operations to manipulate the values.

4.1.1

Setof values

For 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 defined by functions with the OPERATOR interface (12.3.2.1).

described in Sec

tions 7 and 12.

Operator definitions are

For derived typs
executable prog

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

4.2 Relationship of types and values to objects

The name of a
declaration speq
Once a derived
attributes in ad
how its type an

An array is a cqd

Scalar data of 3
of the same typ
a scalar object ¢

A scalar objec
subobjects.

Variables may

data type serves as a type specifier and may be used to declare objects of that type.

type is defined, an object may be declared to be of that type~Data objects may h{
lition to their types. Section 5 describes the way in which aldata object is declared 4
] other attributes are specified.

llection of subobjects.

ny intrinsic or derived type may be shaped in a rectangular pattern to compose an ar
e and type parameters. An array is an object and has a type and type parameters just
oes.

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

be objects or subobjects. The data“type of a variable determines which values t

variable may take. Assignment provides one méans of defining or redefining the value of a variable

any type. Assi
both the variab
differing intrins
of an integer
ASSIGNMENT

an intrinsic deri

The data type o

4.3 Intrinsic

The intrinsic da

rnment is defined intrinsically™for all types when the type, type parameters, and shape
e and the value to be assigned to it are identical. Assignment between objects of cert
c types, type parameters,~and shapes is described in Section 7. For example, assignm
value to a real vdriable is defined intrinsically. A subroutine (7.5.1.3) and
interface block (1273,2.1) define an assignment that is not defined intrinsically or redefi
ved-type assignment.

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

data types

he

A

ifies the type of a named object. A data object may be declared éxplicitly or impliciffly.

ve
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of
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ba\types are:

numeric types:
nonnumeric types:

Integer, Real, and Complex
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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Each numeric type includes a zero value, which is considered to be neither negative nor positive. 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
kind values that provide a given range, one providing the smallest range is returned by the intrinsic
function SELECTED_INT_KIND (13.13.92). The decimal exponent range of a representation method is
returrjed 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 dat

type default integer.

Any ihteger value may be represented as a signed-int-literal-constant.

R401
R402
R403
R404
R405

R406

-

signed-digit-string s | sign ] digit-string

s digit | digit ] ...

—

digit-string

signed-int-literal-constant is | sign | int-literal-constant

—

int-literal-constant s digit-string | _kind-param |

kind-param is digit-string

or scalar-int-constant-name
sign is +

or -

Constraint: The value of kind-param musfcbe nonnegative.

Consfraint:

The dptional kind type parameter following digit-string specifies the kind type parameter
constgnt; if it is not present, thé gonstant is of type default integer.

Exam

473
+56
-101
212
21_8

for the integer type.

bles of unsigned and signed integer literal constants are:

An integer constant is interpreted as a decimal value.

b entity is of

The value of kind-param ust specify a representation method that exists on thie processor.

f the integer

arameter value

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

to an

R407

integer scalar variable.

boz-literal-constant is binary-constant
or octal-constant
or hex-constant
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R408

Constraint:

R409

Constraint:

R410

R411

In these constar
number systems|
F may be repres

binary-constant

octal-constant

hex-constant

hex-digi

1991 (E)

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]..."

digit must have one of the values 0 through 7.

is Z ' hex-digit | hex-digit ] ...’
or Z " hex-digit | hex-digit ] ... "

is digit
or A

or
or
or
or E
or F

B
C
D

ts, the binary, octal, and hexadecimal digits are interpreted aecording to their respect

bnted by their lower-case equivalents.

4.3.1.2 Real type

The real type ha
Or more approx
representation method and is characterized by a value(tor a type parameter called the kind ty

Thd

parameter.
function KIND

s values that approximate the mathematical real numbers. A processor must provide t
mation methods that define sets of values for data of type real. Each such method ha

kind type parameter of an approximation method is returned by the intrinsic inqu
13.13.51). Among the kind values -that provide a given precision and a given expon

range, one providing the smallest decimal ‘precision is returned by the intrinsic funct
SELECTED_REAL KIND (13.13.93). The décimal precision and decimal exponent range of
approximation |method are returned by the\intrinsic functions PRECISION (13.13.79) and RAN
(13.13.85).

The type specifier for the real type is.the keyword REAL and the type specifier for the double precis

real type is the

If the type keyw

keyword DOUBLE PRECISION.
ord REAL is specified and the kind type parameter is not specified, the default kind va

is KIND (0.0) and the data entity is of type default real. If the type keyword DOUBLE PRECISION

specified, a king

The kind type

double precisior

type parameéter must not be specified and the data entity is of type double precision r¢
barameter-of such an entity has the value KIND (0.0D0). The decimal precision of
real approximation method must be greater than that of the default real method.

If the processor supports lower-case letters in the source form, the hex-digits A throy

ve

gh

b d
pe
ry
nt

an
GE

ue
is
al.

he

R412  signed-feal-literal-constant _is [ sign 1 real-literal-constant
R413  real-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

28


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

ISO/IEC 1539 : 1991 (E)

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

constiant.

e value of the

Exanjples of signed real literal constants are:

10.9BE7_QUAD

In 14.93E7_QUAD, the named constant QUAD must have been defined and its value myst be a valid
kind [type parameter value for the real type.

4.3.1{3 Complex type

The komplex type has values that approximaté the mathematical complex numbers. The values of a
complex type are ordered pairs of real valges. The first real value is called the real part, ahd the second
real yalue is called the imaginary part.

Each|approximation method used to répresent data entities of type real must be available foy both the real
and |maginary parts of a data.eftity of type complex. A kind type parameter may be specified for a
complex entity and selects for{ both parts the real approximation method characterized by fhis kind type
eter value.

The type specifier for (the' complex type is the keyword COMPLEX. There is no keywopd for double
precipion complex., IfJthe type keyword COMPLEX is specified and the kind type parpmeter is not
specified, the defaulf kind value is the same as that for default real, the type of both parts is default real,
and the data entity is of type default complex.

R41
R418

commiplex-literal-constant is ( real-part , imag-part )

teal-part is signed-int-literal-constant
Of SigHed-Teal-titeral-constant

R419  imag-part is signed-int-literal-constant
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)
(6.0_4, 3.6E7_8)

4.3.2 Nonnumerictypes

The nonnumeriq types are provided for nonnumeric processing. The intrinsic operations definedfot)eqch
of these types are given below.

4.3.21 Character type

The character type has a set of values composed of character strings. A character stfing is a sequence|of
characters, numbered from left to right 1, 2, 3, ... up to the number of characters in the string. Tlhe
number of charcters in the string is called the length of the string. The length™is a type parameter; |its
value is greater than or equal to zero. Strings of different lengths are all of type character.

A processor mubt provide one or more representation methods that define sets of values for data of type
character. Each such method is characterized by a value for a type  parameter called the kind type
parameter. Th¢ kind type parameter of a representation methodyis/returned by the intrinsic inqujry
function KIND[(13.13.51). Any character of a particular representation method representable in the
processor may dccur in a character string of that representationdmethod.

If the kind type|parameter is not specified, the default kind“wvalue is KIND ('A’) and the data entity is|of

type default chafacter.

~

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

A character litdral constant is written as a sequence of characters, delimited by either apostrophes|or
quotation markg.

R420 char-litdqral-constant is [\kind-param _] ' [ rep-char ] ...’
or | kind-param _ " | rep-char ] ... "

Constraint: THe value of kind-pdram must specify a representation method that exists on the processo

I

The optional kifd type paramieter preceding the leading delimiter specifies the kind type parameter of the
character constant; if it is ot present, the constant is of type default character.

For the type character™with kind kind-param, if present, and for type default character otherwise| a
representable chiaracter, rep-char, is:

(1)  Any kharacter in the processor-dependent character set in fixed source form. A processor may
restrict 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 delimiting 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

both of which have the value DON'T and

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

Exampjes of nondefault character literal constants, where the processor suppofts -the cqrresponding
characfer sets, are:

CYRILLIC_' Des geé "HuuTo HEeBO3MOXHO '
HINDIL' TP far=AT b L HUF =g *
MAGYAR_' Onélkiile, nem csindlhatom'
NIHONGO_' #AZL L TIAML TEZ !

where |CYRILLIC, HINDI, MAGYAR, and NIHONGO are fiamed constants whose values are the kind
type parameters for Cyrillic (Russian and other Slavic-languages), Hindi, Magyar (Hungarian), and

Nihongo (Japanese) characters, respectively. Note that Nihongo is a very large (ideographijc) character
set, whereas Cyrillic, Hindi, and Magyar are alphabetic’

43.2.111 Collating sequence

Each implementation defines a collating seguence for the character set of each kind of character. A
collating sequence is a one-to-one mapping\of the characters into the nonnegative integers sufh that each
characfer corresponds to a different norinegative integer. The intrinsic functions CHAR and [ICHAR (see
Section 13) provide conversions betweéen the characters and the integers according to this mapping. Thus,

ICHAR ( 'character’ )
returng the integer value of fthe specified character according to the collating sequence of the pfocessor.
For 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) ICHAR\(0') < ICHAR (1) < - - - < ICHAR ('9) for the ten digits.

(B) ICHAR (" ') < ICHAR (0) < ICHAR ('9) < ICHAR (A"} or

ICHAR ( ) < ICHAR (‘A’) < ICHAR ('Z) < ICHAR (0).

(&) ICHAR (a) < [CHAR (b) < - - < ICHAR ('ZJ, 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 processor must provide one or more representation methods for data of type logical. Each such

method is chard

parameter of a

If the kind type
is of type defau

R421

Constraint:

The optional ki
logical constant

The intrinsic o
inclug

(.LAND.),
as described in
values of data

described in 7.2

The type specif

4.4 Derived

Additional dat:
define the nam
resolved into ultimate components that.are either of intrinsic type or are pointers.

By default, der
any scoping ur
such types to the host modulé.itself. A particular type definition may be declared to be public or priy
regardless of th

its components

By default, no
definition of a
the component

logical-

epresentation method is returned by the intrinsic inquiry function KIND (13.13.51);

t logical.

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

iteral-constant

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

nd type parameter following the trailing delimiter specifies thé’kind type parameter of
if it is not present, the constant is of type default logical.

perations defined for data entities of logical type afe: negation (.NOT.), conjunct
ive disjunction (.OR.), logical equivalence (.EQV.)~and logical nonequivalence (.NEQ
7.2.4. There is also a set of intrinsically defined relational operators that compare

entities of other types and yield a value of type default logical. These operations
.3.

er for the logical type is the keyword LOGICAL.

types

types may be derived from'the intrinsic data types. A type definition is required
of the type and the names and types of its components. Ultimately, a derived typ

b
o

ived types defined-inithe specification part of a module are accessible (5.1.2.2, 5.2.3
it that accesses the“module. This default may be changed to restrict the accessibility

p default acgessibility declared for the module. In addition, a type may be accessible w
are private. '

storage* sequence is implied by the order of the component definitions. However, if

Cterized by a vatue for a type parameter cattedthekimttype parameter—Tekimdty

parameter is not specified, the default kind value is KIND (.FALSE.) and the dafd ent

pe

ity
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the
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derived type contains a SEQUENCE statement, the type is a sequence type. The ordes

definitions in a sequence type specitics a StoTage Sequence for objects of that type.

The type specifier for derived types is the keyword TYPE followed by the name of the type in parentheses

(R502).

44.1 Derived-type definition

R422
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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.

Constraint:  An access-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 the derived type
definition must contain the PRIVATE statement or the derived type must be\private.

Constraint: A derived type type-name must not be the same as the name of any_-intrinsid type 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 jas that in the
corresponding derived-type-stmt.

R426( component-def-stmt is type-spec [ | , componentatir-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-deftstint.

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

Congtraint: If the POINTER attribute is\$pecified for a component, a type-spec in the component-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 |

Condtraint: If the\POINTER attribute is not specified, each component-array-spec must be an explicit-
shape-spec-list.
Condtraint=<—If the POINTER attribute is specified, each component-array-spec must be a deferred-shape-
spec-list.

fiad 3 i t

C o ot Tlo 3 .l ] ) '™ H Htad Jarif tha term 3 3 e ar
Onauauu. 1T coLunur l('l&tll UyLlUll 19 }l(llllll\(u Ullly 11 v1TC Lyl.l\. B AT IEACA I B R -2 2 A1 3 ~p ury

Constraint: A char-length in a component-decl must be a constant specification expression (7.1.6.2).

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

The accessibility 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 private, then the type name, the structure value constructor (4.4.4) for the type, any entity
that is of the type, and any procedure that has a dummy argument or function result that is of the type
are accessible onlywithirmthemodute tontaimingthedefinitiomn:

If a type definitign 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 cdmponent
names and hence the internal structure of the type are inaccessible in any scoping unit accessing the
module via a USE statement. Similarly, the structure constructor for such a type may be employed only
within the defining module.

An example of a|derived-type definition is:

TYPE PERSON
INTEGER AGSH
CHARACTER (LEN = 50) NAME

END TYPE PERSON

An example of de¢claring a variable CHAIRMAN of type PERSON is:
TYPE (PERSON) |:: CHAIRMAN

A type definition| may have a component that is an array. For‘example:

TYPE LINE
REAL, DIMENSION (2, 2) :: COORD X1, Y&, X2, Y2
REAL :: WIDTH I Line width in centimeters
INTEGER :: PATTERN U, 1-for solid, 2 for dash, 3 for dot

END TYPE LINE
An example of declaring a variable LINE. SEGMENT to be of the type LINE is:
TYPE (LINE) :: LINE_SEGMENT

The scalar variaple LINE_SEGMENT has a component that is an array. In this case, the array is|a
subobject of a sdalar. Note that the double colon in the definition for COORD is required; the doubje
colon in the definition for WIDTH and PATTERN is optional.

An example of a|type with private components is:

MODULE DEFINITIONS

TYPE POINT

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
CHARACTER (LEN = 20) :: MESSAGE

END TYPE AUXIIIARY

Such 3 type would be accessible only within the module in which it is defined.

An expmple of a numeric sequence type is:

TYPE INUMERIC_SEQ
SHQUENCE
INTEGER :: INT_VAL
REAL :: REAL_VAL
LJGICAL :: LOG_VAL
END T[YPE NUMERIC_SEQ

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

TYPE REFERENCE
INTEGER :: VOLUME,<YEAR, PAGE
CHARACTER (LEN = 50) :: TITLE
CHARACTER, DIMENSION (:), POINTER :: ABSTRACT

END TYPE REFERENCE

Any dbject of type REFERENCE will have the' four components VOLUME, YEAR, PAGE,|and TITLE,
plus & pointer to an array of characters\holding ABSTRACT. The size of this target afray will be
determined by the length of the abstract?) The space for the target may be allocated (6.3.1) of the pointer
compqnent may be associated with ajtarget in a pointer assignment statement (7.5.2).

A poipter component of a derived type may have as its target an object of the type of which it is a
compqnent. For example:

TYPE NODE
INTEGER :: VALUE
TYPE (NODE), POINTER  :: NEXT_NODE
END TJYPE

A typ¢ such.as.this may be used to construct linked lists of objects of type NODE.

4.4.2 [Determination of derived types

A particular type name may be defined at most once in a scoping unit. Derived-type definitions with the
same type name may appear in different 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 Sus

The definition ¢f derived type POINT is known in subroutine SUB because the scoping unit of’SUB is
contained withfn the scoping unit of the containing program unit (host association). Because the
declarations of K1 and A both reference the same derived-type definition, X1 and A have the“same type.
X1 and A also would have the same type if the derived-type definition was in a module-and both SPB
and its containifg program unit accessed the module.

An example of ¢lata entities in different scoping units having the same type is:

PROGRAM PGM
TYPE EMPLQYEE
SEQUEN(E
INTEGER ID_NUMBER
CHARACTER (50) NAME
END TYPE BMPLOYEE
TYPE (EMPUOYEE) PROGRAMMER
CALL SUB (PROGRAMMER)

END PROGRAM RGM

SUBROUTINE SUB (POSITION)
TYPE EMPLQYEE

SEQUEN(CE
INTEGER ID_NUMBER
CHARACTER (50) NAME

END TYPE

TYPE (EMPYOYEE) POSITION

END SUBROUTINE SUB

The actual arggment RROGRAMMER and the dummy argument POSITION have the same type becapse
they are declated” with reference to a derived-type definition with the same name, the SEQUENICE
property, and 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 the corresponding component of the derived type. For nonpointer components, the shape of the
expression must conform with the shape of the component. A structure constructor whose component
valuep are all constant expressions is a derived-type constant expression. A structure contructor must
not appear before the referenced type is defined.

This ¢xample illustrates a derived-type constant expression using a derived type defined in 4.4.1:
PERSON (21, 'JOHN SMITH')

A defived-type definition may have a component that is an array. Also,an object may b an array of
derived type. Such arrays may be constructed using an array constructor (475).

Where a component in the derived type is a pointer, the corresponding constructor expression must
evalupte to an object that would be an allowable target for such) a pointer in a pointgr assignment
staternent (7.5.2). For example, if the variable TEXT were declared (5.1) to be

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

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

the statement

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

is valid and it identifies the ABSTRAGT component of the object BIBLIO with the target object TEXT.

Note| that a constant expression.-must not be constructed for a derived type containing a pointer
complonent because a constant ‘walue is not an allowable target in a pointer assignment statement.

4 45| Derived-type agperations and assignment

Any |operation ontdefived-type entities or nonintrinsic assignment for derived-type entjties must be
defingd explicitly)by a function or a subroutine and a procedure interface block (12.3.2.1) Arguments
and flunction_valies may be of any derived or intrinsic type.

4.5 Construction of array values

An array constructor is defined as a sequence of specified scalar values and is interpreted as a rank-one
array whose element values are those specified in the sequence.

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

Constraint: 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 (8.1.4.4).

oop arrZatro armaexecutro S ST C—as 1O a DT Costruc S {7

For an ac-implieg=do; -
variable of an dc-implied-do that is contained within another ac-implied-do must not appear as the“qc-
do-variable of tHe containing ac-implied-do.

a0

An empty sequence forms a zero-sized rank-one array.
The type and type parameters of an array constructor are those of the ac-value expressions!

If every expression in an array constructor is a constant expression, the array constructor is a constant
expression. An pxample is:

REAL X (3)
X=(/ 3.2, 401, 6.5 /)

A one-dimensional array may be reshaped into any allowable array shape using the RESHAPE intringic
function (13.13.48). An example is:

Y = RESHAPE ($OURCE = (/ 2.0, (/ 4.5, 4.5 /), X /), SHAPE = (/ 3, 2 /))

This results in Y|having the 3 X 2 array of values:

20 3.2
4.5 4.01
4.5 6.5

Examples of array constructors containing an implied-DO are:
(/ (I, 1=1,1107% N

and
(/3.6, 3.6 1,1=1,N00D

Using the type definitions for PERSON and LINE of 4.4.1, an example of the construction of a derived-
type array valuelis:

(/ PERSON (20} 'SMITHY), PERSON (20, 'JONES') /)
and an example pf the-construction of a derived-type scalar value with an array component is:
LINE (RESHAPE -—&0-8,—4-8,0-0:2-86H+—2—2>+551+

In the latter example, the RESHAPE intrinsic function is used to construct a value that represents a solid
line from (0, 0) to (1, 2) of width 0.1 centimeters.
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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.
Additional attributes also may be specified by separate specification statements; all of them may be

included in a type declaration statement.

For eample:

INTEGER INCOME, EXPENDITURE

declares the two data objects named INCOME and EXPENDITURE to have the typeJinteger.
REAL,) DIMENSION (-5:+5) :: X, Y, Z

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

5.1 Type declaration statements
R501 | type-declaration-stmt is type-spec [ [ , attr-spéc | ... :: | entity-decl-list

R502 | type-spec is INTEGER [ kind-selector ]

or REAL [ kind-selector ]

or DOUBLE PRECISION

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

or TYPE ( 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 —emntity-dect is—object-mame { (arrayspec ) T
B | * char-length | | = initialization-expr |
or function-name | ( array-spec ) | | * char-length |

R505  kind-selector is ([ KIND = |} scalar-int-initialization-expr )

are explicit-
of 11.

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:

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
dummy argument or a function result.

A .

—declared—with—-a O 2 3
ar| array-spec that is a deferred-shape-spec-list (5.1.2.4.3).

wxith

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

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

If |the POINTER attribute is specified, the TARGET, INTENT, EXTERNAL, or INTRIN$IC
atfribute 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, pointérs,
allocatable arrays, functions, or objects in a common block.

The INTENT and OPTIONAL attributes may be*specified only for dummy arguments.
An entity must not have the PUBLIC attributeif its type has the PRIVATE attribute.
T

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

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

Ah entity in a type-declarationsstimt must not have the EXTERNAL or INTRINSIC attribute
specified unless it is a function.

array must not have\both the ALLOCATABLE attribute and the POINTER attribute.

entity must not be given explicitly any attribute more than once in a scoping unit.

The value ofscalar-int-initialization-expr must be nonnegative and must specify] a
representation method that exists on the processor.

Note that the |double.colon separator in a type-declaration-stmt is required only if an attr-spec|or

= initializationt-eXpr is specified; otherwise, the separator is optional.

A name that identifies a specific intrinsic function in a scoping unit has a type as specified in 13.12. An
explicit type declaration statement is not required; however, it is permitted. Specifying a type 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,

The presence of = initialization-expr implies that object-name is saved, except for an object-name in a
named common block. The implied SAVE attribute may be reaffirmed by explicit use of the SAVE
attribute in the type declaration statement, or by incluston of the object-name In a SAVE statement
(5.2.4).

Examples of type declaration statements are:

REAL{ A (10)
LOGILAL, DIMENSION (5, 5) :: MASK1, MASK2
COMPLEX :: CUBE_ROOT = (-0.5, 0.866)

INTERER, PARAMETER :: SHORT = SELECTED_INT_KIND (4)
REAL| (KIND (0.0D0)) A

REAL| (KIND = 2) B

COMPLEX (KIND = KIND (0.000)) :: C

INTEGER (SHORT) K I Range at least -9999 t0-9999.
TYPE| (PERSON) :: CHAIRMAN

5.1.1 |Type specifiers

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

5.1.1.) INTEGER

The INTEGER type specifier specifies that all entities whose names are declared in this stafement are of
intrinsic type integer (4.3.1.1).\.The kind selector, if present, specifies the integer representdtion method.
If thq kind selector is absent, ‘the kind type parameter is KIND (0) and the entities declarefl are of type
default integer. An entitydeclared with a type specifier INTEGER (KIND (0)) is of the samp kind as one
declared with the typé specifier INTEGER.

5.1.1.2 REAL

The REAL «type specitier specifies that all entities whose names are declared in this statement are of
intrinkic type real (4.3.1.2). The kind selector, if present, specifies the real approximation method. If the
kind peléctor is absent, the kind type parameter is KIND (0.0) and the entities declared are]:)} type default
real. 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 specifier COMPLEX.

5.1.1.5 CHARACTER

The CHARACTER type specifier specifies that all entities whose names are declared in this statement are

of intrinsic type

R506  char-sele

R507  length-se

R508 char-leng

The
deq
Thd
apg
The
rep

Thg

The char-selecto
length of charact]
overrides the len,
length-selector o

Constraint:

Constraint:

Constraint:

Constraint:

is not specified im a char-selector'or a * char-length, the length of the entity is 1.

R509 type-par

A

an

Constraint:

haracter (4.5.2.1).

ctor 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

fector ([ LEN = | type-param-value )

* char-length [, ]
h

~

is ( type-param-value )
or scalar-int-literal-constant

optional comma in a length-selector is permitted only in a type-spec in a typ
jaration-stmt.

optional comma in a length-selector is“permitted only if no double colon separat
ears in the type-declaration-stmt.

value of scalar-int-initializatiori=éxpr must be nonnegative and must specify
resentation method that exists orithe processor.

scalar-int-literal-constant_must not include a kind-param.

in the CHARACTER. type-spec and the * char-length in the entity-decl specify the
br entities. The * chat-length in an entity-decl specifies the length for a single entity and
bth specified in thé char-selector. If a * char-length is not specified in an entity-decl, the
type-param-valué specified in the char-selector is the length of the entity. If the length

is specification-expr
or *

him-valué

uniétion name must not be declared with an asterisk type-param-value if the function|i
internal or module tunction, array-valued, pointer-valued, or recursive.

An assumed type parameter is a type parameter of a dummy argument that is specified with an asterisk
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)

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 kind type parameter is KIND ("A’) and the entities declared are of type default character.

Examples of character type declaration statements are:

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

5.1.1.4 LOGICAL

The LOGICAL type specifier specifies that all entities whose names are declared in this statpment are of
intrindic type logical (4.3.2.2).

The kjnd selector, if present, specifies the representation method. If the kind selector is absent, the kind
type garameter is KIND (.FALSE.) and the entities declared are of.fype default logical.

5.1.1.7 Derived type

A TYPE type specifier specifies that all entities whose mames are declared in this statement are of the
derived type specified by the type-name. The components of each such entity also are declared to be of
the types specified by the corresponding componentidef statements of the derived-type-def (4.4.1). When
a datq entity is specified to be of a derived type, the derived type must have been defined previously in
the scpping unit or be accessible there by use or*host association.

A scalar entity of derived type is a structuge. If a derived type has the SEQUENCE propgrty, 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 [structure.

A deglaration for a nonsequence(derived-type dummy argument must specify a derived [type that is
accesspd by use association or thgst association because the same definition must be used to|declare both
the adtual and dummy arguments to ensure that both are of the same derived type. This regtriction does
not apply to arguments of sequence type (4.4.2).

5.1.2 |Attributes

The afdditional-aftributes that may appear in the attribute specification of a type declaratipn statement
further specifysthe nature of the entities being declared or specify restrictions on their use in the program.

5.1.2.1 \PARAMETER attribute

The PARAMETER attribute specifies that entities whose names are declared in this statement are named
constants. The object-name becomes defined with the value determined from the initialization-expr 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://iecnorm.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 accessibility attribute specifies the accessibility of entities and derived-type definitions.

R510 access-spec is PUBLIC
or PRIVATE

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

Entities that are| declared with a PRIVATE attribute are not accessible outside the modulé)) Entities that
are declared with a PUBLIC attribute may be made accessible in other program~units by the UBE
statement. Entifies 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 example of gn accessibility specification is:

REAL, PRIVATH :: X, Y, Z

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

R511 intent-spec is IN
or OUT
or INOUT

Constraint: The INTENT attribute must not be “specified for a dummy argument that is a dummy
prpcedure 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 (QUT) 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 associafed
with such a ddmmy argument“must be definable. On invocation of the procedure, such a dummy
argument becomes undefined:

The INTENT (INOUT) attribute specifies that the dummy argument is intended for use both to recejve
data from and to return data to the invoking scoping unit. Any actual argument that becomes associafed
with such a dummy argument must be definable.

If no INTENT attribute is specified for a dummy argument, its use is subject to the [imitations 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 assumed-shape-spec-list
or deferred-shape-spec-list

Oz a c130
OF— S HHIEH-SHEE=5€

Consfraint: The maximum rank is seven.
Examjples of DIMENSION attribute specifications are:

SUBRPUTINE 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 z: S (N, %)

Automatic explicit-shape array
Assumed-shape arrays

Array pointer

Array pointer
Allocatable\array

Assumed-si-2e array

5.1.24.1 Explicit-shape array

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

R513| explicit-shape-spec is [ lower'bound : } upper-bound
R514| lower-bound is specification-expr
R51S| upper-bound is- specification-expr

Consfraint: An explicit-shape artdy whose bounds depend on the values of nonconstanjt expressions
must be a dummy.argment, a function result, or an automatic array of a progedure.

An afitomatic array is an explicit-shape array that is declared in a procedure subprogram, is pot a dummy
arguthent, and has bounds-that are nonconstant specification expressions.

If an| explicit-shape array has bounds that are nonconstant specification expressions, the|bounds, and
hencg shape, are determined at entry to the procedure by evaluating the bounds expressions]| The bounds
of sych an arfay-are unaffected by any redefinition or undefinition of the specificatign expression
variaples during’ execution of the procedure.

The Valuesof each lower-bound and upper-bound determine the bounds of the array along a particular
dimepsiont and hence the extent of the array in that dimension. The value of a lower boundl or an upper
bound may be positive, negative, or zero. The subscript range of the array in that dimension is the set of
integer values between and including the lower and upper bounds, provided the upper bound is 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-shape array is an array pointer or an allocatable array.

An allocatable array is a named array that has the ALLOCATABLE attribute and a specified rank, but its
bounds, and hence shape, are determined when space is allocated for the array by execution of an

ALLOCATE statement (6.3.1).

The ALLOCAT
ALLOCATABL
deferred-shape-s
statement (5.2.3
type declaration

An array pointdr is an array with the POINTER attribute and a specified rank. Its\type, type parametg

and rank are s
bounds, and he
or by executior]
array in a type
attribute must
statement, or a

R517  deferred

ABLE attribute may be specified for an array in a type declaration statement ©r-in
E statement (5.2.6). An array with the ALLOCATABLE attribute must be declared wit
pec-list in a type declaration statement, an ALLOCATABLE statement, a DIMENSI(

statement.

pecified in a type declaration statement or a component definition statement, but
nce shape, are determined when it is associated with a target by pointer assignment (7.5
of an ALLOCATE statement (6.3.1). The POINTER attribute may be specified for
declaration statement or in a POINTER statement (5.207).” An array with the POINT
be declared with a deferred-shape-spec in a type'declaration statement, a POINT
PDIMENSION statement (5.2.5).

-shape-spec is

The rank is equ

The size, bounds, and shape of an unallocated allocatable array are undefined. No part of such an arj
may be defined, nor may any part of it be referénced except as an argument to an intrinsic inqu
function that is|inquiring about the allocation status or a property of the type or type parameters. T
lower and uppdr bounds of each dimension ‘dre those specified in the ALLOCATE statement when

array is allocat

The size, boun
an array may
inquiry functior
association staty

(1) They

(2) They
the 1

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

, and shape of the target of a disassociated array pointer are undefined. No part of s
e defined, nor mayvany part of it be referenced except as an argument to an intrin
that is inquiring-about argument presence, a property of the type or type parameters,
s. The bounds of each dimension of an array pointer may be specified in two ways:

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

are specified in a pointer assignment statement. The lower bound of each dimension
psult\.of the LBOUND function (13.13.52) applied to the corresponding dimension of

an
N a
DN

), or a TARGET statement (5.2.8). The type and type parameters may)be) specified in a

its
.2)
an
FR
ER

is

he

targe

t \The upper bound of each dimension is the result of the UBOUND function (13.13.1

11)

applied to the corresponding dimension of the target.

The bounds of the array target or allocatable array are unaffected 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 result may be declared to have the pointer attribute.
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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
array.

The size of an assumed-size array is determined as follows:

(

) __If the actual argument associated with the assumed-size dummy array is an array

assumed-size

of any type

The ra

An as
dimen
except

reference to the intrinsic function LBOUND.

The b
the as
othery

be omiitted from a subscript triplet in the last dimension.

If an
declar
undefi

5.1.2.5

The S
associ
statem

Objec

associ

other than default character, the size is that of the actual array.

D) If the actual argument associated with the assumed-size dummy array is an/arra
any type other than default character with a subscript order value of r (6,2.2.2) i

size x, the size of the dummy array is x —r + 1.

If the actual argument is a default character array, default character array element
character array element substring (6.1.1), and if it begins at character storage unit
with ¢ character storage units, the size of the dummy array is\MAX (INT ((c — ¢
where e is the length of an element in the dummy character\array.

nk equals one plus the number of explicit-shape-specs.

Lumed-size array has no upper bound in its last dimension and therefore has no exte
tion and no shape. An assumed-size array name ggust not be written as a whole ar
as an actual argument in a procedure reference “for which the shape is not requ

bunds of the first n — 1 dimensions are thosé specified by the explicit-shape-spec-list,
sumed-size-spec. The lower bound of, the last dimension is lower-bound,-if pre
ise. An assumed-size array may be suibscripted or sectioned (6.2.2.3). The upper boy

assumed-size array has bounds“that are nonconstant specification expressions, the
bd at entry to the procedutel The bounds of such an array are unaffected by any re
nition of the specificatiori.expression variables during execution of the procedure.

SAVE attribute

AVE attribute specifies that the objects declared in a declaration containing this attribut
htion status,%allocation status, definition status, and value after execution of a RETU
ent in the-scoping unit containing the declaration. Such an object is called a saved obij

htion-status, allocation status, definition status, and value when any procedure that

modu

y element of
an array of

or a default
b of an array
+ 1) / e), 0),

nt in its last
ay reference
red or in a

f present, in
sent, and 1
nd must not

bounds are
definition or

P retain their
RN or END
pCt.

s in #he $coping unit of a module may be declared with a SAVE attribute. Such objects retain their

accesses the

e in"a USE statement executes a RETURN or END statement.

Objects 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 a pointer assignment (7.5.2) or an ALLOCATE statement (6.3.1), it becomes pointer associated
with a target opbj irred: T T — ed
with a deferred-shape-spec-list. An object with the POINTER attribute occupies an unspecified ;storpge
unit (14.6.3.1). | Examples of POINTER attribute specifications are:

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

5.1.2.8 TARGE[ attribute

The TARGET 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 accessibleCpointer associated with| it.
Examples of TARGET attribute specifications are:

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

5.1.2.9 ALLOCATABLE attribute

The ALLOCATABLE attribute specifies that objects declared in the statement are allocatable arrgys.
Such arrays mpist be deferred-shape arrays whose shape is determined when space is allocated for epch
array by the execution of an ALLOCATE statement.(6:3'1).

5.1.2.10 EXTERNAL attribute

The EXTERNAIL attribute specifies that an(object name in a declaration containing this attribute is|an
external functign or a dummy function(and permits the name to be used as an actual argument. This
attribute also 'lay 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 specific or| generic name of an intrinsic function and permits the name to be used as an acfual
argument if it fs a specifi¢ name of an intrinsic function (13.12). This attribute also may be declared |via
the INTRINSI( statement (12.3.2.3).

5.2 Aftribute specification statements

All attributes (other than type) may be specified 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 interface
body (12.3.2.1).

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) :: A, B

5.2.2 [OPTIONAL Statement
R520 | optional-stmt is OPTIONAL { :: | dummy-arg-name-list
Constlaint: An optional-stmt may occur only in the scoping unit of a subprogram-¢r, an int¢rface body.

This statement specifies that any of the specified dummy arguments need not belassociated wjith an actual
argument on an invocation of the procedure (12.5.2.8). Each specified dummy argument has the
OPTIONAL attribute.

An expmple of an OPTIONAL statement is:

SUBRQUTINE EX (A, B)
ORTIONAL :: A

5.2.3 |Accessibility statements
R521 | access-stmt is access-spec | [\:'] access-id-list |

R522 | access-id is use-name
or generic-spec

Constfaint: An access-stmt may appear only in the scoping unit of a module. Only on¢ accessibility
statement with an omitted-access-id-list is permitted in the scoping unit of a moglule.

Constraint: Each use-name must be the name of a named variable, procedure, derived fype, named
constant, or namelist.group.

Constfaint: A module procedure that has a dummy argument or function result of a type that has
PRIVATE acecessibility must have PRIVATE accessibility and must not haye a generic
identifierthat has PUBLIC accessibility.

This statement declares the accessibility, PUBLIC or PRIVATE, of the entities (5.1.2.2). A procedure that
has a| generic identifier (12.3.2.1) that is public is accessible through the generic identifigr even if its
speciffc name\js_private.

If an pccess-stmt without an access-id-list appears in the scoping unit of a module, the statement sets the
default“accessibility that applies to all potentially accessible entities in the scoping unit of|the module.
The statement

PUBLIC

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.
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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: A object-niare must not be a dummy argument name, a procedure name, a TUNction res
name, an automatic data object name, or the name of an entity in a common block.
Constraint: If o SAVE statement with an omitted saved entity list occurs in a scoping unit, "no oth

explicit occurrence of the SAVE attribute or SAVE statement is permitted~in) the sar
scdping unit.

All objects namdd explicitly or included within a common block named explicitly have(the SAVE attriby
(5.1.2.5). If a pprticular common block name is specified in a SAVE statement in ary scoping unit of
executable program other than the main program, it must be specified in a SAVE statement in eve
scoping unit in which that common block appears except in the scoping unit ©fthe main program. Foq
common block Heclared in a SAVE statement, the current values of the‘objects in a common blo
storage sequenced (5.5.2.1) at the time a RETURN or END statement is executed are made available to t
next scoping unjt in the execution sequence of the executable program)that specifies the common blo
name or accessep the common block. If a named common block ‘is specified in the scoping unit of t
main program, the current values of the common block storage.'sequence are made available to ea

scoping unit tha
common block

block storage sequence.

A SAVE statem
allowed items in

A SAVE stateme
An example of a

SAVE A, B, C,

5.2.5 DIMENSI(

R525 dimensig

This statement s

specifies the named common block. The definition status of each object in the nam
torage sequence depends on the association that has been established for the comm

bnt with an empty saved entity lishis treated as though it contained the names of
the same scoping unit.

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

DN statement

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

pecifies a list of object names to have the DIMENSION attribute (5.1.2.4) and specif

n-stmt

the array proper

ties\that apply for each object named.

An example of a

DIMENSION statement is:

DIMENSION A (10), 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

5.2.7 POINTER statement

R527 | pointer-stmt is POINTER [ :: ]| object-name B
B | ( deferred-shape-spec-list ) | B
B [, object-name (| ( deferred-shape-spec-list.)’] ] ..

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

Constfaint: If the DIMENSION attribute for an object-name is specified élsewhere in the 4coping unit,
the array-spec must be a deferred-shape-spec-list.

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

This sfatement specifies a list of object names that have the POINTER attribute (5.1.2.7). Ap object that
has tHe POINTER attribute must not be referenced or defined unless, as a result of executing a pointer
assignment (7.5.2) or an ALLOCATE statement (6.3.1), it Begomes pointer associated with a [target object
that may be referenced or defined.

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

POINTEER :: CURRENT, A (:, )
5.2.8 [TARGET statement

R528 | target-stmt is TARGET [ :: ] object-name | ( array-spec ) | R
M [, object-name [ ( array-spec ) ] ] ...

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

This dtatement specifiesca list of object names that have the TARGET attribute and thu§ may have
pointdrs associated with them.

An expmple of a TARGET statement is:
TARGHT :: ANI000, 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-set | ...
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—ctarred vagl litayal ~nactais
teHeg—FearHeFah—CORSHHH

or structure-constructor

or boz-literal-constant
R534  data-stmt-repeat is scalar-int-constant
R535  data-implied-do is ( data-i-do-object-list , data-i-do-variable = B

B scalar-int-expr , scalar-int-expr | , scalar-int-expr ] )

R536  data-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 constdnt)parent.

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

Constraint:  dgta-i-do-variable must be a named variable.

Constraint: The DATA statement repeat factor must be positive or zero. If the DATA statement repeat
fdctor is a named constant, it must have'been declared previously in the scoping unit|or
miade accessible by use association or-host association.

Constraint:  If|a data-stmt-constant is a structiive-constructor, each component must be an initializatjon
expression.

Constraint: Ir] 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: Al variable whose, name or designator is included in a data-stmt-object-list or a data-i-Ho-
object-list mustonot’ be: a dummy argument, made accessible by use association or Host
adsociation, jin“a named common block unless the DATA statement is in a block data
program umit; in a blank common block, a function name, a function result name, |[an
agitomaticiobject, a pointer, or an allocatable array.

Constraint: I atvgrray-element or a scalar-structure-component that is a data-i-do-object, any subscript
my be—aR—eXPression hose—primaries—are—eithe onstan i
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.

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.

The expanded sequences of scalar variables and constant values are in one-to-one correspondence. Each
constant specifies the initial value for the corresponding variable. The lengths of the two expanded
sequences must be the same.

object is of type character or logical, the corresponding constant must be of the-same
bject is of type real or complex, the corresponding constant must be of~type intg
ex. When the object is of type integer, the corresponding constant either‘mist be of
br complex, or must be a binary, octal, or hexadecimal literal constant\ ¥ an object
the corresponding constant must be of the same type.

If an
the of
comp
real,

type,

The
intrin
accor

type. When
ger, real, or
type integer,
is of derived

the rules of
e constant in

alue of the constant must be compatible with its corresponding. varfiable according t¢
bic assignment (7.5.1.4), and the variable becomes initially defined with the value of tH
Hance with the rules of intrinsic assignment.

ples of DATA statements are:

ACTER (LEN = 10) NAME

bER, DIMENSION (0:9) :: MILES
DIMENSION (100, 100) SKEW
(PERSON) MYNAME, YOURNAME

Exam

CHAR
INTE
REAL
TYPE

DATA|NAME / 'JOHN DOE' /, MILES / 10 =@/

DATA| ((SKEW (K, J), J =1, K), K= 1,8100) / 5050 = 0.0 /
DATA| ((SKEW (K, J), J = K + 1, 1002,"K =1, 99) / 4950 » 1.0 /
DATA|MYNAME / PERSON (21, 'JOHN (SMITH') /

DATA| YOURNAME % AGE, YOURNAME % “NAME / 35, 'FRED BROWN' /

The g
the lg

haracter variable NAME /s initialized with the value JOHN DOE with padding on the
ngth of the constant is.less than the length of the variable. All ten elements of the

right because
integer array

MILEP are initialized to zero: The two-dimensional array SKEW is initialized so that the lower triangle of
SKEW is zero and the strict upper triangle is one. The structures MYNAME and YOURNAME are
declafred using the derived type PERSON from 4.4.1. MYNAME is initialized by a structurg constructor.
YOURNAME is initialized by supplying a separate value for each component.

5.2.10 PARAMETER statement

The PARRAMETER statement provides a means of defining a named constant. Named congtants defined
by a PARAMETER statement have exa he came propertiesand restrictic hose-decldred in a type
statement 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.

53


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

ISO/IEC 1539 : 1991 (E)

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 hgs the PARAMETER attribute.

An example of a PARAMETER statement is:

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

5.3 IMPLICIT statement

In a scoping unit, an IMPLICIT statement specifies a type, and possibly type parameters, for @l implicitly
typed data entitfes whose names begin with one of the letters specified in the statement. Alternatively] it
may indicate that no implicit typing rules are to apply in a particular scoping unit.

R540  implicit{stmt is IMPLICIT implicit-spec-list
or IMPLICIT NONE

R541  implicit{spec is type-spec ( letter-spec-list )

R542  letter-spec is letter [ - letter |

Constraint: If [IMPLICIT NONE is specified in a scoping unit, it Jmust precede any PARAMETER
stdtements that appear in the scoping unit and there mfust be no other IMPLICIT statemepts
in [the scoping unit.

Constraint: If [the minus and second letter appear, the'second letter must follow the first letfer
alphabetically.

A letter-spec cofsisting of two letters separated by a dtinus is equivalent to writing a list containing all|of
the letters in alghabetical order in the alphabetic sequence from the first letter through the second lettpr.
For example, A}C is equivalent to A, B, C. The same letter must not appear as a single letter, or |be
included in a rafpge of letters, more than once'in all of the IMPLICIT statements in a scoping unit.

In each scoping |unit, there is a mapping, ‘which may be null, between each of the letters A, B, ..., Z and
a type (and typp parameters). An IMPLICIT statement specifies the mapping for the letters in its lettpr-
spec-list. IMPLICIT NONE specifies the null mapping for all the letters. If a mapping is not specified for
a letter, the default is the mapping in the host scoping unit. A program unit is treated as if it had a hpst
with the declarafion

Any data entity|that(is not explicitly declared by a type declaration statement, is not an intrinsic functign,
and is not made¢ dccessible by use assocxatlon or host assoc1at10n is declared 1mp11c1tly to be of the type
(and type pararreters}—rapp rr—the ette e—m A aull—The
data entity is treated as 1f it were declared in an explicit type declaratlon in the outermost scoping unit in
which it appears. An explicit type specification in a FUNCTION statement overrides an IMPLICIT
statement for the name of that function subprogram.

The following 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

END MODULE EXAMPLE_MODULE

ISO/IEC 1539 : 1991 (E)

I

SUBRﬂUTINE SuB

PLICIT COMPLEX (C)

c= (3.0, 2.0 t C is implicitly decltared COMPLEX
CONTAINS
SUBROUTINE SuB1

EN

sy

EN

IMPLICIT INTEGER (A, C)
¢ = (0.0, 0.0) 't C is host associated and of
type complex

!
Z2=1.0 I ' Z is implicitly declared REAL
A=2 I A is implicitly declared INTEGER
cC =1 b CC is implicitly declared-~INTEGER
D SUBROUTINE SUB1

BROUTINE SUBZ2

2=2.0 i 2 is implicitly“declared REAL and
I is different from the variable of
| the same namé in SUB1

D SUBROUTINE SUBZ2

SUBROUTINE SUB3

EN
END S

An N
staten]

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

Q = FUN (K)

D SUBROUTINE SuB3
UBROUTINE SUB

MPLICIT statement may specify a type-spec of derived type.
enbvand a type defined as follows:

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

For example, given T\ IMPLICIT

IMPLI
TYPE

CIT TYPE (POSN) (A-B, W-Z), INTEGER (C-V)
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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5.4 NAMELIST 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 is NAMELIST / namelist-group-name / B
B namelist-group-object-list A
B [ [, ]/ namelist-group-name / B
M namelist-group-object-list | ...

R544  namelist-group-object is variable-name

Constraint: A namelist-group-object must not be an array dummy argument with a nonconstant bound,

a fariable With NONCONSIANT CHATActer [ength, an automatic Object, a POINter, a variabie of a

type that has an ultimate component that is a pointer, or an allocatable array.

Constraint: If o namelist-group-name has the PUBLIC attribute, no item in the namelist-group‘object-

may have the PRIVATE attribute.

The order in which the data objects (variables) are specified in the NAMELIST statement -determines

order in which the values appear on output.

st

he

Any namelist-gfoup-name may occur in more than one NAMELIST statement invd scoping unit. The
namelist-group-pbject-list following each successive appearance of the same- nainelist-group-name in a

scoping unit is freated as a continuation of the list for that namelist-group-name’

A namelist groyp object may be a member of more than one namelist group.

A namelist grofip object must either be accessed by use or host assoclation or must have its type, type

parameters, and shape specified by previous specification statements in the same scoping unit or by
implicit typing frules currently in effect for the scoping unit. {IfJa namelist group object is typed by

he
he

implicit typing|rules, its appearance in any subsequent type declaration statement must confirm this

implied type.
An example of H NAMELIST statement is:
NAMELIST /NLIST/ A, B, C

5.5 Storage|association of data-objects

In general, the |physical storage units\or storage order for data objects is not specifiable. However,
EQUIVALENCEH statement, the COMMON statement, and the SEQUENCE statement provide for control

of the order and layout of storage”units. The general mechanism of storage association is described| in

14.6.3.

5.5.1 EQUIVALENCE statement

An EQUIVALENCE statement is used to specify the sharing of storage units by two or more objects i

scoping unit. This‘causes storage association of the objects that share the storage units.

If the equivalenced objects have differing type or type parameters, the EQUIVALENCE statement does
not cause type conversion or imply mathematical equivalence. If 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 is EQUIVALENCE equivalence-set-list
R546  equivalence-set is ( equivalence-object , equivalence-object-list )
R547  equivalence-object is variable-name

or array-element
or substring

——
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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.

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

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.

Consfraint:

Conslraint:

Consfraint:

5.5.1.] Equi

If an equivalence-object is of type default character or character sequence type, all of the
objects in the equivalence set must be of these types.

If an equivalence-object is of a derived type that is not a numeric-sequencel or character
sequence type, all of the objects in the equivalence set must be of the-same type.

If an equivalence-object is of an intrinsic type other than default 'integer, defaulf real, double
precision real, default complex, default logical, or default character, all of the pbjects in the
equivalence set must be of the same type with the same kindWype parameter vglue.

valence association

An EQUIVALENCE statement specifies that the storage sequentes (14.6.3.1) of the data objects specified
in an|equivalence-set are storage associated. All of the nonZero-sized sequences in the equipalence-set, if

any, have th

e same first storage unit, and all of the zero<sizéd sequences in the equivalence-spt, if any, are

storage associated with one another and with the firsf\storage unit of any nonzero-sized sequences. This

causep the st

of other data objects.

5.5.1.2 Equivalence of default charagcter objects

a obje

ter. The lengths of the equivalenced objects are not required to be the same.

orage association of the data objects in the equivalence-set and may cause storage association

ct of type default character may be equivalenced only with other objects of| type default

An EQUIVALENCE statement specifies that the storage sequences of all the default character data objects

an equivalence-set’ are storage associated. All of the nonzero-sized sequences in the

lence-set, if any, hate the same first character storage unit, and all of the zero-sized sequences in

the efjuivalence-set, if any; are storage associated with one another and with the first chafacter storage

f any

nonzerotsized sequences. This causes the storage association of the data gbjects in the

equivalence-set and\may cause storage association of other data objects. For example, using the

declafations:

CHARACTER
CHARACTER
EQUIVALENC

(LEN = :
(LEN = :
E (A, C (1), B, C 2N

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

1

I—

2 3 4 5 6 7
- A - — I

1 —| |- @ -
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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 Restrictions on EQUIVALENCE statements

An EQUIVALENCE statement must not specify that the same storage unit is to occur more than once in a
storage sequence. For example,

REAL, DIMENSION (2) :: A
REAL :: B
EQUIVALENCE (A (1), B), (A (2), B) ! Not standard conforming

is prohibited, befause it would specify the same storage unit for A (1) and A (2). An EQUIVALEN({E
statement must hot specify that consecutive storage units are to be nonconsecutive. For example, the
following is proHibited:

REAL A (2)
DOUBLE PRECISION D (2)
EQUIVALENCE (A (1), D (1)), (A (2), D (2)) ! Not standard conforming

5.5.2 COMMON statement

The COMMON] statement specifies blocks of physical storage, called, common blocks, that may be
accessed by any lof the scoping units in an executable program. Thus{ the COMMON statement provides
a global data fhcility based on storage association (14.6.3). Thé common blocks specified by the
COMMON statdment may be named and are called named common blocks, or may be unnamed and afe
called blank common.

R548 commontstmt is COMMON [ / [ common-block-name | / ] R
B common-block-object-list W
B |[.]/[\common-block-name ]/

B compon-block-object-list ] ...
R549  commontblock-object is variable=name | ( explicit-shape-spec-list ) |

Constraint: Only one appearance of a givén variable-name is permitted in all common-block-object-lidts
within a scoping unit.

Constraint: A |common-block-objedt must not be a dummy argument, an allocatable array, n
automatic object,.a‘function name, an entry name, or a result name.

Constraint: Eagh bound ir{_the explicit-shape-spec must be a constant specification expression (7.1.6.2).
Constraint: If 4 common=block-object is of a derived type, it must be a sequence type (4.4.1).

Constraint: If 3 daridble-name appears with an explicit-shape-spec-list, it must not have the POINTER
attribute

In each COMMON 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)
COMMON I, J, K

5§5.2.1 Common block storage sequence
For edch common block, a common block storage sequence is formed as follows:

1) A storage sequence is formed consisting of the sequence of storage Units contained 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 theé 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. Theé-sequence may be extended only by
adding storage units beyond the last storage unit. Data“objects associated with gn entity in a
common block are considered to be in that common block.

5.5.22 Size of a common block

The size of a common block is the size of its common block storage sequence, including any fextensions of
the sefjuence resulting from equivalence association;

5.5.2.3 Common association

Withih an executable program, the comman block storage sequences of all nonzero-sized commmon blocks
with the same name have the same {ifst storage unit, and the common block storage sequences of all
zero-sized common blocks with thé_same name are storage associated with one another| Within an
execufable program, the common.block storage sequences of all nonzero-sized blank commor} blocks have
the same first storage unit and the storage sequences of all zero-sized blank common blocks dre associated
with ¢ne another and with tthe*first storage unit of any nonzero-sized blank common blocks.| This results
in the|association of objects in different scoping units.

A nonpointer object, of-default integer type, default real type, double precision real type, deflault complex
type, [default logical-type, or numeric sequence type must become associated only with nonpginter objects
of these types.

A nonpointer object of type default character or character sequence type must become asgociated only
with xl\onpointer objects of these types.

A nonpointer object of a derived type that is not a numeric sequence or character sequence type must
become associated only with nonpointer objects 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) 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).

(2) 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.

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

statement or type declaration statement in a block data program unit, but objects in blank
commpmen—must-aot bC 1nitiauy dcflncd (11.4).

5.5.2.5 Restrigtions on common and equivalence

An EQUIVALENCE statement must not cause the storage sequences of two different common-blockg to
be associated. [Equivalence association must not cause a common block storage sequence to) be extended

by adding storpge units preceding the first storage unit of the first object specified in"a COMMON
statement for tHe common block. For example, the following is not permitted:

COMMON /X/ A
REAL B (2)
EQUIVALENCE (A, B (2)) I Not standard conforming

A common blogk may be declared in the scoping unit of a module (11¢3). “If it is, it must not be declafed
in another scopjng unit that accesses entities from the module by usetassociation.

60

o


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

ISO/IEC 1539 : 1991 (E)

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  wvariable is scalar-variable-name

or_array-pariable-name
Y

or subobject

Congtraint:  array-variable-name must be the name of a data object that is an array;
Congtraint: grray-variable-name must not have the PARAMETER attribute.
Congtraint:  scalar-variable-name must not have the PARAMETER attribute.

Congtraint:  subobject must not be a subobject designator (for examplé, ‘a’ substring) whgse parent is a

constant.
R604  subobject is array-element
or array-section
or structure-component,
or substring
R603  logical-variable is wvariable

Congtraint: logical-variable must be of type logical.

R604  default-logical-variable is wvarigble

Congtraint:  default-logical-variable must. be of type default logical.
R60y  char-variable i6) variable

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

R60q  default-char-variable is variable

Congtraint:  default-char=gariable must be of type default character.
R604  int-variable is variable

Congtraint:  int-variable must be of type integer.

R608  defaultsint-variable is variable

Congtraint:)* default-int-variable must be of type default integer.

Pointers"and allocatable arrays must nat be defined in circumstances explained in 51.214.3. Dummy

arguments or variables associated with dummy arguments must not be defined in circumstances explained
in 12.5.2.1 and 12.5.2.8.

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)
then A, B, B (1),

6.1 Scalars

A scalar (2.4.4) i

an array (6.2).
type.

A scalar has ran}

6.1.1 Substringp

A, B (10
P I See 4.4.1

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

is a data entity that can be represented by a single value of the data type and that is not
Its value, if defined, is a single element from the set of values that characterize its data

[ Zero.

A substring is a [contiguous portion of a character string (4.3.2.1). The following rules define the forms
of a substring:
R609  substring is parent-string ( substring-range )
R610  parent-stying is scalar-variable-name
or array-element
or scalar-structure-component
or scalar-constant
R611  substring-range is [ scalar-int-expr ] : [ scalar-intexpr |
Constraint: parnent-string must be of type character.
The first scalar-fnt-expr in substring-range is called the starfing 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 charactefs in the parent string be numbered' 1, 2, 3, ..., n, where n is the length of the parept

string. Then the
proceeding in se
point must be w
the substring has
point is not spec

If the parent is a

Examples of char

6.1.2 Structure

characters in the substring are ‘those from the parent string from the starting point afd
quence up to and including (the ending point. Both the starting point and the endilg
thin the range 1, 2, ..., n @nleéss the starting point exceeds the ending point, in which cake
length zero. If the starting point is not specified, the default value is 1. If the ending

fied, the default value\is .
variable, the substring is also a variable.
acter substrings are:
B (1:5)

P % NAME (1:1)

ID (4:9)
"UT25456/8Y" (NIN)

array element as parent string
structure component as parent string
scalar variable name as parent string
character constant as parent string

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.

The rank of a data-ref is the rank of the part-ref with nonzero rank, if any; otherwise, the rank is zero.

The p4rent object of a data-ref 15 the data object whose Tarme 15 the feftmost part mame.
Ré614 | structure-component is data-ref
Constifaint: In a structure-component, there must be more than one part-ref and the rightmost part-ref
must be of the form part-name.
The tylpe and type parameters, if any, of a structure component are those of.the rightmost pgrt name. A
structyre component must not be referenced or defined before the declaration of the parerft object. A
structyre component has the INTENT, TARGET, or PARAMETER attribute if the parent object has the
attribyte. A structure component is a pointer only if the rightmost.part name is defined [to have the
POINTER attribute.
Exampglles of structure components are:
SCALAR_PARENT % SCALAR_FIELD sealar 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
6.2 Amrays

An arfay is a set of scalar data, all of thé~same type and type parameters, whose individual
arranged in a rectangular pattern. Théscalar data that make up an array are the array eleme

No orfler of reference to the eleménts of an array is indicated by the appearance of the ar
designptor, except where array element ordering (6.2.2.2) is specified.

variable that is an array; the name does not have a subscript list appended to it.

The appearance of a whole array variable in an executable construct specifies all the elements

elements are
hts.

Ay name or

e name of a
name of a

of the array

(2.4.5). An assumed-size array is permitted to appear as a whole array in an executable cons
an 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:
subscript-list.

truct only as

In an array-element, every part-ref must have rank zero and the last part-ref must contain a
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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
or subscript-triplet
or vector-subscript
R619  subscript-triplet is [ subscript ]| : | subscript | | : stride |
R620  stride is scalar-int-expr
R621  vector-subscript is int-expr

Constraint: Al 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 dimensior| of
am assumed-size array.

An array elem¢nt is a scalar. An array section is an array. If a substring-tange is present in an array-
section, each element is the designated substring of the corresponding element of the array section. [For
example, with {he declarations:

REAL A (10, 100
CHARACTER (LEN = 10) B (5, 5, 5

A (1, 2) is an drray element, A (1:N:2, M) is a rank-one array‘section, and B (:, :, :) (2:3) is an array of
shape (5, 5, 5) Whose elements are substrings of length 2 of the corresponding elements of B.

An array elemgnt or an array section has the INTENT.STARGET, or PARAMETER attribute if its pagent
has the attribute, but it never has the POINTER attribute.

Examples of arfay 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 7% ARRAY_FIELD (1:N) % SCALAR FIELD array section
6.2.2.1 Array rlements

s

The value of a[subscripf in*an array element must be within the bounds for that dimension.

6.2.2.2 Array|element order

The elements of anm afray form a sequence KNOWN as the array element order. I he position of am 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.


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

6.2.2
An a

In an|
subsd
sequd
the s
subsd

In an
the p
and 1
the ny
any

an array section is that of the array data object that the array section represents, |

6.2.2

1SO/IEC 1539 : 1991 (E)

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)
+ (s, —j,) X dy
3 l;l:lfl’ l" :lf ’ I;J‘I(‘J Cl’ s CJ 1< {cl — /"l\
+ (s, —j2) X d,y
+ (s3—j3) X dy X dg
7 ivky ... ik 5y, ..., 57 1+ (s =99
+ (s4372) X dy
+ (53_j3) X dz X d]
+ e e
+ (57— j7) X dy
X ds X X d,
Notes for Table 6.1:
1) d; = max (k;, — j, + 1, 0) is thesize of the ith dimension.
2) If the size of the array is nonzero, j, < s, < k;foralli =1,2,...,7.

3 Array sections
Fray section is an array subobject ©ptionally followed by a substring range.

array-section having a sectiom=subscript-list, each subscript-triplet and vector-subscript
ript list indicates a sequence of subscripts which may be empty (6.2.2). Each subsc
nce must be within the.botnds for its dimension unless the sequence is empty. The af
bt of elements fromethe array determined by all possible subscript lists obtainable fr
ripts or sequences(of) subscripts specified by each section subscript.

array-section‘with no section-subscript-list, the rank and shape of the array is the rank
hrt-ref withononzero rank; otherwise, the rank of the array section is the number of sul
bector subscripts in the section subscript list. The shape is the rank-one array whose
umber-of integer values in the sequence indicated by the ith subscript triplet or vector
bf dhese sequences is empty, the array section has size zero. The subscript order of tH

in the section
ipt in such a
ray section is
bm the single

and shape of
script triplets
ith element is
subscript. If
e elements of

3.1 Subscript triplet

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 greater than the second subscript; the sequence is empty if the first subscript is greater than

the second.

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):

AGB 21 AG22)
A4 21 A@422
A(G,2,1) —A(5 2 2)

When the stride [is negative, the sequence begins with the first subscript and proceeds in incrementscof the

stride down to the smallest such integer equal to or greater than the second subscript; the sequence

empty if the sedond subscript is greater than the first. For example, if an array is declaredB.(10), the

section B (9 : 1 {-2) is the array of shape (5) whose elements are B (9), B (7), B (5), B (3)and B (1), |i

that order.

Note that a subgcript in a subscript triplet need not be within the declared bounds/for/that dimension| if
all values used i selecting the array elements are within the declared bounds. For\example, if an array|is

declared as B (10), the array section B (3 : 11 : 7) is the array of shape (2) consisting of the elements B

and B (10), in thlat order.

6.2.2.3.2 Vector subscript

A vector subscript designates a sequence of subscripts corresponding to the values of the elements of the
expression. Each element of the expression must be defined. “A' many-one array section is an arrpy
section with a vector subscript having two or more elements with the same value. A many-one arrpy
section must no}l appear on the left of the equals in an assignment statement or as an input item inl a

READ statement].

For example, suppose Z is a two-dimensional arrayof shape (5, 7) and U and V are one-dimensional

arrays of shape {3) and (4), respectively. Assume(the values of U and V are:
U=(1827/)
V=(2113/)

Then Z (3, V) cgnsists of elements from the third row of Z in the order:
Z3,2) (23,1) Z@3, 1)) Z(3, 3)

and Z (U, 2) consists of the column elements:
Z2(1,2) |Z(3, 212, 2)

and Z (U, V) copsists-of the elements:
Z(1,2) |[Z&v1) ZQQ, 1) Z(1,3)
23,2 Z@ T Z23E T 2373

Z(2,2) Z(2 1) Z@2 1) 223

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 file must not be an array section with a vector subscript. An array section with a vector
subscript must 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.

6.3.1 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-spectlist ) |
R625| allocate-object is variable-name

or structure-component

R626 | allocate-shape-spec is [ allocate-lower-bound s~} allocate-upper-bound
R627| allocate-lower-bound is scalar-int-expr
R628| allocate-upper-bound is scalar-int-expr

Cons{raint: Each allocate-object must be a pointer 6r-an allocatable array.

Consfraint: The number of allocate-shape-specs®in an allocate-shape-spec-list must be the| same as the
rank of the pointer or allocatable\array. '

A bopnd in an allocate-shape-spec must-not be an expression involving as a primary an grray inquiry
function (13.10.15) whose argument is.any allocate-object in the same ALLOCATE statement

An example of an ALLOCATE statement 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
boungl expressions.determine the bounds of the array. Subsequent redefinition or undefinition of any
entiti¢s in the Bound expressions do not affect the array bounds. If the lower bound is|omitted, the
default valueis 1. If the upper bound is less than the lower bound, the extent in that dim¢nsion is zero
and the array has zero size. Note that allocate-object may be of type character with zpro character
length.

If the STAT= specifier is present, successful execution of the ALLOCATE statement causes the stat-
variable to become defined with a value of zero. If an error condition occurs during the execution 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 successful execution of an ALLOCATE statement for a pointer, the pointer is associated with
the target and fnay be used to reference or define the target. Allocation of a pointer creates an object
that implicitly has the TARGET attribute. Additional pointers may become associated with the oirter
target or a part|of the pointer target by pointer assignment. It is not an error to allocate a pointep thaf is
currently assocjated with a target. In this case, a new pointer target is created as required by fhe
attributes of thf pointer and any array bounds specified in the ALLOCATE statement..The pointer is
then associated |with this new target. Any previous association of the pointer with a target is broken.| If
the previous taiget had been created by allocation, it becomes inaccessible unless it canstill be referred to
by other pointdrs that are currently associated with it. The ASSOCIATED intrinsie function (13.13.13)
may be used to|determine whether a pointer is currently associated.

At the beginnirlg of execution of a function whose result is a pointer, thecassociation status of the regult
pointer is undefined. Before such a function returns, it must either associate a target with this pointer| or
cause the assocfation status of this pointer to become defined as disasso¢iated.

6.3.2 NULLIFY|statement
The NULLIFY statement causes pointers to be disassociated.

R629  nullify-stmt is NULLIFY ( pointer-object-list )

R630  pointerfobject is variable-naié
or structure-component

Constraint: Each pointer-object must have the-POINTER attribute.

6.3.3 DEALLOCATE statement

The DEALLOCATE statement causes-allocatable arrays to be deallocated and it causes pointer targetq to
be deallocated and the pointers to,be disassociated.

R631  deallochte-stmt is DEALLOCATE ( allocate-object-list B
B [, STAT = stat-variable | )

Constraint: Each allocate-object must be a pointer or an allocatable array.

The stat-variable.must not be deallocated within the same DEALLOCATE statement.

If the STAT = specifier is present, successful execution of the DEALLOCATE statement causes the stat-
variable to become defined with a value of zero. If an error condition occurs during the execution of the
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

poin

ter 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:

Any| other allocatable array that is currently allocated becomes undefined and the all
becomes undefined at the execution of a RETURN or END statement.

If af allocatable array has an undefined allocation status, the allocatable array must not b
referienced, defined, allocated, or deallocated.

6.3.3

If a

poin|
cond

An allocatable array with the SAVE attribute,

wrrantlu

An allocatable array in the scoping unit of a module if the module also is accessed by another

pax)
oo 3

NG THRS N S
SCOpMguRtttaat 15 €urrehtty

An allocatable array accessible by host association.

.2 Deallocation of pointer targets

pointer appears in a DEALLOCATE statement, its association'status must be defined.

the pointer must not be deallocated.

A p
deal
inde
targ
port

Whe
poin
one

ocated. If a pointer is currently associated with a portion (2.4.3.1) of a target

bt causes the pointer association status'of any other pointer that is associated with t
on of the target to become undefined.

n the execution of a procedure @ terminated by execution of a RETURN or END
ter association status of a pointer declared or accessed in the procedure becomes undefi
of the following:

A pointer with the SAVE attribute,
A pointer i blank common,

A pointer-in a named common block that appears in at least one other scopi
currently in execution,

Alpointer declared in the scoping unit of a module if the module also is access
scoping unit that is currently in execution,

A pointer accessed by host association, or

ter that is disassociated or whose target was not created byJan ALLOCATE statement g
ition in the DEALLOCATE statement. If a pointer is~Currently associated with an allg

binter that is not currently associated with theéy'whole of an allocated target object

bendent of any other portion of the target object, it must not be deallocated. Dealloc3

pcation status

e subsequently

Deallocating a
auses an error
catable array,

must not be
object that is
ting a pointer
he target or a

statement, the
hed unless it is

g unit that is

ed by another

A pointer that is the return value of a function declared to have the POINTER attribute.

When a pointer target becomes undefined by execution of a RETURN or END statement, the pointer

asso

ciation status (14.6.2.1) becomes undefined.
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: Expressions and assignment

This section describes the formation, interpretation, and evaluation rules for expressions and the
assignment statement.

7.1 Expressions

An expression represents either a data reference or a computation, and its value is either a scalar or an
array. An expression is formed from operands, operators, and parentheses. Simple forms of an operand
are constants anfl variables, such as:

3.0
.FALSE.
A

B (D)
C (I:d)

An operand is €
complicated exp

Examples of intrinsic operators are:

+
*

>
.AND.

7.1.1 Form of

Evaluation of am expression produces a value, which Has a type, type parameters (if appropriate), ang

shape (7.1.4).

N expression

Examples of expressions are:

A+8B
(A-B) x¢C
A ** B
C .AND. D
F//6G

An expression i
level-3 expressio

These categorie

terms of other ¢
below specify the synfax of an expression. he semantics are specitied 1n 7.2 and 7.3.

ither a scalar or an array. An operation is either intrinsic (7.2) ‘or defined (7.3). M
ressions can be formed using operands which are themselves expressions.

5 defined inl-terms of several categories: primary, level-1 expression, level-2 expressi
n, level-4 expression, and level-5 expression.

aré_related to the different operator precedence levels and, in general, are defined
ategories. The simplest form of each expression category is a primary. The rules giv

re

n,

—-

n

7.1.1.1 Primary

R701 primary

70
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or
or
or
or
or
or

constant

constant-subobject

variable
array-constructor

structure-constructor
function-reference
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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:

7.1.1.2

Example Syntactic Class

1.0 constant
'ABCDEFGHIJKLMNOPQRSTUVWXYZ' (I:I)  constant-subobject

A variable

1.4, .u’/) array-constructor
PERSON (12, 'Jones"') structure-constructor
FX,Y) function-reference
(S+1 (expr)

Level-1 expressions

Definedl unary operators have the highest operator precedence (Table/7.7). Level-1 expfessions are
primarjes optionally operated on by defined unary operators:

R703
R704

level-1-expr is | defined-unary-op | primary

defined-unary-op is . letter | letter ] ... .

Constrpint: A defined-unary-op must not contain more than) 31 letters and must not be the

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 morp complicated example of a-lével-1 expression is:

bame as any

p, mult-op,

.INVERSE. (A + B)
7.1.1.3| Level-2 expressions
Level-] expressions are.level-1 expressions optionally involving the numeric operators power-
and add-op.
R705 | mult-operand is level-I-expr | power-op mult-operand ]
R706 | add-operand is | add-operand mult-op | mult-operand
R707 devet-2-expr s Hevel-2=exprudd=op udhd=operand
R708 power-op is k%
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 — T 10710’—7—01”:"1’ F ic o ’o71ol-7-01pr,
- is an add-op,

and 1 is an add-operand. (R707)

A more complitated example of a level-2 expression is:

-~-A+D*E+B*(

7.1.1.4 Level-3 expressions

Level-3 expressjons are level-2 expressions optionally involving the character gperator concat-op.
R711  level-3expr is | level-3-expr concat-op | level-2-expr

R712  concat{op is //

Simple examplgs of a level-3 expression are:

Example  Syntactic Class

A level-2:expr (R707)
B//C levelz3-expr (R711)

A more complitated example of a level-3 expression is:

X // Y // "ABCD'

7.1.1.5 Level4 expressions
Level-4 expresslons are level-3 expressions optionally involving the relational operators rel-op.
R713  level-4{expr is [ level-3-expr rel-op ] level-3-expr

R714  rel-op 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:

(A +B) .NE. C

7.1.1.4 Level-5 expressions

Level-5 expressions are level-4 expressions optionally involving the logical operators not-op| and-op, or-
op, and equiv-op.

R715 | and-operand is [ not-op | level-4-expr

R716 | or-operand is [ or-operand and-op | and-operand

-

R717 | equiv-operand
R718 | level-5-expr

s | equiv-operand or-op ] or-operaxid

s

s | level-5-expr equiv-op | eqttiv-Operand

R719 | not-op is .NOT.
R720 | and-op is .AND.
R721 | or-op is .OR.
R722 | equiv-op is .EQV.
or .NEQV.

Simplp 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 mofe complicated example of a level-5 expression is:

A .AND. B-.EQV. .NOT. C
7.1.1.1 General form of an expression

Expressions 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
B .UNION. C

More complicated examples of an expression are:

(B .INTERSECT. C) .UNION. (X - Y)
A+B EQ. C *D
.INVERSE. (A + B)

level-5-expr (R718)

expr (R723)

A+ B .AND. %D
E//G.EQ. H (1:10

7.1.2 Intrinsic joperations

An intrinsic opgration is either an intrinsic unary operation or an intrinsic binary operation)” An intrirsic
unary operation is an operation of the form intrinsic-operator x, where x, is of an~intrinsic type (4.3)

listed in Table 7.1 for the unary intrinsic operator.

An intrinsic binary operation is an operation of the form x, intrinsic-operator &,)where x| and x, are| of

the intrinsic tyges (4.3) listed in Table 7.1 for the binary intrinsic operator andJare in shape conforma

(7.1.5).

Fable 7.1 Type of operands and result for the intrinsic operation [x1] op x,

hCe

Intrinsic Operator Type of Type of Type of
op X, X {x1] op x,
unary +, - IR, Z LR, Z
binary +, -, *, /, *%* I LR, Z LR, Z
R LR Z R, R, Z
4 IR, Z Z,7 7
// C C C
.EQ., .NE., === 1 IR Z L, L L
R LR, Z L, L L
V4 LR, Z L, L L
C C L
.GIGE., .LT., .LE. 1 IR L, L
>, >=, <, <= R IR L L
C C L
.NOT. L L
AND., .OR., .EQV., .NEQV. L L L

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.

A character intrinsic operation, relational intrinsic operation, and logical intrinsic operation are similarly

defined In terms of a character intrinsic operator (//), relational intrinsic operator (.EQ)., |.NE., .GT.,
.GE., ILT., .LE., ==, /=, >, >=, <, and < =), and logical intrinsic operator (. AND>), .QR., .NOT.,
.EQV.| and .NEQV.), respectively. For the intrinsic operator //, the kind type parameters |must be the
same.

A numeric relational intrinsic operation is a relational intrinsic operation where the opefands are of
numerfc type. A character relational intrinsic operation is a relational intrinsic operation where the
operar]ds are of type character and have the same kind type parameter valte:

7.1.3 pefined operations

A defihed operation is either a defined unary operation or a defined binary operation. A defined unary
operatfon is an operation that has the form defined-unary-ogx, and that is defined by a function and a
generi¢ interface block (12.3.1) or that has the form intrinsic-operator x, where the type of x|, is not that
requir¢d for the unary intrinsic operation (7.1.2), and thatis defined by a function and a gen¢ric interface
block.

A defihed binary operation is an operation that hds'the form x, defined-binary-op x, and thit is defined
by a flinction and a generic interface block or that has the form x, intrinsic-operator x, where the types
or 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 generic.interface block.

Note that an intrinsic operator may be-tused as the operator in a defined operation. In such a case, the
generi¢ properties of the operator_are‘extended.

An extension operation is a defined operation in which the operator is of the form defined{unary-op or
definedi-binary-op. Such aroperator is called an extension operator. The operator used in pn extension
operatjon may be such that\a generic interface for the operator may specify more than one fupction.

7.1.4 Pata type,dype parameters, and shape of an expression

The data type (and shape of an expression depend on the operators and on the data types apd shapes of
the priimariés—used in the expression, and are determined recursively from the syntactic [form of the
exprespion..-The data type of an expression is one of the intrinsic types (4.3) or a derived typ¢ (4.4).

R725 “—ogicat-expr s—expr

Constraint: logical-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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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 type, type parameters, and shape of a primary are determined according to whether the primary

is a constant,
expression. If 3
it is a structure
array construct
function referer
function referen|
be generic (12.3

types, type parz:

type, type parameters, and shape are those of the expression.

If a pointer app
to a nonpointer]

may appear as
dummy argume

7.1.4.2 Data f

The type of the
of a defined ops

The shape of th
the shape of x;

An expression ¢
length type par.
parameter is th
parameter of x
where op is an
. parameter of th
intrinsic binary
type parameter
where op is a
parameters, or

primary is a constant, its type, type parameters, and shape are those of the constant:
constructor, it is scalar and its type is determined by the constructor name. pfit is
br, its type, type parameters, and shape are as described in 4.5. If it is a)variable
ce, its type, type parameters, and shape are those of the variable (5.1.1,5.1.2) or

.2.1, 13.10), in which case its type, type parameters, and shape aré determined by
meters, and ranks of its actual arguments. If a primary is a parenthesized expression,

b primary only as an actual argument in a reference te a procedure whose correspond
nt is declared to be a pointer.

ype, type parameters, and shape of the result of an operation

result of an intrinsic operation [x;] op xy\ is specified by Table 7.1. The type of the res
ration [x;] op x, is specified by the function defining the operation (7.3).

otherwise.

f an intrinsic type has a Kind type parameter. An expression of type character also ha
nmeter. For an expression x; // x; where x; and x, are of type character, the length ty
e sum of the lengths of the operands and the kind type parameter is the kind ty
L, which must be (the same as the kind type parameter of x,. For an expression op
intrinsic unary_operator and x, is of type integer, real, complex, or logical, the kind ty
e expressionis that of the operand. For an expression x; op x, where op is a numg
operatorywith one operand of type integer and the other of type real or complex, the k
of the-expression is that of the real or complex operand. For an expression x; op
numieric intrinsic binary operator with both operands of the same type and kind ty
with one real and one complex with the same kind type parameters, the kind ty

variable, array constructor, structure constructor, function reterence, or parenthesii

ce (12.4.2), respectively. Note that in the case of a function reference, the function nf

e result of an intrinsic operation, is)the shape of x, if op is unary or if x; is scalar, and i

ed

If
an
or
he
ay
he

its

ears as a primary in an intrinsic operation or a defined operation in which it corresponds
dummy argument, the associated target object is referenced. The type, type paramete
and shape of thle primary are those of the current target. If the pointerlis not associated with a target

IS,
it
ng

ult

5 a
Ype
Ype
X2
Vpe
ric
nd
X2
Vpe
Vpe

parameter of the expression is identical to that of each operand. In the case where both operands are
integer with different kind type parameters, the kind type parameter of the expression is that of the
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+4.3 %R

Q and R are scalars.

where
The f4
A (13

llowing is an example of an array expression:
100 + B (2:11)

where] A and B are arrays.

A cha

7.1.6.1 Constant expression
A constant expression is an expression in which each operation istintrinsic and each primary[is one of the
follow|ing:

1) A constant or subobject of a constant where\veach subscript, section subscript, substring

starting point, and substring ending point is\a.constant expression.

2) An array constructor where each element ‘and the bounds and strides of each im
expressions whose primaries are either@onstant expressions or implied-DO variabl

3) A structure constructor where eachicomponent is a constant expression,

4) An elemental intrinsic function reference where each argument is a constant expres

5) A transformational intrinsic function reference where each argument is a constant

6) A reference to an array inquiry function (13.10.15) other than ALLOCATED, th
function BIT_SIZE, the character inquiry function LEN, the kind inquiry function
numeric inquiry function (13.10.8), where each argument is either a constant ex]
variable whose)type parameters or bounds inquired about are not assumed or d
ALLOCATE statement or a pointer assignment, or

7) A constant expression enclosed in parentheses.

racter_constant expression is a constant expression whose type is character. An intg

blied-DO are

S,

Bion,
PXpression,

e bit inquiry
KIND, or a
pbression or a
efined by an

ger constant
s a constant

expregsion( is"a constant expression whose type is integer. A logical constant expression
expregsion/whose type is logical. A numeric constant expression is a constant expression
integer, real, or complex.

hose type is

An initialization expression is a constant expression in which the exponentiation operation is permitted
only with an integer power, and each primary is one of the following:

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
an ALLOCATE statement or a pointer assignment, or

(7)  An infitialization expression enclosed in parentheses.

R730 initializdtion-expr is expr

Constraint: Ar| initialization-expr must be an initialization expression.

R731  char-inifjialization-expr is char-expr

Constraint: A thar-initialization-expr must be an initialization expression.
R732  int-initiqlization-expr is int-expr

Constraint:  Ar| int-initialization-expr must be an initialization expression.
R733  logical-ipitialization-expr is logical-expr

Constraint: A [ogical-initialization-expr must be an initialization exptession.

If an initializatig
bound of an ob
specified in a pr
inquiry function

The following af

3

-3+ 4

IABI

'AB' // 'CD'
(‘A" // 'CD’
SIZE (A)
DIGITS (X) +

where A is an e

The following a

ABS (9.0)
3.0 »» 2.0

n expression includes a reference to an inquiry function for a type parameter or an arr
ect specified in the same specification-part, the\type parameter or array bound must
or specification of the specification-part. The@prior specification may be to the left of 4
in the same statement.

e examples of constant expressions:

// 'EF'
3
plicit-shapedtarray with constant bounds and X is of type default real.

e examples of constant expressions that are not initialization expressions:

I Not an integer argument
! Not an integer power

DOT_PRODUCT (

7.1.6.2 Specifi

py
be
he

(72, 377, ¢/ 1, 777 ) Kot an attowed fonction

cation expression

A restricted expression is an expression in which each operation is intrinsic and each primary is:

(1)

A constant or subobject of a constant,
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(2)

(3)

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,

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,
SELECTED_REAL_KIND, TRANSFER, and TRIM, where each argument is a restricted

expressionof tune integer or character
r or [=]

(9 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 a restricted expfession or a
variable whose type parameters or bounds inquired about are not assumed or defined by an
ALLOCATE statement or a pointer assignment, or

(1[)) A restricted expression enclosed in parentheses,

and where any subscript, section subscript, substring starting point, Jor substring ending| point is a
restrict¢d expression.

A specification expression (R509, R514, R515) is a restricted expréssion that is scalar and of type integer.

R734 | specification-expr is scalar-int-expr

Constraint: The scalar-int-expr must be a restricted expression.

A varigble in a specification expression must have ts' type and type parameters, if any, spé¢cified by a
previoys declaration in the same scoping unit, or(by the implicit typing rules currently in efffect for the
scoping unit, or by host or use association. Ifia variable in a specification expression is tyjped by the
typing rules, its appearance in any’subsequent type declaration statement must qonfirm the
type and type parameters.

If a spgcification expression includes\a.reference to an inquiry function for a type parameter pr an array

in a prior declaration. The prior specification may be to the left of the inquiry fungtion in the
same sfatement.

The following are examples of specification expressions:

LBOUND (B, 1.+ 5
M + LEN (©)
2 * PRECISION (A)

B is an assumed-shape dummy array

M and C are dummy arguments

A is a real variable made accessible
by a USE statement

7.1.7 Evaluation of operations
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 may define X. If a function reference causes definition or undefinition of an actual argument of
the function, tImmmrdﬁed—mrme&WWWﬂem.
For example, the statements

A(I) =F ()
Y=6 () +K

are prohibited |f the reference to F defines or undefines I or the reference to G defines oruundefines X.

The type of an expression in which a function reference appears does not affect, and’is not affected by,
the evaluation [of the actual arguments of the function.

Execution of an array element reference requires the evaluation of its Subscripts. The type of| an
expression in which the array element reference appears does not affeét, '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 section(appears does not affect, and is|not
affected by, thp evaluation of the array section subscripts. Execufion’of a substring reference requires| the
evaluation of its substring expressions. The type of an expression in which a substring appears does|not
affect, and is [not affected by, the evaluation of the substring expressions. It is not necessary fg¢r a
processor to epaluate any subscript expressions or substring expressions for an array of zero size ¢r a
character entity of zero length.

The appearande of an array constructor requires thé’evaluation of the bounds and stride of any afray
constructor implied-DO it may contain. The type of an expression in which an array constructor apppars
does not affect} and is not affected by, evaluation of such bounds and stride expressions.

When an intripsic binary operation is applied to a scalar and an array or to two arrays of the shme
shape, the opgration is performed element-by-element on corresponding array elements of the afray
operands. For|example, the array expression

A+8

produces an afray the same\shape as A and B. The individual array elements of the result have|the

values of the
second elemen

When an intri

irst element of A added to the first element of B, the second element of A added to
of B, ete~’ The processor may perform the element-by-element operations in any order

Nsi¢ unary operator operates on an array operand, the operation is performed element

the

by-

element, in any order, and the result is the same shape as the operand.

7.1.7.1 Evaluation of 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) need not be
evaluated if X is greater than Y. Similarly, in the array expression

W (2Z) +X

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.

7.1.7.2 Integrity of parentheses

The s
is dif
expre
expre
evalu
equiv

7.1.7.
The

intergretation has been established in accordance with those ‘rules, the processor may

math

Two
primg
nume
value|

The thathematical definition of integer division is given in 7.2.1.1. The difference between

Lsion contained in parentheses must be treated as a data entity. For example, -in e

blent expression (A + B) - C.

B Evaluation of numeric intrinsic operations

bmatically equivalent expression, provided that the integrity’of parentheses is not violat

expressions of a numeric type are mathematically)equivalent if, for all possible v3
ries, their mathematical values are equal. However, mathematically equivalent e
ric type may produce different computational results. For example, any difference
b of the expressions (1./3.)%3. and 1. is a comjputational difference, not a mathematical

rules given in 7.2.1 specify the interpretation of a numeric intrinsic operation.

betions that follow state certain conditions under which a processor may evaluate anpexpression that
erent from the one specified by applying the rules given in 7.1.1, 7.2, and 7-3”) However, any

valuating the

bsion A + (B - C) where A, B, and C are of numeric types, the difference)yof B and C must be
hted before the addition operation is performed; the processor must not evaluate the miathematically

Once the
evaluate any

ed.

lues of their
Kpressions of
between the
difference.

the values of

used by the
or complex
operands of

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
processor in the evaluation of those“expressions. A, B, and C represent arbitrary rea
operdnds; 1 and ] represent arbitrary integer operands; and X, Y, and Z represent arbitrary
numeric type.

Expression Allowable Alternative Form

X+Y Y+X

X*xY Y * X

-X+Y Y-X

X+Y+2Z X+ (Y+2)

X-Y+2Z X-(&-2

X*xA/2 X*(A/ 2

X*xY=-X*Z X*x(Y-2)

A/B/C A/ (B*C)

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.

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)

X*(Y-2) X*Y-X*2

In addition to
included to rest
expression. Th
during the evaly

A+ (B-0
the parenthesize

Note that the in|
the two expressi

AxI1/J
Ax (I/7 D)

may have differ

Each operand in
used by the pro

Z+R+1

where Z, R, an|
type of the op
operands (Z and

the parentheses required to establish the desired interpretation, parentheses may
ict the alternative forms that may be used by the processor in the actual evaluatipn-of
s is useful for controlling the magnitude and accuracy of intermediate values 'develoy
ation of an expression. For example, in the expression

d expression (B - C) must be evaluated and then added to A.

clusion of parentheses may change the mathematical value of an(expression. For examg
ons:

bnt mathematical values if [ and ] are of type integér

a numeric intrinsic operation has a data type that may depend on the order of evaluat
ressor.  For example, in the evaluation of the(éxpression

[ represent data objects of complex,“real, and integer data type, respectively, the d
prand that is added to | may beyeither complex or real, depending on which pair
R, Rand I, or Z and I) is added*first.

7.1.7.4 Evaludation of the character(intrinsic operation

The rules given
to evaluate only
expression app

in 7.2.2 specify thednterpretation of the character intrinsic operation. A processor ne
' as much of the Character intrinsic operation as is required by the context in which
rs. For example, the statements

e
CHARACTER (LErN = 2) CT)€2, C3, CF

€1 =1C2 // CH

do not require
value of C1 bec|

(C3)

he function CF to be evaluated, because only the value of C2 is needed to determine
husé L1 has a length of 2.

be
he
ed

on

hta
of

pds
he

he

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
evaluate the expression

L1 .AND. LZ2 .AND. LS

Two ekpressions of type logical are logically equivalent if their values are equal‘for all possible values of

The rqles given in 7.3 specify the interpretation of a defined operation. Once the interprefation of an

Two dxpressions of derived type are equivalent if their ¢aldes are equal for all possible values of their

The iftrinsic operations are those definedn 7.1.2. These operations are divided into t:[e following
e following
sectiorfs apply to both scalars and artays; the interpretation for arrays is obtained by applying the

The type, type parameters, ard interpretation of an expression that consists of an intrinic unary or
operation are independent of the context in which the expression appears. In particulpr, the type,
arameters, and inferpretation of such an expression are independent of the type and type
paramkters of any other\larger expression in which it appears. For example, if X is of type real, ] is of
type ifteger, and INT is'the real-to-integer intrinsic conversion function, the expression INT (X + ]) is an

7.2.1

A nurheric’ operation is used to express a numeric computation. Evaluation of a numeric operation
produces a numeric vatue. fCImtrinsic operations 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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One operand
mathematical g
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integer. The r
zero and the m

7.21.2 Comg

In the case of
principal value

7.2.2 Charag

The character
kind type para

The interpreta
Table 7.3, whé
right of the op

: 1991 (E)

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; + x5, Addx; and x,
+ Identity + x. Same as 1,

on of a division depends on the data types of the operands (7.2.1.1).

e of type integer and x, has a negative value, the interpretation of x| ** x, iS)the sam
bn of 1/(x; ** ABS (x,)), which is subject to the rules of integer division (7.2.1.1).

-3) has the value of 1/(2 ** 3), which is zero.

r division

of type integer may be divided by another operand of type’ integer. Although
uotient of two integers is not necessarily an integer, Table(Z.1 specifies that an express

ivision operator with two operands of type integer is interpreted as an expression of t
bsult of such an operation is the integer closest to the~mathematical quotient and betw

lex exponentiation

a complex value raised to a complex power, the value of the operation x| ** x, is
X,
Of Xy,

ter intrinsic operation

ntrinsic operator // is used totconcatenate two operands of type character with the s
meter. Evaluation of the character intrinsic operation produces a result of type charactg

re x, denotes the ,operand to the left of the operator and x, denotes the operand to
Prator.

Table 7.3 Interpretation of the character intrinsic operator //

hthematical quotient inclusively. For example, the €xpression (-8) / 3 has the value (-2).

P as
For

the
ion
ype
een

the

ame
r.

ion of the character (intrinsic operator // when used to form an expression is given in

the

Use of
Operator  Representing Operator  Interpretation
// Concatenation  x; // x,  Concatenate x; with x,

The result of a character intrinsic operation is a character string whose value is the value of x;
concatenated on the right with the value of x, and whose length is the sum of the lengths of x; and x,.
Parentheses 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’ // ('CDE’
// '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.

Evaluation of a relational intrinsic operation produces a result of type default logical.

The interpretation of the relational intrinsic operators is given in Table 7.4, where x; denote$ the operand
to the left of the operator and x, denotes the operand to the right of the operator. -The pperators <,
<=,>, >=, ==, and /= always have the same interpretations as the operators~LT| .LE., .GT.,
.GE.,[.EQ., and .NE., respectively.

Table 7.4 Interpretation of the relational intrinsic operators

Use of
Operator  Representing Operator Interpretation

.LT. Less Than x; .LT. x5 ~x; less than x,

< Less Than x; < x5 x1 less than x,
.LE. Less Than Or Equal To x, .LEsx;  x; less than or equal to x,
<= Less Than Or Equal To x0<= x5 x; less than or equal to x,
.GT. Greater Than x4»GT. x,  x; greater than x,

> Greater Than X > x, x; greater than x,
.GE. Greater Than Or Equal To\" x; .GE. x,  x,; greater than or equal td x,
> = Greater Than Or EqualsTo x; >= x, x, greater than or equal td 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,

A nufneric relational intrinsic operation is interpreted as having the logical value true if the [values of the
operat\lds satisfy the relation specified by the operator. A numeric relational intrinsic |operation is
intergreted as having the’ logical value false if the values of the operands do not satisfy] the relation
specified by the operator.

In thq numeric-relational operation
b, rel-6p*x,

if 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 evatuation.

A character relational intrinsic operation is interpreted as having the logical value true if the values 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.

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 opefators and their interpretation when used to form an expression are given in Table 7|5,
where x, denotgs the operand to the left of the operator and x, denotes the operand to the right)of the

operator.

Table 7.5 Interpretation of the logical intrinsic operators

Use of
Operator Representing Operator Interpretation
NOT. Logikal Negation .NOT. «x, True if x, is false
.AND. Logikal Conjunction x; .AND. x, True if x; and &, are both true
.OR. Logikal Inclusive Disjunction x; .OR. x, True if x; and/or x, is true
.NEQV. Logifal Non-equivalence x, .NEQV. x, True if either x; or x, is true, but not both
.EQV.  Logikal Equivalence x; .EQV. x, True if both x; and x, are true or both are false

The values of tHe logical intrinsic operations are shown inxTable 7.6.

Table 7.6 The values of operations;involving logical intrinsic operators

X1 X2 NOT X3 Xq AND. X3 X OR Xa X1 EQV X2 X NEQV X3
true |[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 Interprefation of defined operations

The interpretatipn of-‘a-defined operation is provided by the function that defines the operation. The
type, type pardmeters, and interpretation of an expression that consists of a defined operation gre
independent of {he.type and type parameters of any larger expression in which it appears. The operatprs
<, <=, >, >=, ==, and /= always have the same interpretations as the operators .LT., .LE., .GT.,
.GE., .EQ., and .NE., respectively.

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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(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),

d,, respectively.

7.4 Precedence of operators

There fis a precedence among the intrinsic and extension operations dmplied by the general fo

(B) The types of x; and x, are the same as those of the dummy arguments d; and d5;
(#) The type parameters, if any, of x; and x, match those of d, and d,, respectively, 3

(p) The ranks of x; and x,, and their shapes if either or both are arrays, match tho

espectively,
nd

e of d; and

rm in 7.1.1,

which |determines the order in which the operands are combined, unless 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 Operators Precedence

Extension defined-unary-op Highest
Numeric * ok .
Numeric * or /

Numeric unary + or -

Numeric binary + or -
Character //
Relational .EQ., NE., .LT., .LE., .GT., .GE.

== /=, <=,>, >=

Logical .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, in 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 +
2.1 * 3.4 *
2.1/ 3.4/
2 *k 3 xk 4
*AB' // 'CD’

have the same

(2.1 + 3.4)
(2.1 * 3.4)
2.1/ 3.4
2 **x (3 *x% 4
('AB' // 'CD

4.9
4.9
9

/1 'EF'
interpretations as the expressions

+ 4.9
* 4.9
/ 4.9
)
'y /] ‘EF'

As a consequ
preceded by th
containing twq

ence of the general form (7.1.1), only the first add-operand of a level-2-expr may
e identity (+) or negation (-) operator. These formation rules do not permit express
consecutive numeric operators, such as A ** -B or;)A’ + -B. However, expressions §

be
ons
uch

as A ** (-B)
operator to be

bnd A + (-B) are permitted. The rules do allow. a‘binary operator or an intrinsic uf
followed by a defined unary operator, such as:

A * _INVERSH. B
- .INVERSE. |(B)

mple, in the expression
D. C

ary

As another exd

A .OR. B .A

the general fdrm implies a higher precedénce for the .AND. operator than for the .OR. operator;
therefore, the interpretation of the abové expression is the same as the interpretation of the expression

A .OR. (B .AND. O)

An expression may contain more than one category of operator. For example, the logical expression

L .OR. A+ H .GE. C

where A, B, and C are of type real, and L is of type logical, contains a numeric operator, a relatipnal
operator, and a logicaleperator. This expression would be interpreted the same as the expression

L .OR. ((A 4 BY, .GE. C)

For example, if:
(1)
(2)
(3)
(4)

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.

The operator ** is extended to type logical,

The operator .STARSTAR. is defined to duplicate the function of ** on type real,
.MINUS. is defined to duplicate the unary operator -, and

L1 and L2 are type logical and X and Y are type real,
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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

A var

7.5.1]]
R735

where

Consflraint: A variable in an assignment-stmt must not be an assumed-size array,

Exam

A =3
I =

An as

7.5.1.

An intrinsic assignment statement is an assignment statement where the shapes of varia

confo

A numeric intrinsic assignment statement is an intrinsic assignment statement for which varis

are o
which
assigr

A deriived-type intrinsic assignment statement is an intrinsic assignment statement for which

expr
specif]

An a
array

Assignment statement

iable may be defined or redefined by execution of an assignment statement.

—Generaltorm

assignment-stmt is wvariable = expr

variable is defined in R601 and expr is defined in R723.

bles of an assignment statement are:
p.5 + X * Y
NT (A

signment statement is either intrinsic or defined.
P Intrinsic assignment statement
rm and where:

1) The types of variable and expr are intfinsic, as specified in Table 7.8 for assignme

2) The types of variable and expr are'of the same derived type and no defined assi
for objects of this type.

numeric type. A character intrinsic assignment statement is an intrinsic assignment
ment statement is an intrinsic assignment statement for which variable and expr are of]

re of the same derived type, and there is no accessible interface block with an ASSIG
er for objects of-this derived type.

Fray intringicassignment statement is an intrinsic assignment statement for which o

ble and expr

ht, or

enment exists

eble and expr
statement for

variable and expr are of/type character and have the same kind type parameter. A logical intrinsic

type logical.
variable and
NMENT (=)

ariable is an

The vdriable must not be a many-one array section (6.2.2.3.2).
Table 7.8 Type conformance for the intrinsic assignment statement variable = ex
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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d assighment 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 is a pointer,r it must be associated with a definable target such that the type, type parameters,
and shape of the target and expr conform.

For a numeric i

trinsic assignment statement. varigble and expr may have different numeric types

or

different kind ty

parameter of va

For a logical int
in which case th

For a character intrinsic assignment statement, variable>and expr must have the same kind type parame

value, but may
of variable is:

(1) If the]

until

If the
with

(2)

Note that for no

7.5.1.5 Interpretation ©f intrinsic assignments

Execution of ar
expressions with

variable (Table

riable 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 (variable))

Note: The functions INT, REAL, CMPLX, and KINE/are
the generic functions defined in 13.13.

rinsic assignment statement, variable and expr, may have different kind type paramete]
b value of expr is converted to the kind type. parameter of variable.

have different length type parameters'in which case the conversion of expr to the leng

length of variable is less than that of expr, the value of expr is truncated from the rig
t is the same length as vdrigble;

length of variable is_greater than that of expr, the value of expr is extended on the rig
blanks unti! it is tHe same length as variable.

ndefault character types, the blank padding character is processor dependent.

intfinsic assignment causes, in effect, the evaluation of the expression expr and
in‘@ariable (7.1.7), the possible conversion of expr to the type and type parameters

pe parameters, in which case the value of expr is converted to the type and kind ity

pe

'S,

er
th

ht

ht

all
of

oA 1 b bttt rd - 19 1 1 | 1 e i } . e
/7.7 ), daiilld TN UCTINIUOIIT O Udridoie WILIT UIE TEUILITE  vValut, 1T EXECUTOIT U1

he

assignment must 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 (2:5) =

90
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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=8B
assigns the corresponding elements of B to those of A; that is, the first element of B is assigned to the first

element of A, the second element of B is assigned to the second element of A, etc. Therpfocessor may
perfogm the element-by-element assignment in any order.

For ekample, the following program segment results in the values of the elements of agray X being
reverged:

REAL|X (10)

X (11100 = x (10:1:-1

A defived-type intrinsic assignment is performed as if each component of expr were asgigned to the
corregponding component of variable using pointer assignment (7.5.2) for pointer components, and
intringic assignment for nonpointer components. The processor may perform the cdmponent-by-
compgpnent assignment in any order or by any means that has‘the same effect.

For an example of a derived-type intrinsic assignment statement, if C and D are of the same|derived type
with o pointer component P and nonpointer components S, T, U, and V of type intgger, logical,
charagter, and another derived type, respectively, the intrinsic assignment

C=10

pointgr assigns D % P to C % P and assigns D % S to C % S using the numeric intrinsic assignment
statempent, D % T to C % T using the dogical intrinsic assignment statement, D % U to C % U using the
charagter intrinsic assignment statement, and D % V to C % V using the derived-tlype intrinsic
assignment statement.

When| variable is a subobject, the assignment does not affect the definition status or value gf other parts
of thd object. For example\\if variable is an array section, the assignment does not affect the definition
status| or value of the eléments of the parent array not specified by the array section.

7.5.1.I Interpretation of defined assignment statements
The interpretation of a defined assignment is provided by the subroutine that defines the opefation.

A suBbroutine‘defines the defined assignment x, = x, if:

1Y The subroutine is specified with a SUBROUTINE (12.5.2.3) 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 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,, respectively,
(4) The type parameters, if any, of x; and x, match those of d; and 4,, 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.
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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 expr
Constraint: Thepointer-object-must-have the POINTERattribute-
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 i not a pointer, the pointer assignment statement associates the)pointer-object with |the
target. If the thrget 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{ If
the target is a|pointer with undefined association status, the pointeriobject also acquires an undefihed
association statjus.

Any previous dssociation between the pointer-object and a targeb.js broken.

Pointer assignment for a pointer component of a structure also 'may take place by execution of a derived-
type intrinsic apsignment 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 mus{ not be referenced or defined unless it is associated with a target that may be referenced or
defined.

The following aire examples of pointer assignment statements.

NEW_NODE % LEFT => CURRENT_NODE

SIMPLE_NAME F> STRUCTURE % SUBSTRUCT % COMPONENT
ROW => MAT2D (N, )

WINDOW => MAT2D (I-1:1+1, J=1:J+1)

POINTER_OBJECT => POINTER_FUNCTION (ARG_1, ARG_2)
EVERY_OTHER > VECTOR“(1:N:2)

7.5.3 Masked array assignment-WHERE

The masked array—= g 2 fsused—to dASK pevaluatiomofexpressio a
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
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 jbe|
same shape.
Constraint: The assignment-stmt must not be a defined assignment.
Examlples of a masked array assignment are:
WHERE (TEMP > 100.0) TEMP = TEMP - REDUCE_TEMP
WHERE (PRESSURE <= 1.0)

PRESSURE = PRESSURE + INC_PRESSURE
TEMP = TEMP - 5.0

ELSEWHERE
RAINING = .TRUE.
END WHERE
7.5.3]2 Interpretation of masked array assignments

Wher| the assignment-stmt in a where-stmt is executed, the expr of the assignment-stmt is ev:
the elements where mask-expr is true and théiresult is assigned to the corresponding eleme
according to the rules of intrinsic assignment (7.5.1). When a where-construct is executed,
is evhluated and the result kept bycthe processor. Each assignment-stmt in the WH

evalupted, in sequence, as if it weref WHERE (mask-expr) assignment-stmt and then each as:
in th¢ ELSEWHERE block is evaluated, in sequence, as if it were WHERE (.NOT. mask-exps
stmt.

If ar
withd
and t
list o
expr

onelemental function'reference occurs in the expr of an assignment-stmt, the functior

he function is fully evaluated. If the result is an array and the reference is not within
f a nonelemental function, elements corresponding to true values in mask-expr (false
hfter ELSEWHERE) are selected for use in evaluating each expr.

If an|elemental intrinsic operation or function reference occurs in the expr of an assignmer

not within—the argument list of a nonelemental function reference, the operation is perf

arrays of the

luated for all
ts of variable
he mask-expr
ERE block is
ignment-stmt
) assignment-

is evaluated

ut any masked cohtrol by the mask-expr; that is, all of its argument expressions are fylly evaluated

the argument
in the mask-

t-stmt and is
brmed or the

functlon'is evaluated only for the elements corresponding to true values in mask-expr (fals

p values after

ELSEWHERE).

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.
an END WHERE has no effect.

Execution of
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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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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

The following are executable constructs that contain blocks and may be used to control the execution
sequence:

There is

A block is a sequence of executable constructs that is treated as a unit.

R
2) CASE Construct
}) DO Construct

) IF Construct

also a nonblock form of the DO construct.

R801 | block is [ execution-part-construct ] ...
Executpble constructs may be used to control which blocks of a program are executed or how|[many times
a block is executed. Blocks are always bounded by statement§)that are particular to the fonstruct in
which |they are embedded; however, in some forms of the DO consfruct, a sequence of executable constructs without a
terminating boundary statement must obey all other rules governing blocks” (8.1.1). Note that a block need|not contain
any expcutable constructs. Execution of such a block has.no effect.
Any of these three constructs may be named. If aconstruct is named, the name must be thq first lexical
token pf the first statement of the construct and(the last lexical token of the construct. In fixed source
form, the name preceding the construct must be\placed after column 6.
A stat¢ment belongs to the innermost construct in which it appears unless it contains a constryict name, in
which [case it belongs to the named construct.
An example of a construct containing'a block is:
IF (A|> 0.0) THEN

B £ SQRT (A) | These two statements

C F LOG (A) ! form a block.
END IF

8.1.1 Rules governing blocks

8.1.11

If a bl
block.

8.1.1.2

Executable constructs in blocks

hck €ontains an executable construct, the executable construct must be contained entirel

y within the

Control flow in blocks

Transfer of control to the interior of a block from outside the block is prohibited. Transfers within a
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).

block
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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 ¢

onstruct 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.

controls the execution of a single statement (8.1.2.4).

The IF statement

8.1.2.1 Form 1?‘"!’9‘?? construct
R802  if-construct is if-then-stmt
block
[ else-if-stmt
block | ...
| else-stmt
block ]
end-if-stmt

R803  if-thendstmt is | if-construct-name : | IF ( scalar-logieal-expr ) THEN

R804  else-if-4tmt is ELSE IF ( scalar-logical-expr ) THEN [ if-construct-name |

R805 else-stmt is ELSE [ if-construct-name |

R806  end-if-4tmt is END IF | if-construct-name"]

Constraint: If| the if-then-stmt of an if-construct is identified by an if-construct-name, the corresponding
emd-if-stmt must specify the same if-construct-name. If the if-then-stmt of an if-construgt is
npt identified by an if-construct-name, the\corresponding end-if-stmt must not specify an if-
cpnstruct-name. If an else-if-stmt or _@lse-stmt is identified by an if-construct-name, |the
coprresponding if-then-stmt must specify the same if-construct-name.

8.1.2.2 Execution of an IF construct

At most one of the blocks contained within the IF construct is executed. If there is an ELSE statement in

the construct, lexactly one of the blocks contained within the construct will be executed. The scplar

logical expressions are evaluated in<the order of their appearance in the construct until a true value is
found or an EISE statement or END IF statement is encountered. If a true value or an ELSE statement is
found, the blogk immediately. following is executed and this completes the execution of the construct.

The scalar logifal expressions in any remaining ELSE IF statements of the IF construct are not evaluafed.

If none of the ¢valuated expressions is true and there is no ELSE statement, the execution of the constfuct

is completed wjthout'the execution of any block within the construct.

An ELSE IF statement or an ELSE statement must not be a branch target statement. It is permissible to

branch to an ENDIF statement from within the IF construct, and also from outside the construct, Lxecution of

an END JF stat

ement has no effect.

8.1.2.3 Examples of |F constructs

IF (CVAR .EQ
1=0;J
END IF
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PROOF_DONE: IF (PROP) THEN

WR

ITE (3, '("QED'"")

sTOP

ELSE

PROP = NEXTPROP
END IF PROOF_DONE

IF (A .GT. ) THEN
B =C/A
IF (B .GT. 0) THEN
D=1.0
ENDIF
ELSE IF (C .GT. 0) THEN
BF A/C
DF-1.0
ELSE
B F ABS (MAX (A, C))
DFO
END IF

8.1.24 iF statement

The IR
R807

Consti

statement controls a single action statement (R216).
if-stmt is IF ( scalar-logical-expr') action-stmt

aint: The action-stmt in the if-stmt must not bean if-stmt, end-program-stmt, end-fi
or end-subroutine-stmt.

Execution of an IF statement causes evaluation(of the scalar logical expression. If the

nction-stmt,

Falue of the
ment is not

htities in the

exprespion is true, the action statement is exécuted. If the value is false, the action statg
executpd and execution continues as though @ CONTINUE statement (8.3) were executed.
The execution of a function reference i the scalar logical expression is permitted to affect e
action|statement.
An exgmple of an IF statement js:
IF (A > 0.0) A = LOG (A)
8.1.3 CASE construct
The CJASE construct selects for execution at most one of its constituent blocks.
8.1.3.1 Form-of the CASE construct
R808 | .ease-construct is select-case-stmt

—EASe—SEHE

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

R814

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.
case-value-range is case-value
or case-value :
or : case-value
or case-value : case-value
case-valfie is scalar-int-initialization-expr

R815

Constraint: For

ch

same.

Constraint: A

Constraint: Fo

po

8.1.3.2 Execut

The execution o

oy

(5)
(6)

If the

logicql if the expression ¢ .EQV b is true, and a match occurs for data type integer

chara

If the

AND. c .LE. high is true:

If the case value range’is of the form low :, a match occurs if the expression low .LE. ¢fi

true.

If the| case value range is of the form : high, a match occurs if the expression ¢ .LE. high|i

true.
If no

If no

or scalar-char-initialization-expr
or scalar-logical-initialization-expr

a given case-construct, each case-value must be of the same type as case-expr. B
aracter type, length differences are allowed, but the kind typ€ parameters must be t

rase-value-range using a colon must not be used if case-expr)is of type logical.

- a given case-construct, the case-value-ranges must not)overlap; that is, there must be
ssible value of the case-expr that matches more thanone case-value-range.

on of a CASE construct

case value range contains a single-value v without a colon, a match occurs for data ty

ter if the expression ¢ .EQ.,v is true.

case value range is of.the form low : high, a match occurs if the expression low .LE.

other selector matches and a DEFAULT selector is present, it matches the case index.

or

[ the SELECT CASE statement causes the case expression to be evaluated. The resulting
value is called the case index. For a case value range list; a match occurs if the case index matches any
the case value rgqnges in the list. For a case index with-a value of ¢, a match is determined as follows:

of

or

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

SIGNUM

-1
)

0

CASE (1:)

SIGNUM

1

ISO/IEC 1539 : 1991 (E)

END SEHEEF

END
A codg
CHARA
LEVEL:
DO I

CH
CA

CA

CA

fragment to check for balanced parentheses:

[TER (80) :: LINE

FO0

=1, 80

FCK_PARENS: SELECT CASE (LINE (I:I))

BE (' (")

LEVEL = LEVEL + 1

BE () ")

LEVEL = LEVEL - 1

IF (LEVEL .LT. 0> THEN
PRINT *, 'UNEXPECTED RIGHT PARENTHESIS'
EXIT

END IF

bE DEFAULT

END D
IF (L
PR

END IF

The fo

IF (S
CA
ELSE
CA

END IFf

! Ignore all other characters

EN£ SELECT CHECK_PARENS

EVEL .GT. 0) THEN
[NT *, 'MISSING RIGHT-PARENTHESIS'

lowing three fragments are equivalent:

LLY .EQ. 1) THEN
L THIS

L THAT

SELECT

CASE (.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, 3:5, 8 ! Selects 1, 3, 4, 5, 8
CALL SuB

CASE DEFAULT
CALL OTHER
END SELECT

8.1.4 DO construct

The DO construct specifies the repeated execution of a sequence of executable constructs. Such
repeated sequence is called a loop. The EXIT and CYCLE statements may be used to modify

execution of a Ipop.

The number of |terations of a loop may be determined at the beginning of execution of the DO constry
or may be left |indefinite (“DO forever” or DO WHILE).
anywhere in thg DO construct may be executed to terminate the loop itnmediately. A particular iterat
of the loop may be curtailed by executing a CYCLE statement (8.1.4.4.3).

8.1.4.1 Forms pf the DO construct

The DO constr]ct may be written in either a block form ora'fénblock form.

R816 do-con

8.1.4.1.1 Form|of the block DO construct

R817  block-do-construct is dozstmt

do-block

end-do
R818 do-stmi is label-do-stmt

or nonlabel-do-stmt

R819 label-dg¢-stmt is [ do-construct-name : ] DO label | loop-control |
R820 nonlabgl-do-stmit is [ do-construct-name : ) DO [ loop-control }
R821  loop-coptrol is [, ] do-variable = scalar-numeric-expr , B

truct is block-do-constrict

or nonblock-do-conséfruct

. ccalar=-numeric-expr |l scalar-numeric-expr ]
Lt P L]

In either case,~an EXIT statement (8.1.4.4

he

ct,
.4)
on

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.

Constraint: if the do-stmt is a label-do-stmt, the corresponding end-do must be identified with the same

1.1 1
[{21 458

8.1.4.12 Form of the nonblock DO construct

R826 nonblock-do-construct is action-term-do-construct

or outer-shared-do-construct

R827 action-term-do-construct is label-do-stmt
do-body
do-term-action-stmt
R828 do-body is | execution-part-construct | ...
R829 do-term-action-stmt is action-stmt
Constrafint: A do-term-action-stmt must not be a continue-stmt, a,gotorstmt, a return-stmt, a stop-stmit, an exft-stmt, a cycle-

stmt, an end-function-stmt, an end-subroutine-stmty, an end-program-stmt, an arithmetic-if-stmt, for an assigned-

goto-stmt.
Constrdint: The do-term-action-stmt must be identified with”a label and the corresponding label-do-stmt must rpfer to the same
label.
R830 outer-shared-do-construct is label-do-stmt
do-body
shared-term-do-construct
R831 shared-term-do-construct is outer-shared-do-construct
or inner-shared-do-construct
R832 inner-shared-do-construct is label-do-stmt
do-body
do-term-shared-stmt
R833 do-term-shared-stmt is action-stmt
Constrdint: A do-term-shared-stmt must not be a goto-stmt, a return-stmt, a stop-stmt, an exit-stmt, a cycle-stmt, an end-

function-stmt, an end-subroutine-stmt, an end-program-stmt, an arithmetic-if-stmt, or an assigned-gpto-stmt.

Constraint: € do-Term-shared-s Tt i o= shared-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 Active and- inactive DO constructs

A DO construct is either active or inactive. Initially inactive, a DO construct becomes active only w}I\en

its DO statemer]t is executed.

Once active, tte DO construct becomes inactive only when the construct it specifiesris“terminafed

(8.1.4.4.4). W
defined value.

en an active DO construct becomes inactive, the do-variable, if any,Vretains its

8.1.4.4 Execulion of a DO construct

Jast

A DO construct specifies a loop, that is, a sequence of executable constructsthat is executed repeatedly.
There are three| phases in the execution of a DO construct: initiation of the loop, execution of the lqop

range, and termlination of the loop.

8.1.4.4.1 Loop|initiation
When the DO statement is executed, the DO construct becomes active. If loop-control is

[, | do-vdriable = scalar-numeric-expr

|+ scalar-numetic-expr, [ , scalar-numeric-expr, |

the following stpps are performed in sequence:

(1) The |nitial parameter m_, the terminal parameter m,, and the incrementation parameter m,

57

estafllished by evaluating scalar-numetic-expr,, scalar-numeric-expr,, and scalar-numeric-exgr

respqctively, including, if necessary, conversion to the type and kind type parameter of the

are

3
Ho-

varidble according to the rules for numeric conversion (Table 7.9). 1f scalar-numeric-expr,

does|not appear, m
zero)

, is of type default integer and its value is 1. Tne value m, must not

(2)  The PO variable becomes defined with the value of the initial parameter m,.
(3) The jteration countis established and is the value of the expression
MAX (INT ((m, - m; + m,) / m,), 0)

Notd that. the iteration count is zero whenever:

wms > m and-wm Sn,nr

be

m, < m, and m, < 0.

If loop-control is omitted, no iteration count is calculated. The effect is as if a large positive iterat

ion

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 f
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:

(

1) 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.

Except

redefined nor become undefined while the DO construct is active.

8.1.4.4.3 CYCLE statement

Step (
range

R834

Const

A QY
constry

which

Execu
of the

term-sh

In a b
statem
term-sh

current

8.1.4.4
The E
R835

) I the iteration count is nonzero, the range of the loop 15 executed.

3) The iteration count, if any, is decremented by one. The DO variable, if anyDis
by the value of the incrementation parameter m ;.

for the incrementation of the DO variable that occurs in step (3), the DQ variable mu

pf the loop.
cycle-stmt is CYCLE [ do-construct-name ]

aint: If a cycle-stmt refers to a do-construct-name/ it must be within the range
construct; otherwise, it must be within the range of at least one do-construct

CLE statement belongs to a particular DO construct. If the CYCLE statement refe
ict name, it belongs to that DO construct;Cetherwise, it belongs to the innermost DO
it appears. '

jon of a CYCLE statement causes immiediate progression to step (3) of the current exg
DO construct to which it belongs, If this construct is a nonblock DO construct, the do-term-act

ired-stmt is not executed.

ock DO construct, a trapsfer of control to the end-do has the same effect as execution
ent belonging to that censfruct. In a nonblock DO construct, transfer of control to the do-term-ac
bred-stmt causes that statement or construct itself to be executed. Unless a further transfer of control results

execution cycle of the DO construct is then executed.

.4 Loop termination
KIT statément provides one way of terminating a loop.

exit-stmt is EXIT [ do-construct-name |

Const

incremented

st neither be

D) in the above execution cycle may be curtailed by executing-a.CYCLE statement from within the

of that do-

rs to a DO
construct in

cution cycle

jon-stmt or do-

of a CYCLE

ion-stmt or do-
step (3) of the

aint:  If an exit-stmt refers to a do-construct-name. it must be within the range

construct; otherwise, it must be within the range of at least one do-construct.

of that 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 which it

appears.

The loop terminates, and the DO construct becomes inactive, when any of the following occurs:

(1) Determination that the iteration count is zero or the scalar-logical-expr is false,

during step (1) of the above execution cycle

when tested
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Execution of an EXIT statement belonging to the DO construct

construct, but that belongs to an outer DO construct

(4)

neither the end-do nor within the range of the same DO construct

(5)
(6)

Execution of a RETURN statement within the range of the DO construct

any other reason.

Execution of an EXIT statement or a CYCLE statement that is within the range of the DO

Transfer of control from a statement within the range of a DO construct to a statement that is

Execution of a STOP statement anywhere in the program; or termination of the program for

When a DO construct becomes inactive, the DO-variable, if any, of the DO construct retains its last

defined value.

8.1.45 Examg
The following 3

Example 1:

pOI =1, M
00 J =1,
c (1,
END DO
END DO

The above prog

Example 2:

READ (IUN, '
DO WHILE (IO
IF (X .GE

CALL Sl

CALL §

CALL S
ENDIF
READ (IUN
END DO

The above pro
loop will conti
DO statement
the next READ

Example 3:

DO ! A'"DO
READ (IUN

les of DO constructs

re all valid examples of block DO constructs.

N
) =SUM (A (I, J, 2) B (:, I, J))

ram fragment computes a tensor product of two arrays)

(1X, G14.7)', IOSTAT = I0S) X
b .EQ. 0)

0.) THEN

UBA (XD

UBB (X)

B2 (X)

'(1X, 614.7)"', IOSTAT = I0S) X

bram fragment contains a DO construct that uses the WHILE form of loop-control.

L

ue to execute'until an end-of-file or input/output error is encountered, at which point
rminates the-loop. When a negative value of X is read, the program skips immediately
statement,) bypassing most of the range of the loop.

The

the

to

[ WHTIE + 1/2" loop

, (X, 614.7)', IOSTAT = IOS) X

IF (I0S .NE. 0) EXIT

IF (X <0

CALL SUBA

CALL SusB

CALL SuBZ
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)
IF (IQUAL < IQUAL_MIN) CYCLE OUTER I Skip inner loop
INNER: DO 4D I =1, M ' A DO with a label and a name

CALLC CALCUCATE (ARRAY (1), 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
SUM pxceeds SUM_MAX, in which case the EXIT OUTER statement-terminates both loopg. The inner
loop ik skipped by the first CYCLE statement if the quality flag, IQUAL, is too low. If QALCULATE
returnk a negative RESULT, the second CYCLE statement prevents it.from being summed. Ngte that both
loops [have construct names and the inner loop also has a labél)" A construct name is required on the
EXIT ptatement in order to terminate both loops, but is optichal on the CYCLE statements pecause each
belongs to its innermost loop.

Example 5:

Zr~ X
wann

+ 1 | This.statement executes 50 times
END DO | Nonlabeled DO inside a Labeled DO
SO CONTINUE

After pxecution of the above program fragment, | = 11,] = 10, K = 6, L = 5, and N = 50

Example 6:
N=0
DO I =-1%10
J.=-1
D060, K =5, 1 ! This inner loop is never executed
L=K
N=N+1
60 CONTINUE | Labeled DO inside a nontabeled 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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Do 70
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READ (IUN, '(1X, G14.7)', IOSTAT = I0S) X

IF (108
IF (X <

.NE. 0) EXIT
0.) GoTO 70

CALL SUBA (X)
CALL suBB (X)

CALL SUBY (X)

CYCLE

70 CALL SU

This is not a block

execute until an end
Example 8:

SuM = 0.0
READ (IUN)
Do 80, L =

READ (I

IF (IQUAL < IQUAL_MIN) M= 0

DO 80 I

CALL

IF (

SUM

IF (

80 CONTINU
81 CONTINUE

This example is sig
CONTINUE statem
is skipped by forciy
labeled 81. The CY]

Example 9:

N=0
D0 100 I =
J =1
DO 100
L
N

100

In this example, thel
=5, and N = 50.

N+

BNEG (X) | SHBNFG called only when X <0

PO construct because it ends with a statement other than END DO or CONTINUE. The loop will cofitinu

of-file condition or input/output error occurs.

N

1, N

UN) TQUAL, M, ARRAY (1:M)

I Skip inner loop

1, M

CALCULATE (ARRAY (I), RESULT)
RESULT < 0.) CYCLE

F SUM + RESULT

EUM > SUM_MAX) GOTO 81

E | This CONTINUE is shared by both loops

hilar to Example 4 above, except that the twd~loops are not block DO constructs because they share
nt with the label 80. The terminal construct\of the outer DO is the entire inner DO construct. The inner |
g M to zero. If SUM grows too large, both loops are terminated by branching to the CONTINUE staten

CLE statement in the inner loop is used to skip negative values of RESULT.

1, 10

K =1, 5
K
I, This statement executes 50 times

K

two loops share an assignment statement. After execution of this program fragment, I = 11, ] = 10,

the

p
ent

=

8

Example 10:

N=0
D0 200 I =

J=1

DO 200 K = 5, 1

1, 10

I This inner loop is never executed

L=K

200

N=N+1

This example is very similar to the previous one, except that the inner loop is never executed. After execution of this program

fragment, I = 11, ]
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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

construct.

It is permissible to branch to an end-do-stmt or a do-term-action-stmt only from within its DO construct. It is

permissiple to branch to a do-term-shared-stmt only from within its inner-shared-do-construct.

8.2.1 Btatement labels

A stalement label provides a means of referring to an individual statement.) Only bfanch target
statempnts, FORMAT statements, and DO terminations may be referred to by'the use of statement labels
(3.2.5)

8.2.2 GO TO statement
R836 | goto-stmt is GO TO label

Constfaint: The label must be the statement label of a branch target statement that appears in the same
scoping unit as the goto-stmt.

Executfjon of a GO TO statement causes a transfernof control so that the branch targpt statement
identiffed by the label is executed next.

8.2.3 Computed GO TO statement

R837 | computed-goto-stmt is GOTO ( label-list ) [, ] scalar-int-expr

Consttlaint: Each label in label-list must'be the statement label of a branch target statement [that appears
in the same scoping unit-as the computed-goto-stmt.

The sdme statement label may dppear more than once in a label list.

Execution of a computed GO TO statement causes evaluation of the scalar integer expresgion. If this
value [s i such that 1 < ( £ n where 1 is the number of labels in label-list, a transfer of control occurs so
that tHe next statement_executed is the one identified by the ith label in the list of labels. If i is less than
1 or gteater than my-the execution sequence continues as though a CONTINUE statement werd executed.

8.2.4 (ASSIGN.and assigned GO TO statement

R838 dssign-strmt 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-stit 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
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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 with the label of a FORMAT statement.

At the time of execution of an assigned GO TO statement, the integer variable must be defined with the value of a statement label
of a branch target statement that appears in the same scoping unit. Note that the variable may be defined with a statement label
value only by an ASSIGN statement in the same scoping unit as the assigned GO TO statement.

The execution of the assigned GO TO statement causes a transfer of control so that the branch target statement identified by the

statement label currently assigned to the integer varijable is executed next

If the parenthesized

A label may appear

8.2.5 Arithme

more than once in the label list of an assigned GOTOQO statement.

bic IF statement

list is present, the statement label assigned to the integer variable must be one of the statement labels imthe [l

R840 arithmeti§-if-stmt is IF ( scalar-numeric-expr ) label . label , label

Constraint: Eath label must be the label of a branch target statement that appears in the same scoping unit as the aritivnetif-if-
strit,

Constraint: THe scalar-numeric-expr must not be of type complex.

The same label may} appear more than once in one arithmetic [F statement.

Execution of an arithmetic IF statement causes evaluation of the numeric expressiofi folowed by a transfer of control. The branch

target statement idpntified by the first label, the second label. or the third label is executed next as the value of the numleric

expression is less th

8.3 CONTIN{

Execution of a

R841

8.4 STOP sta

R842  stop-stmt is STOP [ stop-code ]
R843  stop-cofe is scalar-char-constant

or digit | digit | digit | digit | digit 1] ]
Constraint: sdalar-char-¢onstant must be of type default character.

Execution of a
of termination,
the stop code a

8.5 PAUSE st

R844

continue-stmt

pause-stmt

hn zero, equal to zero, or greater than zero, respectively.

JE statement
"TONTINUE statement has no effect.
is CONTINUE

tement

the/stop code, if any, is available in a processor-dependent manner. Leading zero digit

STOP statement causes termination of execution of the executable program. At the time

in

M +
AT,

atement

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 significant. Resumption of execution is not under control of the program. If execution is resumed, the execution
sequence continues as though a CONTINUE statement were executed.
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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 t

o manipulate

the efternal medium, or to describe or inquire about the properties ol the connection to
mediym.

The ihput/output statements are the OPEN, CLOSE, READ, WRITE, PRINT, BACKSPA(Q
REWIND, and INQUIRE statements.

The READ statement is a data transfer input statement. The WRITE statement and the PRI
are data transfer output statements. The OPEN statement and the CLOSE statement are fi
statements. The INQUIRE statement is a file inquiry statement. The(BACKSPACE, El
REWIND statements are file positioning statements.

9.1 Records
A recprd is a sequence of values or a sequence of charactefs.) For example, a line on a termi
considered to be a record. However, a record does.n6t necessarily correspond to a ph
There| are three kinds of records:

1) Formatted

2) Unformatted

3) Endfile
9.1.1 [Formatted record
A formatted record consists (of)*a sequence of characters that are capable of represent
procepsor; however, a processor may prohibit some control characters (3.1) from ap
formdtted record. The length of a formatted record is measured in characters and depends

the number of characters put into the record when it is written. However, it may de

procepsor and the external medium. The length may be zero. Formatted records may be re
only by formatted input/output statements.

Formatted records may be prepared by means other than Fortran; for example, by some
devic¢.

the external

E, ENDFILE,

NT statement
e connection

NDFILE, and

hal is usually
ysical entity.

ation in the
bearing in a
primarily on
pend on the

hd or written

manual input

9.1.2 Unftormatted record

An unformatted record consists of a sequence of values in a processor-dependent form and
data of any type or may contain no data. The length of an unformatted record is

may contain
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.
written only by unformatted input/output statements.

Unformatted records may be read or
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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
same unit.

An endfile recofd may occur only as the last record of a file. An endfile record does not have a fength
property.

9.2 Files

A file is a sequence of records.
There are two kinds of files:
(1) Exterpal
(2) Interpal

9.2.1 Externalffiles
An external file |s any file that exists in a medium external to the exécutable program.

At any given tine, there is a processor-dependent set of allowed access methods, a processor-dependgnt
set of allowed forms, a processor-dependent set of allowed“actions, and a processor-dependent set |of
allowed record lpngths for a file.

A file may havg a name; a file that has a name is called a named file. The name of a named file if a
character string.| The set of allowable names for a-file is processor dependent.

An external file that is connected to a unit hag\a-position property (9.2.1.3).

9.2.1.1 File existence

At any given tjme, there is a protessor-dependent set of external files that are said to exist for pn
executable proggam. A file may be-known to the processor, yet not exist for an executable program af a
particular time.| For example; there may be security reasons that prevent a file from existing for pn
executable progfam. A filesmay exist and contain no records; an example is a newly created file not yet
written.

To create a file| means™to cause a file to exist that did not exist previously. To delete a file means|to
terminate the ex|sterice of the file.

All input/output statements may refer to files that exist. An INQUIRE, OPEN, CLOSE, WRITE, PRINT,
REWIND, or ENDFILE statement also may 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
same as that specified for direct access. In this case, the first record accessible by sequential

access is the record whose record number is 1 for direct access.

The second record accessible

9.2.1.2
When

2 Direct access

ronnected for direct access, an external file has the following properties:

1

by sequential access 1S the Tecord whose record number 15 2 for direct access, etq.

that has not been written since the file was created must not be read.

The records of the file are either all formatted or all unformatted, except that.the 13
the file may be an endfile record. Unless the previous reference to thefile)was a ¢
output statement or a file positioning statement, the last record, if ary;-of the file
endfile record.

The records of the file must not be read or written by direct acCess input/output st4

Each record of the file is uniquely identified by{a)positive integer called the recg
The record number of a record is specified when the record is written. Once estd
record number of a record can never be changed. Note that a record may not
however, a record may be rewritten. The order of the records is the order of
numbers.

The records of the file are either-all formatted or all unformatted. If the seque
method is also a member of the $ét’ of allowed access methods for the file, its endf
any, is not considered to be-part of the file while it is connected for direct ac
sequential access method is not a member of the set of allowed access methods for
file must not contain an-erdfile record.

Reading and writing records is accomplished only by direct access input/output sta
All records of the file have the same length.

Records need_hot be read or written in the order of their record numbers. Any req
written.into the file while it is connected to a unit. For example, it is permissi
record\8, even though records 1 and 2 have not been written. Any record may b
the file while it is connected to a unit, provided that the record has been written ¢
was created.

A record

st record of
ata transfer
must be an

tements.

rd number.
blished, the
be deleted;
their record

ntial access
le record, if
ress. If the
the file, the

ements.

ord may be
ble to write
e read from
ince the file

The records of the file must not be read or written using list-directed forma

ting (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.

circumstances can cause the position of a file to become indeterminate.

Certain

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 record. If n 0 or if a file is positioned at its terminal point or within the nth (last) record,
there is no next record.

9.2.1.3.1 Advancing and nonadvancing input/output

An advancing less

there is an erro

nput/output statement always positions the file after the last record read or written, un
r condition.

A nonadvancir
record. Using
sequence of in
variable-length

g input/output statement may position the file at a character position within the curfent
nonadvancing input/output, it is possible to read or write a record of the file by a
but /output statements, each accessing a portion of the record. Ituis also possible to fead
records and be notified of their lengths.

9.2.1.3.2 File position prior to data transfer

The positioning

For sequential
the file is posi
Input must no
statement acces

If the file cont:
transfer. How

For sequential
current record
of the file; this
beginning of th

For direct accdss, the file is positioned at the beginning of the record specified by the record speci

This record be

9.2.1.3.3 File

If an error co
occurred, but
positioned afte

¢ of the file prior to data transfer depends on the method of access: sequential or direct.

access on input, if there is a current record, the filé position is not changed. Otherw
tioned at the beginning of the next record and\this record becomes the current rec
occur if there is no next record or if there is a current record and the last data tran
sing the file performed output.

bver, a REWIND or BACKSPACE statement may be used to reposition the file.

access on output, if there is a*current record, the file position is not changed and
becomes the last record of the'file. Otherwise, a new record is created as the next reg
new record becomes the Jast*and current record of the file and the file is positioned at
is record.

omes the current record.

position after data transfer

ndition (9-4.3) occurred, the position of the file is indeterminate. If no error condi

in end:of-file condition (9.4.3) occurred as a result of reading an endfile record, the fi
r theendfile record.

ise,
rd.

sfer

iins an endfile record, the file must not-be positioned after the endfile record prior to data

the
ord

the

ier.

ion
e is

For nonadvancing input, if no error condition or end-of-file condition occurred, but an end-of-record
condition (9.4.3) occurred, the file is positioned after the record just read. If no error condition, 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)

(2)
(3)

The file is a variable of default character type that is not an array section with a vector

subscript.
A record of an internal file is a scalar character variable.

If the file is a scalar character variable, it consists of a single record whose lengt
as the length of the scalar character variable. If the file is a character array, it i
sequence of character array elements. Each array element, if any, is a record of
ordering of the records of the file is the same as the ordering of the array element

h is the same
s treated as a
the file. The

s in the array

9)

(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.

A record of the internal file becomes defined by writing the record.“f th

e number of

characters written in a record is less than the length of the record, thememaining portion of the
record is filled with blanks. The number of characters to be written must ngt exceed the

length of the record.

A record may be read only if the record is defined.

A record of an internal file may become defined (or undefined) by means other than an output

statement. For example, the character variable may become defined by a charact
statement.

An internal file is always positioned at the beginning of the first record prior to
This record becomes the current record.

br assignment

Hata transfer.

On input, blanks are treated in the same*Wway as for an external file opened withl a BLANK=

specifier having the value NULL and re¢ords are padded with blanks if necessary

On list-directed output, character constants are not delimited (10.8.2).

9.2.22 Internal file restrictions

An infternal file has the following restrictions:

1)

2)

0.4.4.4.2).

Reading and writinig,'fecords must be accomplished only by sequential accqss formatted

input/output statements that do not specify namelist formatting.

An internal (file" must not be specified in a file connection statement, a fil
statement, (or a file inquiry statement.

9.3 File connection

A unit, specified by an io-unit, provides a means for referring to a file.

b positioning

R901 | “ig-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:

SUBROUTINE A
READ (6) X

SUBROUTINE B
N=6
REWIND N

the value 6 used
An asterisk ide
sequential acces
9.3.1 Unit exig

At any given
executable prog

All input/outpyit statements may refer to units that exist: The INQUIRE statement and the CL(

statement also 1

9.3.2 Conneg¢

An external u/:lit has a property of being connected or not connected. If connected, it refers to

external file.
statement. The|
to the unit.

All input/outpy
that is connecte

A file may be ¢

written (9.2.1.7).

A unit must no

in both program units identifies the same external unit.

htifies particular processor-dependent external units that are‘preconnected for format
5 (9.4.4.2).

tence

ime, there is a processor-dependent set of extérnal units that are said to exist for
ram.

nay refer to units that do not exist.

tion of a file to a unit

n external unit may become connected by preconnection or by the execution of an OP|
property of connection. is=Symmetric; if a unit is connected to a file, the file is connec

t statements except‘an OPEN, a CLOSE, or an INQUIRE statement must refer to a u
H to a file andtthéreby make use of or affect that file.

onnected-and not exist. An example is a preconnected external file that has not yet b

bé,connected to more than one file at the same time, and a file must not be connected

more than one

ted

an

SE

an

ted

nit

Pen

to

unit’at the same time. However, means are provided to change the status of an exter

nal

unit and to 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 within 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 program to the same unit or to a different unit. Note, however, that the only means of
referencing a file that has been disconnected is by the appearance of its name in an OPEN or INQUIRE
statement. 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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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

934

statement.

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,
create a file and connect it to a unit, or change certain specifiers of a connection between a file and a

unit.
An exfternal unit may be connected by an OPEN statement in any program unit of an executgble program
and, gnce connected, a reference to it may appear in any program unit of the executabléprogfam.
If a ufit is connected to a file that exists, execution of an OPEN statement for thatunit is germitted. If
the FILE = specifier is not included in such an OPEN statement, the file to be cannected to the unit is the
same 3s 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 the unit is
precorjnected, 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 it[;a CLOSE statement without a STATUS= specifier had-been executed for the unit [immediately
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 connectpd, only the
BLANK=, DELIM=, PAD=, ERR=, and IOSTAT =\specifiers may have values differen{ from those
currently in effect. Execution of such an OPEN_statement causes any new value of thd BLANK=,
DELIM =, or PAD= specifiers to be in effect, but‘does not cause any change in any of the unspecified
specifiers and the position of the file is unaffected. The ERR= and IOSTAT= specifieys from any
previolusly executed OPEN statement have ng effect 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
not permitted.
R904 | open-stmt is OPEN ( connect-spec-list )
R905 | 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 = scalar-default-char-expr

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 fan OPEN statement is:

OPEN (10, FILE = 'employee.names', ACTION = 'READ', PAD = 'YES')

9.3.4.1 FILE=

The value of the FILE= specifier is the name of the file to be connected to the specified unit. Any
trailing blanks |are ignored. The file-name-expr must be a name that is allowed by the processor. If this
specifier is omifted and the unit is not connected to a file, the STATUS= specifierniust be specified with
a value of SCRATCH; in this case, the connection is made to a processor-dependent file. If a processdr is
capable of representing letters in both upper and lower case, the interpretation of case is procegsor
dependent.

pecifier in the OPEN statement

9.3.4.2 STATU

The scalar-def
OLD is specifi

= specifier in the OPEN siatement

ult-char-expr must evaluate to OLD, NEW, SCRATCH, REPLACE, or UNKNOWN/| If
, the file must exist. If NEW is specified, the file must not exist.

Successful exeqution of an OPEN statement with NEW specified creates the file and changes the status to
OLD. If REPLACE is specified and the file does nottalready exist, the file is created and the status is
. If REPLACE is specified and the filé does exist, the file is deleted, a new file is credted
with the same hame, and the status is changed to, OLD. 1f SCRATCH is specified, the file is created hnd
connected to the specified unit for use by the“executable program but is deleted at the execution qf a
CLOSE statement referring to the same unit_or at the termination of the executable program. Note {hat
SCRATCH myst not be specified with & named file. If UNKNOWN is specified, the status is procegsor
dependent. If this specifier is omitted, the default value is UNKNOWN.

9.3.4.3 ACCEPS= specitier in\the OPEN statement

The scalar-deffiult-char-expr \must evaluate to SEQUENTIAL or DIRECT. The ACCESS= specifier
specifies the adqcess methodfor the connection of the file as being sequential or direct. If this specifigr is
omitted, the dpfault value is SEQUENTIAL. For an existing file, the specified access method must be
included in thq set©f allowed access methods for the file. For a new file, the processor creates thelfile
with a set of 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
the file. For a new file, the processor creates the file with a set of allowed record lengths that includes the
specified value.

9.3.4/6 BLANK= specifier in the OPEN statement

The §calar-default-char-expr must evaluate to NULL or ZERO. The BLANK= specifier is germitted only
for 4 file being connected for formatted input/output. If NULL is specified(>all blank |characters in
numgric formatted input fields on the specified unit are ignored, except that.a-field of all| blanks has a
valuq of zero. If ZERO is specified, all blanks other than leading blanks are treated as feros. If this
specifier is omitted, the default value is NULL.

9.3.4]7 POSITION= specifier in the OPEN statement

The §calar-default-char-expr must evaluate to ASIS, REWIND, or APPEND. The connectiop must be for
sequgntial access. A file that did not exist previously (a new/file, either specified explicitly pr by default)
is pogitioned at its initial point. REWIND positions an existing file at its initial point. APPEND positions
an existing file such that the endfile record is the next record, if it has one. If an existing file does not
have| an endfile record, APPEND positions the filerat its terminal point. ASIS leaves| the position
unchanged if the file exists and already is connected. ASIS leaves the position unspecified if| the file exists
but i$ not connected. If this specifier is omitted;, the default value is ASIS.

9.3.418 ACTION= specifier in the OPEN’statement

The $calar-default-char-expr must evaluate to READ, WRITE, or READWRITE. READ spe
WRITE and ENDFILE statements\imust not refer to this connection. WRITE specifies
statements must not refer to thisiconnection. READWRITE permits any 1/0 statements tg
conngction. If this specifier. 1s”omitted, the default value is processor dependent. If RE

cifies that the
that READ
refer to this
IADWRITE is

inclu

of al

allow

Hed in the set of allowable actions for a file, both READ and WRITE also must be incly
owed actions for (that file. For an existing file, the specified action must be included
ed actions for the file. For a new file, the processor creates the file with a set of al

ded in the set
in the set of
owed actions

that includes the specified action.

9.3.419 DELIM= specifier in the OPEN statement

The $calgr-default-char-expr must evaluate to APOSTROPHE, QUOTE, or NONE. If APQQSTROPHE is
specifiedy the apostrophe will be used to delimit character constants written with list-direct¢d or namelist
formatting and all internal apostrophes will be doubled. If QUOTE is specified, the quotation mark will
be used to delimit character constants written with list-directed or namelist formatting and all 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.
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9.3.4.10 PAD= specifier in the OPEN statement

The scalar-default-char-expr must evaluate to YES or NO.

If YES is specified, a formatted input record is

padded with 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.
must not require more characters from a record than the record contains.

If NO is specified, the input list and the format specification
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 CLOSE statement

The CLOSE statlement is used to terminate the connection of a specified unit to an external file.

Execution of a
program and ne
that unit.

Execution of a
permitted and a

After a unit has
the same execut
disconnected by
program, either

At termination
that are conneg
termination of e

the effect is ag though a CLOSE statement without a STATUS= specifier were executed on e3

connected unit.
R907
R908

close-str

close-sp

If
be

Constraint:

CLOSE statement that refers to a unit may occur in any program unit of an executa
bd not occur in the same program unit as the execution of an OPEN statement referring

CLOSE statement specifying a unit that does not exist or has no file connected to i
fects no file.

able program, either to the same file or to a different file. \After a named file has bg
execution of a CLOSE statement, it may be connected again within the same executa
to the same unit or to a different unit, provided that thé file still exists.

bf execution of an executable program for reasons gther than an error condition, all un
ted are closed. Each unit is closed with status. KEEP unless the file status prior

it is CLOSE ( close-spec-list )
bC is [ UNIT_ =)] external-file-unit
or IOSTAT = scalar-default-int-variable
or ERR\= [abel
or STATUS = scalar-default-char-expr
he optional characters UNIT = are omitted from the unit specifier, the unit specifier m

the first item in the close-spec-list.

Constraint:

Th

st

Constraint:

E
s

h specifier must not appear more than once in a given close-stmt; an external-file-u
t be specified.

e labelised in the ERR= specifier must be the statement label of a branch tar
tement that appears in the same scoping unit as the CLOSE statement.

The scalar-defa

processor is capable of representmg letters in both upper and lower case, the value specxfled is w1thout

regard to case.

The IOSTAT =

ble
o

-

been disconnected by execution of a CLOSE statement, it may be)connected again within

en
ble

its
to

xecution was SCRATCH, in which case the unit\is closed with status DELETE. Note that

ch

15t

pet

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, 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.

9.4 Dafa transfer statements

The READ statement is the data transfer input statement. The WRITE statementvyand|the PRINT
statemlent are the data transfer output statements.

R909 | read-stmt is READ ( io-control-spec-list ) | input-item=list |
or READ format | , input-item-list |

R910 | write-stmt is WRITE ( io-control-spec-list ) | output-item-list |

R911 | print-stmt is PRINT format [ , output-itemlist |

Examgles of data transfer statements are:

9.4.1

A reference to the source or'destination of the data to be transferred
Optional specification ofediting processes

Optional specification to identify a record

Optional specification of exception handling

Optional weturn of status

Optignal record advancing specification

Optional return of number of characters read

The control information list governs the data transfer.

R912  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: An io-control-spec-list must not contain both a format and a namelist-group-name.

Constraint: 1 nust

the first item in the control information list.

Constraint: If the optional characters FMT = are omitted from the format specifier, the format/specjfier

ust be the second item in the control information list and the first item must. be the pnit
specifier without the optional characters UNIT =.

Constraint: It the optional characters NML= are omitted from the namelist specifier, the namglist
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=.

Constraint: If the unit specifier specifies an internal file, the io-controlspec-list must not contajn a
REC = specitier or a namelist-group-name.

Constraint: If the REC= specifier is present, an END= specifier .inuist not appear, a namelist-group-
rlame must not appear, and the format, if any, st/ not be an asterisk specifying [list-
directed input/output.

Constraint: An ADVANCE= specifier may be present only in a formatted sequential input/oufput
statement with explicit format specification((10.1) whose control information list does|not
dontain an internal file unit specifier.

Constraint: If an EOR = specifier is present, an ADVANCE = specifier also must appear.

A SIZE= spegifier may be present only in anlinput statement that contains an ADVANCE= specjfier

with the value|NO.

An EOR= spgcifier may be present only)in an input statement that contains en ADVANCE= specifier

with the value|NO.

If the data trdnsfer statement céontdins a format or namelist-group-name, the statement is a formatted

input/output sfatement; otherwise, it is an unformatted input/output statement.

In a data tranpfer statemént; the variable specified in an IOSTAT= or a SIZE= specifier, if any, must

not be associated with(any entity in the data transfer input/output list (9.4.2) or namelist-group-obfect-

list, nor with g 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 afray

element refer

processing, or

Te, it subscript vatues must ot be atfected by the data transfer, the fo-implie
the definition or evaluation of any other specifier in the io-control-spec-list.

I-do

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 = 10S, UNIT = 6, FMT = '(10F8.2)') A, B
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9.4.1.1 Format specifier

R913

Const

format is default-char-expr
or label
or *

or scalar-default-int-variable

raint: 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

scoping unit as the format.

The 4
defau

If def

eleme
If for
An e

READ

whers

9.4.1.

The N
data ¢

Ifan

9.4.1.

The R
be pr
contr

statemient; otherwise, it is a sequential access input/output statement.

9.4.1.4

Execu
the IC

t-char-expr includes a character constant.

hult-char-expr is an array, it is treated as if all of the elements of the array were spec
ht order and were concatenated.

mat is *, the statement is a list-directed input/output statement.

ample in which the format is a character expression is:
(6, FMT = ""("" // CHAR_FMT // ™" ) X, Y, Z
CHAR_EMT is a default character variable.

P Namelist specifier

[ML=specifier supplies the namelist-group-name. (5¢4). This name identifies a specific
bjects on which transfer is to be performed.

imelist-group-name is present, the statement isya namelist input/output statement.

8 Record number

EC= specifier specifies the number-of the record that is to be read or written. This
bsent only in an input/output Statement that specifies a unit connected for direct a
| information list contains~a~REC= specifier, the statement is a direct access

L Input/output status

tion of an input/output statement containing the IOSTAT = specifier causes the variabl
STAT = specifier to become defined:

1)  With-a zero value if neither an error condition, an end-of-file condition, nor an
condition occurs,

2)(, With a processor-dependent positive integer value if an error condition occurs,

Hefault-char-expr must evaluate to a valid rormat specitication (i0.1.1 and 10.1.2)}.

Note that

fied in array

collection of

specifier may
Ccess. If the
input/output

e specified in

end-of-record

error condition occurs, or

3] With a processor-dependent negative integer value if an end-of-file condition occurs and no

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
|

ELSE IF (IOSS > 0) THEN
I

i Perform error processing

CALL ERRORLPROCESSING
|

END IF

9.4.1.5 Error branch

If an input/output statement contains an ERR= specifier and an error condition(9:4.3) occurs duripg

execution of thestatement:
(1) Execdtion of the input/output statement terminates,

(2) The position of the file specified in the input/output statement, becomes indeterminate,

(3) If the input/output statement also contains an IOSTAT= specifier, the variable specified

becorhes defined with a processor-dependent positive integer value,

(4) If the statement is a READ statement and it contains-a SIZE= specifier, the variable beconjes

defin¢d with an integer value (9.4.1.9}, and

(5) Execytion continues with the statement specified in the ERR= specifier.

9.4.1.6 End-of-file branch

If an input statement contains an END = specifier and an end-of-file condition (9.4.3) occurs and no erfor

condition (9.4.3] occurs during execution ofthe statement:

(1) Execytion of the input statement terminates,

(2) If thq file specified in_the input statement is an external file, it is positioned after the endflile

recorf,

(3) If th¢ input statement also contains an IOSTAT= specifier, the variable specified beconpes

defingd with. 4 processor-dependent negative integer value, and

(4) Execdtion(continues with the statement specified in the END = specitier.

In 2 WRITE statement the control information list must not contain an END = specifier.

9.4.1.7 End-of-record branch

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.

9.4.1.8 Advance specifier

The sg¢alar-default-char-expr must evaluate to YES or NO. The ADVANCE= specifiel determines
whethér nonadvancing input/output occurs for this input/output statement. If NQ

nonadyancing input/output occurs.

If YES is specified, advancing formatted sequential i

occurs| If this specifier is omitted, the default value is YES.

9.4.1.9) Character count

When [a nonadvancing input statement terminates, the variable specified i the SIZE= speci
defined with the count of the characters transferred by data edit deseriptors during exec
curren} input statement. Blanks inserted as padding (9.4.4.4.2) are nGt counted.

9.4.2 Data transfer input/output list

An input/output list specifies the entities whose values aretransferred by a data transfer i

statempnt.

R914 | input-item

R915 | output-item

R916 | io-implied-do
R917 | io-implied-do-object

R918 | io-implied-do-control

Constraint:
Constraint:

Consttfaint:

is

or’

is
or
is
is
or

variable
io-implied-do

expr
io<tmplied-do

¢ io-implied-do-object-list , io-implied-do-control )

input-item
output-item

do-variable = scalar-numeric-expr , B
B scalar-numeric-expr | , scalar-numeric-expr |

A variable’that is an input-item must not be an assumed-size array.

Thédo-variable must be a scalar of type integer, default real, or double precision real.

Each scalar-numeric-expr in an io-implied-do-control must be of type integer,

double precision real.

s specified,
nput/output

ier becomes
ition of the

nput/output

Hefault real, or

Constraint:

trarmimpmt=itern=st—am fo-tmptted=do-obectostbe—ammpot=rterr—rrar ot
an io-implied-do-object must be an output-item.

but-item-list,

An input-item must not appear as, nor be associated with, the do-variable of any io-implied-do that

contains th

e 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}, J (100

READ *, A (A) I Not allowed

READ *, A (LBOUND (A, 1) : UBOUND (A, 1)) ! Allowed

READ *, A (J) I Allowed, provided no two elements

r4 1l prog oy [l
oT—UTave—tne—same—vatue

READ *, A (A[¢(1) : A (10N | Not allowed

A derived-type [object must not appear as an input/output list item if any component ultimately contaiped
within the objgct is not accessible within the scoping unit containing the input/output statement. |An

example is a stfucture accessed from a module within which its type is PUBLIC but its¢epomponents |are
PRIVATE.

If a derived type ultimately contains a pointer component, an object of this typefmust not appear as| an
input item nor ps the result of the evaluation of an output list item.

If a derived-type object appears as an input/output list item in a formatted\input/output statement, it is
treated as if all|of the components of the object were specified in the same-grder as in the definition of [the
derived type.

An input/outptit list item of derived type in an unformatted input/output statement is treated as a sifgle
value in a prodessor-dependent form. Note that, in this case, the-appearance of a derived-type object as
an input/output list item is not equivalent to the list of its components.

For an implied{DO, the loop initialization and execution is_the same as for a DO construct (8.1.4.4).

An input/outpfit list must not contain an item of nondefault character type if the input/output statement
specifies an int¢rnal file.

Note that a cofistant, an expression involving, operators or function references, or an expression enclgsed
in parentheses may appear as an output list. item but must not appear as an input list item.

An example of |Jan output list with an implied-DO is:

WRITE (LP, FMT = '(10F8.2)').CLOG (A (ID), I =1, N+ 9, K), G

9.4.3 Error, end-of-record;.and end-ot-file conditions
The set of inputt/output error conditions is processor dependent.

An end-of-recofd condition occurs when a nonadvancing input statement attempts to transfer data from a
position beyondl the'end of the current record.

An end-of-file condition occurs in either of the following cases:

(1) When an endfile record is encountered during the reading of a file connected for sequential
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.

Execution of the executable program is terminated if an error condition occurs during execution of an
t statement that contains neither an IOSTAT = nor an ERR= specifier, or if an end-of-file
conditfon occurs during execution of a READ statement that contains neither an IOSTAT = [specifier nor
an END= specifier, or if an end-of-record condition occurs during execution of a nonadvancing READ
statemfent that contains neither an IOSTAT = specifier nor an EOR = specifier.

9.4.4 |Execution of a data transfer input/output statement

The efffect of executing a data transfer input/output statement must be as if (the following opgrations were
performed in the order specified:

() Determine the direction of data transfer
D) Identify the unit

(

(B) Establish the format if one is specified

() 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 lisf (if any) or
namelist

(6) Determine whether an error condition, an end-of-file condition, or an end-of-recgrd condition
has occurred

({7) Position the file after data transfer (9.2.1.3.3)
8) Cause any variables specified in the [IOSTAT = and SIZE= specifiers to become dgfined.

9.4.4.1 Direction of data transfer

Execufion of a READ statement causes values to be transferred from a file to the entities specified by the
input [list, if any, or specitied within the file itself for namelist input. Execution of a WRITE or PRINT
statement causes values to be transferred to a file from the entities specified by the output list and format
specification, if @ny, or by the namelist-group-name for namelist output. Execution of § WRITE or
PRINT statemeént for a file that does not exist creates the file unless an error condition occurs

9.4.4.2 ldentifying a unit

A data transfer input/output statement that contains an input/output control [ist includes a unit specifier
that 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.
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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.

9.4.4.4 Data transter

Data are transfgrred between records and entities specified by the input/output list or namelist. The |ist
items are processed in the order of the input/output list for all data transfer input/output statemehts
except namelist fformatted data transfer statements. The next item to be processed in the list is'called the
next effective item. Zero-sized arrays and implied-DO lists with iteration counts of zero afe)ignored|in
determining the| next effective item. A character item of zero character length is treatedas’an effectjve
item. The list jtems for a namelist input statement are processed in the order of the entities speciffed
within the input records. The list items for a namelist output statement are progessed in the order|in
which the data pbjects (variables) are specified in the namelist-group-object-list.

—

All values needg¢d to determine which entities are specified by an input/output-list item are determined| at
the beginning of the processing of that item.

All values are fransmitted to or from the entities specified by a list ifem prior to the processing of any
succeeding list ifem for all data transfer input/output statements. Inthe example,

READ (N) N, X (ND
the old value of|N identifies the unit, but the new value of N(is the subscript of X.

All values following the name= part of the namelist entity*(10.9) within the input records are transmitfed
to the matching| entity specified in the namelist-groupcobject-list prior to processing any succeeding entfity
within the inpuf record for namelist input statements.” If an entity is specified more than once within the
input record dufing a namelist formatted data transfer input statement, the last occurrence of the entfity
specifies the valpie or values to be used for thatwentity.

An input list item, or an entity associated with it, must not contain any portion of an established format
specification.

If the input/output item is a pointér,)data are transferred between the file and the associated target.

If an internal file has been specified, an input/output list item must not be in the file or associated wijith
the file. Note that the file 5 a data object.

A DO variable |becomeésdefined and its iteration count established at the beginning of processing of the
items that const{tute(the range of an io-implied-do.

On output, every ‘entity whose value is to be transferred must be defined.

9.4.4.4.1 Unformatted data transfer

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
values fst; f the file and
must fot exceed the value specified in the RECL= specifier, if any, of the OPEN-statement that
established the connection.

If the file is connected for formatted input/output, unformatted data transfer is prohibited.

The uyit specified must be an external unit.

94442 Formatted data transfer

During formatted data transfer, data are transferred with editing between the file and the entifies specified
by the|input/output list or by the namelist-group-name, if any. Format control is initiated and editing is
performed as described in Section 10. The current record andcpossibly additional records [are read or
writter}.

Values| may be transferred by means of a formatted data transfer statement to or from objectg of intrinsic
or derjved types. In the latter case, the transfer is in the'form of values of intrinsic types to |or from the
components of intrinsic types that ultimately comprise\these structured objects.

On input, the file must be positioned so that the'record read is a formatted record or an endfile record.
If the fiile is connected for unformatted input/Zoutput, formatted data transfer is prohibited.

During advancing input from a file whese PAD = specifier has the value NO, the input list|and format
specifi¢ation must not require more characters from the record than the record contains.

During advancing input from afile-whose PAD = specifier has the value YES, or during input from an
interngl file, blank characters are supplied by the processor if the input list and format ppecification
requirg more characters from:\the record than the record contains.

During nonadvancing /input from a file whose PAD= specifier has the value NO, an epd-of-record
conditjon (9.4.3) occursif the input list and format specification require more characters from the record
than the record centains.

During nonadvancing input from a file whose PAD= specifier has the value YES, an ephd-of-record
condit{on acglrs and blank characters are supplied by the processor if an input item and its cgrresponding
data ecliit 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 read or written.

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. If a formatted record is printed, the first character of the record is not printed. The remaining
characters of the record, if any, are printed in one line beginning at the left margin.

The first charadter of such a record must be of default character type and determines vertical spaeing| as
follows:

Character  Vertical Spacing Before Printing

Blank One Line

0 Two Lines
1 To First Line of Next Page
+ No Advance

If there are no ¢haracters in the record, the vertical spacing is one line and_ho characters other than blank
are printed in that line,

The PRINT stajement does not imply that printing will occur, and<the WRITE statement does not imply
that printing will not occur.
9.4.6 Termingtion of data transter statements

Termination of|an input/output data transfer statement* occurs when any of the following conditions jare
met:

(1) Format processing encounters a data edit descriptor and there are no remaining elements in the
inpuf-item-list or output-item-list,

(2) Unfqrmatted or list-directed data transfer exhausts the input-item-list or output-item-list.

(3) Namjelist output exhaustsithe namelist-group-object-list or namelist input reaches the end df a
recofd after having procéssed a name-value subsequence for every item in the namelist-gropp-
objeft-list.

(4) An drror condition occurs.

(5) An dnd-of-file condition occurs.

(6) A slash/(/) is encountered as a value separator (10.8, 10.9) in the record being read during

. R 1 1. -
list-directed-or mamelist-input:

(7)  An end-of-record condition occurs during execution of a nonadvancing input statement.

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

or ENDFILE ( position-spec-list )
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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

Constraint: 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

Constraint: If the optional characters UNIT= are omitted from the unit specifier, the unit specifier 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 IQSTAT = and ERR= specifiers are described in 9.4.1.4 and 9.4.1.5, réspectively.

9.5.1 BACKSPACE statement

Execufion of a BACKSPACE statement causes the file connected to the specified unit to He positioned
before| the current record if there is a current record, or before the preceding record if there Js no current
record. If there is no current record and no preceding record, the position of the file is mot changed.
Note fhat if the preceding record is an endfile record, the(file is positioned before the endfile|record. If a
BACKSPACE statement causes the implicit writing of Jan endtile record, the file is positiondd before the
record that precedes the endfile record.

Backspacing a file that is connected but does not.exist is prohibited.

Backspacing over records written using list-directed or namelist formatting is prohibited.
An exhmple of a BACKSPACE statement is:

BACKSPACE (10, ERR = 20)

9.5.2 |ENDFILE statement

Execulion of an ENDFILE-statement writes an endfile record as the next record of the file. TRe file is then
positigned after the endfile record which becomes the last record of the file. If the file hlso may be
connefted for direct.access, only those records before the endfile record are considered tp have been
writteh. Thus, ofily~those records may be read during subsequent direct access connections tg the file.

After |execution“of an ENDFILE statement, a BACKSPACE or REWIND statement must| be used to
reposifion the'file prior to execution of any data transfer input/output statement or ENDFILE [statement.

Execu{ionof an ENDFILE statement for a file that is connected but does not exist creates thq file prior to
writing the endfile record.

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.

129


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

ISO/IEC 1539

: 1991 (E)

Execution of a REWIND statement for a file that is connected but does not exist is permitted and has no

effect.

An example of
REWIND 10

a REWIND statement is:

9.6 File inquiry

The INQUIRE statement may be used to inquire about properties of a particular named file or of the
connection to a particular unit. There are three forms of the INQUIRE statement: inquire by file, which
uses the FILE= specifier, inquire by unit, which uses the UNIT = specifier, and inquire by output list,

which uses only
the rules for ass

An INQUIRE st

the [OLENGTH= specitier. All specitier value assignments are pertormed according
gnment statements.

assigned by an INQUIRE statement are those that are current at the time the statement is execiited.

R923

Examples of IN(

INQUIRE (UNI

inquire-

stmt is INQUIRE ( inquire-spec-list )
or INQUIRE ( IOLENGTH = scalar-default-int-variable ) B

B output-item-list

DUIRE statements are:

= JOAN, OPENED = LOG_01, NAMED = L0OG_02, &

INQUIRE (IOLiGTH = I0L) A (1:ND

FORM = CH

_VAR, IOSTAT = 10S)

9.6.1 Inquiry specifiers

Unless constrain

by unit forms o

R924
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inquire-

the INQUIRE statement:

is | UNIT = Jexternal-file-unit

or FILE = file-name-expr

or IOSTAT = scalar-default-int-variable

or ERR(= label

or EXIST = scalar-default-logical-variable

or' OPENED = scalar-default-logical-variable
or 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

Epec

or UNFORMATTED = scalar-default-char-variable
or RECL = scalar-default-int-variable

or NEXTREC = scalar-default-int-variable

or BLANK = scalar-default-char-variable

or POSITION = scalar-default-char-variable
or ACTION = scalar-default-char-variable

or READ = scalar-default-char-variable

or WRITE = scalar-default-char-variable

or READWRITE = scalar-default-char-variable
or DELIM = scalar-default-char-variable

or PAD = scalar-default-char-variable

to

htement may be executed before, while, or after a file is connected to a unit._. All valfies

ed, the following inquiry specifiers may becuséd in either of the inquire by file or ingufire
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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 specifier

variables become undefined, except for the variable in the IOSTAT = specifier (if any).
The IQSTAT = and ERR = specifiers are described in 9.4.1.4 and 9.4.1.5, respectively.

9.6.1.1
The v3

FILE= specifier in the INQUIRE statement

lue of the file-name-expr in the FILE= specifier specifies the name of the file’being inqnired about.

The ngmed file need not exist or be connected to a unit. The value of the file-name-expr must be of a
form 4cceptable to the processor as a file name. Any trailing blanks are-ignored. If a |processor is
capabl¢ of representing letters in both upper and lower case, the interpretation of case fis processor
dependent.

9.6.1.2| EXIST= specifier in the INQUIRE statement

Executjon of an INQUIRE by file statement causes the scalar-default-logical-variable in the EXIST=
specifigr to be assigned the value true if there exists a file ‘with the specified name; othervise, false is
assigndd. Execution of an INQUIRE by unit statement. causes true to be assigned if the specified unit
exists; [otherwise, false is assigned.

9.6.1.3| OPENED= specifier in the INQUIRE statement

Executjon of an INQUIRE by file statement“causes the scalar-default-logical-variable in the|OPENED =
specifi¢r to be assigned the value true-if the file specified is connected to a unit; otherwise, false is
assigndd. Execution of an INQUIRE by unit statement causes the scalar-default-logical-vayiable to be
assigngd the value true if the specified unit is connected to a file; otherwise, false is assigned.

9.6.1.4 NUMBER= specifier in the INQUIRE statement

The s¢alar-default-int-vdriable in the NUMBER = specifier is assigned the value of the gxternal unit
identiffer of the unit_that is currently connected to the file. If there is no unit connected to[the file, the
value 11 is assigned;

9.6.1.51 NAMED= specifier in the INQUIRE statement

The sdalar-default-logical-variable in the NAMED = specifier is assigned the value true if tll\e file has a
name; lothérwise, it is assigned the value false.

9.6.1.6 NAME= specifier in the 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 UNKNOWN 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 DIREC]
The scalar-defd

= specifier in the INQUIRE statement
ult-char-variable in the DIRECT= specifier is assigned the value YES if DIRECT

is

included in thel set of allowed access methods for the file, NO if DIRECT is not included‘in-the se{ of
allowed access [methods for the file, and UNKNOWN if the processor is unable to detertnine whether or
not DIRECT isfincluded in the set of allowed access methods for the file.

9.6.1.10 FORM= specifier in the INQUIRE statement

The scalar-defdult-char-variable in the FORM = specifier is assigned the value. FORMATTED if the file is
connected for flormatted input/output, and is assigned the value UNFORMATTED if the file is connegted
for unformatteql input/output. If there is no connection, it is assigned the'value UNDEFINED.

9.6.1.11 FORMATIED= specifier in the INQUIRE statement

The scalar-default-char-variable in the FORMATTED= (specifier is assigned the wvalue YES| if

FORMATTED
the set of allow

is included in the set of allowed forms for thefile, NO if FORMATTED is not included in
red forms for the file, and UNKNOWN if*the processor is unable to determine whether

or
not FORMATTED is included in the set of allowed forrs for the file.
9.6.1.12 UNFORMATIED = specifier in the INQUIRE statement
The scalar-defpult-char-variable in the UNFORMATTED= specifier is assigned the value YEY if
UNFORMATTED is included in the set-ofiallowed forms for the file, NO if UNFORMATTED is |not

included in the
whether or not

9.6.1.13 RECL
The scalar-def:

UNFORMATTED is included in the set of allowed forms for the file.

= specifier in the INQUIRE statement

ult-int-variable’ in the RECL= specifier is assigned the value of the record length of a

set of allowed forms for ‘the file, and UNKNOWN if the processor is unable to determine

file

tial
all
ted

lar-

connected for direct access, or the value of the maximum record length for a file connected for sequen
access. If the file is_connected for formatted input/output, the length is the number of characters for
records that cqntain_only characters of type default character. If the file is connected for unforma
input/output, fhe léngth is measured in processor-dependent units. If there is no connection, the sca
default-int-variable 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

The scalar-default-char-variable in the POSITION = specifier is assigned the value REWIND if the file is
connected by an OPEN statement for positioning at its initial point, APPEND if the file is connected for
positigr i T T i f T the— ted without
chang , the scalar-
defaul d since the
conne must not be
REWI 5s the file is
positig le record.

ng its position. If there is no connection or if the file is connected for direct aeces
t-char-variable is assigned the value UNDEFINED. If the file has been repdsitio
'tion, the scalar-default-char-variable is assigned a processor-dependent value; which
ND unless the file is positioned at its initial point and must not be APPEND unle
ned so that its endfile record is the next record or at its terminal point ifnt-has no endf

9.6.1.1
The s

conne
conne
assign

7 ACTION= specitier in the INQUIRE statement

Falar-default-char-variable in the ACTION= specifier is assigned the value READ
rted for input only, WRITE if the file is connected for output only, and READW

rted for both input and output. If there is no connection, the scalar-default-cha
rd the value UNDEFINED.

if the file is
RITE if it is
r-variable is

9.6.1.1

The sd
the se
file, a
of allg

8 READ= specifier in the INQUIRE statement

alar-default-char-variable in the READ = specifier is assigned the value YES if READ ik included in
of allowed actions for the file, NO if READ is not included in the set of allowed adtions for the

nd UNKNOWN if the processor is unable to determine whether or not READ is-included in the set
wed actions for the file.

9.6.1.19 WRITE= specifier in the INQUIRE statement

The s{
in the
file, a
of allg

9.6.1.2
The s¢

alar-default-char-variable in the WRITE= specifier is assigned the value YES if WRIT
set of allowed actions fof the file, NO it WRITE is not included in the set of allowed a
nd UNKNOWN if the processor is unable to determine whether or not WRITE is inclug
wed actions for thefile:

O READWRHE= specifier in the INQUIRE statement
alar-default-char-variable in the READWRITE = specifier is assigned the value YES if §

ded in\the set of allowed actions for the file, NO if READWRITE is not included

E is included
tions for the
ed in the set

YEADWRITE
in the set of

is incl
allowdd actions for the file, and UNKNOWN if the processor is unable to determine whiether or not
READWRITE is included in the set of allowed actions for the file.

9.6.1.21 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-ch
variable is assigned the value YES.

9.6.2 Restrictions on inquiry specifiers

ar-

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.

The inquire-spec-list in an INQUIRE by file statement must contain exactly one FILE= specifier and must
not contain a UNIT= specifier. The inguire-spec-list in an INQUIRE by unit statement must contain

exactly one UN|T = specifier and must not contain a FILE= specifier. The unit specified need not,exist

or be connected|to a file. If it is connected to a file, the inquiry is being made about the connection
about the file connected.
9.6.3 Inquire by output list

The inquire by gutput list form of the INQUIRE statement does not include a FILE= ¢r jUNIT = specifi
and includes only an IOLENGTH = specifier and an output list.

The scalar-defaylt-int-variable in the IOLENGTH= specifier is assigned the~processor-dependent va
that would result from the use of the output list in an unformatted output statement. The value must

suitable as a RHCL= specifier in an OPEN statement that connects a file)for unformatted direct accp

when there are input/output statements with the same input/output list:

9.7 Restrictions on function references and list items

A function refefence must not appear in an expression anywhere in an input/output statement if such
reference causes| another input/output statement to be exécuted. Note that restrictions in the evaluati
of expressions (1.1.7) prohibit certain side effects.

9.8 Restriction on input/output statements

If a unit, or a flle connected to a unit, does:not have all of the properties required for the execution
certain input/ouftput statements, those statements must not refer to the unit.

d

of
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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 specifier, a namelist-group-name may be specified which indicates namelist
formatting (10 9)

10.1 |[Explicit format specification methods
Explicit format specification may be given:
(1) In a FORMAT statement, or

() In a character expression.

10.1.1| FORMAT statement

R1001| format-stmt is FORMAT format-specification
R1002| format-specification is ([ format-item-list N
Constfaint: The format-stmt must be labeled.

Constfaint: The comma used to separate format-items’in a format-item-list may be omitted as follows:

(1) Between a P edit descriptor 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 i§ 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 pregede the initial left parenthesis of the format specification. Additional blank
charadters may appearyat-any point within the format specification, with no effect on the intefpretation of
the format specification; except within a character string edit descriptor (10.7.1, 10.7.2).

Examgples of FORMAT statements are:

5 FORMAT (1PE12.4, 110)
9 FORMAT (I12, /, ' Dates: ', 2 (213, I5))

10.1.2 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
or [ r | ( format-item-list )

R1004 r is int-literal-constant

Constraint: 7 must be positive.
Constraint: 7 fnust not have a kind parameter specified for it.

The integer literal constant r is called a repeat specification.

10.2.1 Edit descriptors
An edit descriplor is a data edit descriptor, a control edit descriptor, or a character string edit descriptg

R1005 data-edft-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 Dw . d
R1006 w is intsliferal-constant
R1007 m is* int-literal-constant
R1008 d is int-literal-constant
R1009 e is int-literal-constant

Constraint: ] and e must/be positive.

Constraint: uf, m, di-and e must not have kind parameters specified for them.
I, B, O, Z F H EN-ES, G, L, A, and D indicate the manner of editing.

R1010 control-edit-desc 1s 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.

R1014 sign-edit-desc is S
or SP
oSS

R1018 blank-interp-edit-desc is BN
or BZ

In kP k is called the scale factor.
T, TU, TR, X, slash, colon, S, SP, SS, P, BN, and BZ indicate the manner of editing.

R1014 char-string-edit-desc is char-literal-constant

or ¢ H rep-char | rep-char ] ...

R1017| ¢ is int-literal-constant
Constraint: ¢ must be positive.

Constraint: ¢ must not have a kind parameter specified for it.

Constrhint: The rep-char in the ¢H form must be of default chardeter type.

Constraint: The char-literal-constant must not have a kind parameter specified for it.

Each fep-char in a character string edit descriptor must be one of the characters capable of representation
by the processor.

The character string edit descriptors provide constant data to be output, and are not valid fof input.

Within a character literal constant,l.appearances of the delimiter character itself, apostrophe or quote,
must pe as consecutive pairs without intervening blanks. Each such pair represents a single pccurrence of
the d¢limiter character.

In the H edit descriptor, ¢ specifies\the number of characters following the H.

If a processor is capéable of representing letters in both upper and lower case, the edit descriptors are
withdut regard to.case except for the characters following the H in the H edit descriptor and the chalacters in the
charafter constants-

10.22 Fields

A field\is“a part of a record that is read on input or written on output when format control|l encounters a
data edit descriptor or a character string edit descriptor. The field width is the size in characters of the

field.

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.

To each data edit descriptor interpreted in a format specification, there corresponds one effective item
specified by the input/output list (9.4.2), except that an input/output list item of type complex requires
the interpretatipn 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 commj\icates information directly with the record.

Whenever format control encounters a data edit descriptor in a format specification,Oit~determipes
whether there i§ a corresponding effective item specified by the input/output list. If therne'is such an itgm,
it transmits appropriately edited information between the item and the record, and then format confrol
proceeds. If thére is no such item, format control terminates.

If format contfol encounters a colon edit descriptor in a format specification' and another effective
input/output ligt item is not specified, format control terminates.

If format contfol encounters the rightmost parenthesis of a complete, format specification and another
effective input/jputput list item is not specified, format control terminates. However, if another effective
input/output lift item is specified, the file is positioned in a manner identical to the way it is positioned
when a slash edit descriptor is processed (10.6.2). Format contrel then reverts to the beginning of the
format item terminated by the last preceding right parenthesis. If there is no such preceding right
parenthesis, fofmat control reverts to the first left parenthesis of the format specification. If 3gny
reversion occufs, the reused portion of the format specification must contain at least one data e¢dit
descriptor. If fprmat control reverts to a parenthesis that is preceded by a repeat specification, the repeat
specification is feused. Reversion of format control) of itself, has no effect on the scale factor (10.6.5|1),
the sign controll edit descriptors (10.6.4), or the blank interpretation edit descriptors (10.6.6).

Example: The fprmat specification:

10 FORMAT (1X, 2(F10.3, I5))

with an output [list of

WRITE (10,10} 10.1, 3, 4.7,)71, 12.4, 5, 5.2, 6
produces the same output as the format specification:

10 FORMAT (1X, F10.3,/15, F10.3, I5/F10.3, 15, F10.3, I5)

10.4 Positio

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.

ing by format control

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.

138


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

ISO/IEC 1539 : 1991 (E)

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.

10.5.1 Numeric editing
The [B—O,—Z F £ ENES D, —and G edit descriptors may be used to specify the input/output 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 default for a
preconnected or internal file, and any BN or BZ blank control that is¢urrently in ¢ffect for the
unit (10.6.6). Plus signs may be omitted. A field containing only blanks is considered to be
zero.

—
=
~

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 locationy. The input
field may have more digits than the processor uses to dpproximate the value of the|datum.

(B)  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 witha\plus, as controlled by the S, SP,| and SS edit
descriptors or the processor. The representation of a negative internal value in the field must
be prefixed with a minus. However, the processor must not produce a negative signed zero in
a formatted output record.

(#) 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 fn the field.

(f) On output, if the number of characters produced exceeds the field width or if pn exponent

exceeds its specified length using the Ew.dEe, ENw.dEe, ESw.dEe, or Gw.dEe ediE descriptor,
the processor must fill. the ‘entire field of width w with asterisks. However, the processor must
not produce asterisks ifthe field width is not exceeded when optional characters fare omitted.
Note that when an SP edit descriptor is in effect, a plus is not optional.

10.5.1]1 Integer editing

The I, lw.m, BwsBw.m, Ow, Ow.m, Zw, and Zw.m edit descriptors indicate that the field|to be edited
occupies w positions. The specified input/output list item must be of type integer. The G edit descriptor
also may be used to edit integer data (10.5.4.1.1).

On input,,m’has no effect.
In the%ﬁWﬂmﬂmwﬂ@meﬁWﬂMnally signed

integer constant, except for the interpretation of blanks. For the B, O, and Z edit descriptors, 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 Real and complex editing

The F, E, EN, BS, and D edit descriptors specify the editing of real and complex data. An input/output
list item corresIt)nding to an F, E, EN, ES, or D edit descriptor must be real or complex. The\G ¢dit
descriptor also fnay be used to edit real and complex data (10.5.4.1.2).

If a processor s capable of representing letters in both upper and lower case, a lower-case letteq is
equivalent to tI corresponding upper-case letter in the exponent in a numeric input field.

10512 Fe

The Fw.d edit descriptor indicates that the field occupies w positions, the fractional part of which consjsts
of d digits.

iting

The input field consists of an optional sign, followed by a string<ef one or more digits optionglly
containing a defimal point, including any blanks interpreted as zeres: /The d has no effect on input if the
input field contpins a decimal point. If the decimal point is omitted, the rightmost d digits of the stripg,
with leading zefos assumed if necessary, are interpreted as the fractional part of the value represented.
The string of dligits may contain more digits than a progessor uses to approximate the value of fthe
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 exponent cdntaining a D is processed(identically to an exponent containing an E.

Note that if thd input field does not_¢entain an exponent, the effect is as if the basic form were folloyed
by an exponent| with a value of —(k))where k is the established scale factor (10.6.5.1).

The output field consists of blanks, if necessary, followed by a minus if the internal value is negative| or
an optional plup 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 fractignal
digits. Leading|zerossare not permitted except for an optional zero immediately to the left of the deci;FaI

point if the magnitude of the value in the output field is less than one. The optional zero must appear if
there would otherwise be no digits in the output field.

10.5.1.2.2 E and D editing

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).
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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 Etz,z; or 2027,
99 < |exp | =999 4174292,
Ew.dEe lexp | =10 —1 BEtz,z, - -z,
Dw.d lexp | <99 Dx+z,z orExzz,
or iOlez
99 < |exp = 999 +2,2,2;

where each z is a digit.

The sfgn in the exponent is produced* A plus sign is produced if the exponent value is zerq. The forms
Ew.d|and Dw.d must not be used if Jexp] > 999.

The skale factor k controls the\décimal normalization (10.2.1, 10.6.5.1). If -d < k =< 0, the output field
contajns exactly |k| leading\zeros and d - |k| significant digits after the decimal point. If 0 4 k < d + 2,
the output field contains’exactly k significant digits to the left of the decimal point and d — k + 1
signifjcant digits to the right of the decimal point. Other values of k are not permitted.

10.5.].2.3 EN editing

The BN edit.descriptor produces an output field in the form of a real number in engineering notation such
that the decimal exponent is divisible by three and the absolute value of the significand (4.3.1.2) is greater
than pr€qual to 1 and less than 1000, except when the output value is zero. The scale factor has no
effect on output.

The forms of the edit descriptor are ENw.d and ENw.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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output field is:

[ £ lyyy.xixy - - xgexp

where:

+ signifies a plus or a minus.

yyy are the 1 to 3 decimal digits representative of the most significant digits of the value of the
datum after rounding (yyy is an integer such that 1 < yyy < 1000 or, if the output value is zero,

yyy = 0).
XpXs )
exp is a de

where eac

The sign in the
ENw.d must no

Examples:

10.5.1.24 ES editing

The ES edit de

4 are the d next most significant digits of the value of the datum after rounding.
cimal exponent, divisible by three, of one of the following forms:
Edit Absolute Value Form of
Descriptor of Exponent Exponent
ENw.d lexp | =99 Extz,z, or¢x0z,z,
99 < |exp | <999 +212523
ENw.dEe lexp | =10°—1 Etzyz, -z,

n z is a digit.
exponent is produced. A plus sign;i§produced if the exponent value is zero. The fq
t be used if |exp| > 999.

Internal Value’ Output field Using SS, EN12.3

6421 6.421E+00
=5 -500.000E-03
.00217 2.170E-03

4721.3 4.721E+03

ich

ieriptor produces an output field in the form of a real number in scientific notation s

that the absolu

when the output value is zero. The scale factor has no effect on output.

€ value of the significand (4.3.1.2) {5 greater tham or equat to 1 and tess tharmr 10, except

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.

X¥1X, * ° - xy are the d next most significant digits of the value of the datum after rounding.

dxp is a decimal exponent having one of the following forms:

Edit Absolute Value Form of
Descriptor of Exponent Exponent
ESw.d lexp | =99 E+2z325/0r 02z,
99 < |exp | =999 +z,2523
ESw.dEe lexp | =10° <A 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 zer¢. The form
ESw.d must not be used if jexp| > 999.

Examples:

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

A conjplex datum consists of a pair of separate real data. The editing of a scalar datum of fomplex data
type i$ specified by two edit descriptors each of which specifies the editing of real data. The first of the
edit déscriptorsspecifiesthereat-part—the—secord-specifies—the—imagirarypart—Fhe—two—edit descriptors
may 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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representing letters in both upper and lower case, a lower-case letter is equivalent to the corresponding
upper-case 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 datum 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 be used to edit character data (10.5.4.3). All characters transferred and converted under control
of one A or G edit descriptor must have the same kind type parameter as the data item in the
input/output list.

If a field widthl w is specified with the A edit descriptor, the field consists of w characters. If a“fjeld
width w is not [specified with the A edit descriptor, the number of characters in the field is the ength of
the correspondihg list item, regardless of the value of the kind type parameter.

Let len be the length of the input/output list item. If the specified field width w for A¢input is gregter
than or equal tp len, the rightmost len characters will be taken from the input field. If the specified fleld
width w is lesd than len, the w characters will appear left-justified with len — w trailing blanks in [the
internal represeptation.

If the specified|field width w for A output is greater than len, the output field will consist of w —|len
blanks followed by the len characters from the internal representation. If the specified field width % is
less than or edual to len, the output field will consist of the leftmost ‘w characters from the intenal
representation.

Note that for npndefault character types, the blank padding character is processor dependent.

10.5.4 Geneialized editing

The Gw.d and| Gw.dEe edit descriptors are used withi\ar input/output list item of any intrinsic tylpe.
These edit desdriptors indicate that the external field>occupies w positions, the fractional part of which
consists of a maximum of d digits and the exponentipart consists of e digits. When these edit descripfors
are used to spegify the input/output of integer, logical, or character data, d and e have no effect.

10.5.4.1 Generalized numeric editing

When used to fpecify the input/output.of integer, real, and complex data, the Gw.d and Gw.dEe edit
descriptors follpw the general rulesifor numeric editing (10.5.1). Note that the Gw.dEe edit descriptor
follows any additional rules for/the’Ew.dEe edit descriptor.

10.5.4.1.1 Generalized’integer editing

When used to $pecify_the/input/output of integer data, the Gw.d and Gw.dEe edit descriptors follow |the
rules for the I edit descriptor (10.5.1.1).

10.54.1.2 Generalizedreatandcomptexediting
The form and interpretation of the input field is the same as for F editing (10.5.1.2.1).

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 — 0.5X 109" 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<1-05x10"7 Flw —n).d, n(‘b")
1-05X109< N <10 — 0.5%x1079+! Flw —n).(d —1), n(’b’

b’)
10 — 05X 109" < N <100 — 0.5X10°9*2  Fw —n).(d —2), n(’b")

10972 —05%X1072< N <1097 —05%x10"! Fw —n).1, n('b")
10971 —0s5X10" < N<c10—05 F(zp —n)0 n(Cb")

’

where|b is a blank. n is 4 for Gw.d and e + 2 for Gw.dEe.

Note
range

hat the scale factor has no effect unless the magnitude of the datum to be)edited i
that permits effective use of F editing.

10.5.4.2 Generalized logical editing

When

rules for the Lw edit descriptor (10.5.2).

10.5.4.3 Generalized character editing

When

the rules for the Aw edit descriptor (10.5.3).

10.6
A co

intern

10.6.

Control edit descriptors

Position editing

The 1|, TL, TR, and X edit deseriptors specify the position at which the next character will b

to or

nonddfault character, the result of that position editing is processor dependent.

The p

input,

The p

this allows pdrtions of a record to be processed more than once, possibly with differen

beyor{d the last’ character of the record may be specified if no characters are transmitte

positi

On outpit, a T, TL, TR, or X edit descriptor does not by itself cause characters to be tran

bns. (Note that an nX edit descriptor has the same effect as a TRn edit descriptor.

L outside the

used to specify the input/output of logical data, the Gw.d and-Gw.dEe edit descriptofs follow the

used to specify the input/output of character data, the Gw.d and Gw.dEe edit descrjptors follow

trol edit descriptor does not cause the\transfer of data nor the conversion of datd to or from
1 representation, but may affect the ¢énversions performed by subsequent data edit degcriptors.

P transmitted

from the record. If any’ character skipped by a T, TL, TR, or X edit descriptqr is of type

osition specified by’a T edit descriptor may be in either direction from the current position. On

t editing.

osition specified by an X edit descriptor is forward from the current position. On inp#it, a position

d from such

smitted and

therefore does not by itself affect the length of the record. If characters are transmitted to positions at or
after the position specified by a T, TL, TR, or X edit descriptor, positions skipped and not previously
filled are filled with blanks. The result is as if the entire record were initially filled with blanks.

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 may result
in positioning such that subsequent editing causes a replacement.
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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 the character position n characters backward from the current position. However, if n is 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 edit d
occur at the ch4

escriptor indicates that the transmission of the next character to or from the record ig to
racter position n characters forward from the current position.

Note that n must be specified and must be greater than zero.

10.6.1.2 X ed

The nX edit descriptor indicates that the transmission of the next character to or-from a record is to og
at the position |n characters forward from the current position. Note that the-# must be specified §
must be greater|than zero.

ting

cur

nd

10.6.2 Slash
The slash edit

diting
scriptor indicates the end of data transfer to or from the current record.

On input from| a file connected for sequential access, the remaining portion of the current record
skipped and the file is positioned at the beginning of the.néxt record. This record becomes the curr

record. On ou
current record;
positioned at th

For a file connd
the beginning

becomes the cui
Note that a recq

file connected f
may be skipped

specified, the dgfault value is-one.

10.6.3 Colon

The colon edi

put to a file connected for sequential access, a new empty record is created following
this new record then becomes the last and current record of the file and the filg
e beginning of this new record.

cted for direct access, the record number is increased by one and the file is positioned
bf the record that has that.record number, if there is such a record, and this rec
rent record.

rd that contains no characters may be written on output. If the file is an internal file g
br direct access, the record is filled with blank characters. Note also that an entire rec
on input. The.répeat specification is optional on the slash edit descriptor. If it is

editing

descriptor terminates format control if there are no more effective items in

ra
brd

not

the

input/output lis

t (942 The colon edit dpsrripfnr has na effect if there are more effective items in

he

input/output 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

appliesrto—aitsubsequently-interpreted+ £ EN,ES D —amd-Gedit descriptorsuntitaPedit gescriptor is
encountered, and then a new scale factor is established. Note that reversion of format control (10.3) does
not affect the established scale factor.

The sc:
(1

le factor k affects the appropriate editing in the following manner:

) in the field)

r equals the

On input, with F, E, EN, ES, D, and G editing (provided that no expohent exists
and F output editing, the scale factor effect is that the externally represented numbe
internally represented number multiplied by 10*.

(3)  On input, with F, E, EN, ES, D, and G editing, the scale\factor has no effect if

exponent in the field.

there is an

(3) On output, with E and D editing, the significand (4.3.¥.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 magnitude of
the datum to be edited is outside the range that permits the use of F editing. If the use of E
editing is required, the scale factor has the,same effect as with E output editing.
(3)  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 may bé 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,

nonlea
ignoreg

ling blank characters fromJa file connected by an OPEN statement are interpreted as
, depending on the value of the BLANK = specifier (9.3.4.6) currently in effect for

intern

file is treated as if\the file had been opened with BLANK = 'NULL'. If a BN edit

encourftered in a format specification, all nonleading blank characters in succeeding numeric

are ig

remainjng portion of the field right-justified, and the blanks replaced as leading blanks. How|
contaijing only )blanks has the value zero.

red. The effect of ignoring blanks is to treat the input field as if blanks had been r

If a BZ edit descriptor is encountered i

specifidation; ‘all nonleading blank characters in succeeding numeric input fields are treated as

zeros or are
the unit; an
Hescriptor is
input fields
emoved, the
ever, a field
h a format
zeros.

The BN<and BZ edit descriptors affect only I, B, O, Z, F, E, EN, ES, D, and G editing durilI\g execution

of an inpuf statement.

10.7

They have no ettect during execution oOf an output statement.

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 list-directed formatting

The characters WMWMW
The end of a gecord has the same effect as a blank character, unless it is within a character const3nt.

Any sequence lof two or more consecutive blanks is treated as a single blank, unless it iswithip a
character constant.

Each value is 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 arCunsigned, nonzero, intgger
literal constan{ with no kind type parameter specified. The r*c formiis equivalent to r succesgive
appearances of [the constant ¢, and the r* form is equivalent to r successive appearances of the null vafue.
Neither of thes¢ 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 centiguous blanks and optionally followed| by
one [or more contiguous blanks,

2) A ifsh optionally preceded by one or more-contiguous blanks and optionally followed by pne
or more contiguous blanks, or

(3) One or more contiguous blanks betieen two nonblank values or following the last nonblank
value, where a nonblank value isc@'constant, an r*c form, or an r* form.

10.8.1 list-directed input

Input forms adceptable to edit descriptors for a given type are acceptable for list-directed formatting,
except as noted below. The form of the input value must be acceptable for the type of the next effective
item in the lis{. Blanks are.never used as zeros, and embedded blanks are not permitted in constahnts,
except within [character_tonstants and complex constants as specified below. Note that the end ¢f a
record has the pffect of.a-blank, except when it appears within a character constant.

When the next|effective item is of type integer, the value in the input record is interpreted as if an Iw fdit
descriptor with a\sditable 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 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 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 end of one
record to the beginning of the next record, but the end of record must not occur between a doubled
apostrophe in an apostrophe-delimited constant, nor between a doubled quote in a quote-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

the d

chara

quota

Let le

less th

item.

item 4

effect

(1)

next effective item is of type default character and:

(2)

The character constant does not cross a record boundary, and

The character constant does not contain the value separators blank, comma, or slash, 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,
blimiting apostrophes or quotation marks are not required. If the delimiters are

ion marks within the datum are not to be doubled.

an or equal to w, the leftmost len characters of the constant @re'transmitted to the
If len is greater than w, the constant is transmitted to the leftrmost w characters of the
nd the remaining len — w characters of the next effective item are filled with blanks.

statement (7.5.1.4).

ter constant is terminated by the first blank, comma, slash, or end of re€ord and apg

1 be the length of the next effective item, and let w be the length of the character const

is as though the constant were assigned to the next effective item in a characte

omitted, the
strophes and

ant. If len is
next effective
next effective
Note that the
r assignment

10.8.].1 Nuli values
A nulj value is specified by:
1) The r* form,
2) No characters between consecufive value separators, or
3) No characters before the first value separator in the first record read by each execution of a
list-directed input statement.
Note fthat the end of a record“following any other value separator, with or without separpting blanks,

does
item.

single

A sl

hot specify a null value” A null value has no effect on the definition status of the

nuil value may fepresent an entire complex constant.

h encountered as a value separator during execution of a list-directed input stat

termiifation of “execution of that input statement after the assignment of the previous

chara
effect

as thd

‘ters remaining in the current record are ignored. If there are additional items in the
is as.if null values had been supplied for them. Any implied-DO variable in the input
ugh’enough null values had been supplied for any remaining input list items.

A null value must™not be used for either the real or imaginary part of a complex co

hext effective
nstant, but a

bment  causes
value. Any
nput list, the
list is defined

Note that all blanks in a list-directed input record are considered to be part of some value separator
except for the following:

(1) Blanks embedded in a character constant
(2)

(3)

Embedded blanks surrounding the real or imaginary part of a complex constant

unless immediately followed by a slash or comma

Leading blanks in the first record read by each execution of a list-directed input statement,
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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,6G

The input data records are:

12345,12345,,
ISN'T_BOB'S, (

The results are:

2%1.5,4%
123,0), .TEXASS

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 lList-dirgcted output

The form of the
the exception of
blanks or by a
more blanks.

f adjacent nondelimited character constants, the values are separated by one or m
comma optionally preceded by one of more blanks and optionally followed by one

values produced is the same as that requiredfor input, except as noted otherwise. Wjith

pre
or

The processor fnay begin new records as necessary, but, except for complex constants and charagter

constants, the e
constant.

Logical output ¢
Integer output ¢

Real constants

onstants are T for théiwvalue true and F for the value false.
pnstants are produced with the effect of an Iw edit descriptor.

are produced with the effect of either an F edit descriptor or an E edit descript

depending on tH

dependent integers. If\theé magnitude x is within this range, the constant is produced using OPFwj

otherwise, 1PE

.dEe"is\used.

e magnitude-x of the value and a range 109 < x < 10%2, where d 1 and d, are processpr-

nd of a record must not occur within a constant and blanks must not appear within a

por,

d;

the

For numeric oytput, reasonable processor-dependent values of w, d, and e are used for each of

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

delim

ited 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
contiguous quotes.

Charaq
are de
and fq
medium by two contiguous apostrophes.

. ed 2B specifie a—value AROSTROPHE

imited by apostrophes, possibly are preceded by a kind-param and an underscore, 3
llowed by a value separator, and have each internal apostrophe represented)on |the external

If two|or more successive values in an output record have identical values, the(processor has the option

of proglucing a repeated constant of the form r*c instead of the sequence of identical values.

Slashe$, as value separators, and null values are not produced as output by list-directed formatting.

Except|for continuation of delimited character constants, each output record begins with a blank character

to proyide carriage control when the record is printed.

10.9

Namelist formatting

The cHaracters in one or more namelist records constitute a sequence of name-value subsequences, each of
which [consists of an object name or a subobject designator followed by an equals and follow¢d by one or

more

chara
is wit

The ngme may be any name in the namelist-group-object-list (5.4).

Each

values and value separators. The equals may,optionally be preceded or followed by pne or more

cter constant. Any sequence of two or miore consecutive blanks is treated as a single blank, unless it
in a character constant.

contiglEous blanks. The end of a record has the\same effect as a blank character, unless it is within a

vialue is either a null value (20.9:1.4) or one of the forms:

[
rpEc
rpk

where [c is a literal €onstant and r is an unsigned, nonzero, integer literal constant with rlo kind type
paramgter specified.~ The r*c form is equivalent to r successive appearances of the constant d, and the r*

form

except(wherespermitted within the constant c.

A valye Séparator for namelist formatting is the same as for list-directed formatting (10.8).

i equivalent to r successive null values. Neither of these forms may contain embedded blanks,

10.9.1 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 namelist
input statement,

(3) One or more blanks,

(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 input data, each name must correspond to a specific namelist group object name. Subscripts,
strides, and substring range expressions used to qualify group object names must be optionally signed
integer literal cqnstants 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 subobject| of
that array, using the syntax of subobject designators (R602). If the namelist group object name is the
name of a variaple of derived type, the name in the input record may be either the name of the variaple
or the designajor of one of its components, indicated by qualifying the variable ®vame with the
appropriate conpponent name. Successive qualifications may be applied as appropriate to the shape gnd
type of the variable represented.

The order of ngmes in the input records need not match the order of the namelist group object items.
The input recotds need not contain all the names of the namelist group object items. The definitjon
status of any nlames from the namelist-group-object-list that do not occur in the input record remafins
unchanged. The name in the input record may be preceded and followed by one or more optional blanks

but must not contain embedded blanks.

10.9.1.2 Namglist input values

The datum c i any input value acceptable to format specifications for a given type, except for a
restriction on tHe form of input values corresponding to list items of types logical and integer as speciffed
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 numper and forms of the input values thatFhay follow the equals in a name-value subsequefce
depend on the shape and type of the object represented by the name in the input record. When the name
in the input redord is that of a scalar variable of an intrinsic type, the equals must not be followed|by
more than onel value. Blanks are never-used as zeros, and embedded blanks are not permitted| in
constants excep} within character constantsjand complex constants as specified in 10.9.1.3.

The name-valug subsequences are evaluated serially, in left-to-right order. A namelist group object ngme
or subobject degignator may appear )in more than one name-value sequence.

When the nam¢| in the input record represents an array variable or a variable of derived type, the effeqt is
as if the variable 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 must 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 equal$ must not exceed the number of list items in the expanded sequence, but may be l¢ss;
in the latter case, the effect is as if sufficient null values had been appended to match any remaining list
items in the expanded sequence. For example, if the name in the input record is the name of an integer
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
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 of the input value must not linflude slashes,
blank§, or commas among the optional characters permitted for L editing (10.5.2).

When|the next effective item is of type integer, the value in the input record is interpreted as|if an lw edit
descriptor with a suitable value of w were used.

When

the next effective item is of type character, the input form consists of-a character litera

the sa
recor

e kind as the corresponding list item. Character constants may bé,centinued from th
to the beginning of the next record, but the end of record must 'not occur betwee

apostijophe in an apostrophe-delimited constant, nor between a deubled quote in a qu
constgnt. The end of the record does not cause a blank or any other character to becom
constgnt. The constant may be continued on as many records as) needed. The characters bl
and slash may appear in character constants.

| constant of
e end of one
n a doubled
ote-delimited
e part of the
hnk, comma,

Let lemt be the length of the next effective item, and let w"be the length of the character constrnt. If len is
less than or equal to w, the leftmost len characters, of the constant are transmitted to the pext effective
item. |If len is greater than w, the constant is transmitted to the leftmost w characters of the hext effective
item gnd the remaining len — w characters of the next effective item are filled with blanks. Note that the
effect|is as though the constant were assignied to the next effective item in a character assignment
statement (7.5.1.4).
10.9.1.4 Null values
A nul| 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, gr

4) Two ¢onsecutive nonblank value separators.
A null value-has no effect on the definition status of the corresponding input list item. If|the namelist
group| object list item is defined, it retains its previous value; if it is undefined, it remains yndefined. A

null vialue/must not be used as either the real or imaginary part of a complex constant, but|a single null
value may represent an entire complex constant,

Note that the end of a record following a value separator, with or without intervening blanks, 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 data records are:

&TODAY I = 1 7 = , =5,
P ="ISN'T_BOB'S", Z = (123,0)/
The results stored 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 Nameljst output

The form of the output produced is the same as that’required for input, except for the forms of r
character, and logical constants. If the processor, is capable of representing letters in both upper a
lower case, the| name in the output is in upper case. With the exception of adjacent nondelimit
character constants, the values are separated(by one or more blanks or by a comma optionally preced
by one or more planks and optionally followed by one or more blanks.

1,
d
ed
ed

The processor may begin new records as necessary. However, except for complex constants and

character constants, the end of a récord must not occur within a constant or a name, and blanks must 1
appear within a fconstant or a name.

10.9.2.1 Namelist output-editing
Logical output cpnstantstare T for the value true and F for the value false.

Integer output cpnstants are produced with the effect of an Iw edit descriptor.

ot

Real constants are produced with the effect of either an F ed;t descriptord or an E edit descriptor,
depending on the magnitude x of the value and a range 10 ' < x < 10°°, where d; 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)
2)
3)

Chara
delimi
follow]
contig

Chara
are de
and f

mediu

10.9.2

If two

processor has the option of producing a repeated constant of the form r*c instead of the

identig

The nd
a list g

An anppersand character followed immediately by a namelist-group-name will be produced

forma

outpuf.

A null

Except]
to pro

Are not delimited by apostrophes or quotation marks,

Are not separated from each other by value separators,

quotation mark, and

record that begins with the continuation of a character constant from the preceding

rter constants produced for a file opened with a DELIM = specifier with a value of
ed by quotes, possibly are preceded by a kind-param and an underscoré,. are
ed by a value separator, and have each internal quote represented on the external me
hlous quotes.

Cter constants produced for a file opened with a DELIM = specifiercwith a value of AP
limited by apostrophes, possibly are preceded by a kind-param. and an underscore,
llowed by a value separator, and have each internal apostrophe represented on
m by two contiguous apostrophes.

.2 Namelist output records

or more successive values in an array in an output record produced have identica

al values.

me of each namelist group object list itemiis placed in the output record followed by a
t values of the namelist group object list'item.

ting at the start of the first output record to indicate which specific group of data ob
A slash is produced by namelist formatting to indicate the end of the namelist forma

value is not produced by.namelist formatting.

vide carriage control) when the record is printed.

Have each internal apostrophe or quotation mark represented externally by one apostrophe or

4) Have a blank character inserted by the processor for carriage control at the beginning of any

record.

QUOTE are
eceded and

r
rliium by two

OSTROPHE

pre preceded

the external

values, the
sequence of

n equals and

by namelist
ects is being
ting.

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 prII:_gram

A main program is a program unit that does not contain a SUBROUTINE, FUNCTION, MODULE, | or
BLOCK DATA |statement as its first statement.

R1101 main-program is [ program-stmt |

[ specification-part |

[ execution-part |

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

R1102 prograrp-stmt is PROGRAM program-name
R1103 end-prdgram-stmt is END [ PROGRAM [ program-name-] |

Constraint: In|a main-program, the execution-part must not contain-a‘RETURN statement or an ENTRY
statement.

Constraint: The program-name may be included in the end-program-stmt only if the optional progrgm-
stint is used and, if included, must be identical to the program-name specified in the
program-stmt.

Constraint: Ah automatic object must not appear incthe specification-part (R204) of a main program.

The program nhme is global to the executable program, and must not be the same as the name of gny
other program [unit, external procedure, or common block in the executable program, nor the same as
any local name(in the main program.

An example of 4 main program is:

PROGRAM ANALYSE

REAL A, B/ C (10,100 L’ Specification part

CALL FIND |  Execution part
CONTAINS

SUBROUTINE FIND | Internal procedure

END SUBROUTINE_FIND
END PROGRAM ANALYSE

11.1.1 Main program specifications

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
procedures.

11.2 External subprograms

Exterrjal subprograms are described in Section 12.

11.3 Modules

A module contains specifications and definitions that are to be accessible to ‘other program units.
R1104] module is module-stmt

[ specification-part |

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

R1105| module-stmt is MODULE module-name

R1106] end-module-stmt is END [ MODULE | module-name | ]

Constlaint: If the module-name is specified in the end-module-stmt, it must be identical to| the module-
name specified in the module-stmt:

Constraint: A module specification-part. miist not contain a stmt-function-stmt, an entry-stmt, or a
format-stmt.

Constfaint: An automatic object must-not appear in the specification-part (R204) of a module.

The module name is global to, theexecutable program, and must not be the same as the hame of any
other program unit, external procedure, or common block in the executable program, nor bg the same as
any lqcal name in the module.

Note that although statement function definitions, ENTRY statements, and FORMAT statemgnts must not
appeal in the specification part of a module, they may appear in the specification part pf a module
subprogram contained in the module.

Note fthat a ‘module is host to any module procedures (12.1.2.2) it contains, and that entities in the
module aré therefore accessible in the module procedures through host association.

11.3.1 "Module reference

A USE statement specifying a module name is a module reference. At the time a module reference is
processed, the public portions of the specified module must be available. A module must not reference
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-stmt

is USE module-name [ , rename-list
or USE module-name , ONLY : [ only-list }

R1108 rename

R1109 only
Constraint: E
Constraint: E

If a local-name
use-name; other

The USE stater

module.

A USE statemer
use-names in th

More than one

is local-name = > use-name

is access-id
or [ local-name = > | use-name

h access-id must be a public entity in the module.
h use-name must be the name of a public entity in the module.

appears in a rename-list or an only-list, it is the local name for\ the entity specified
wise, the local name is the use-name.

hent without the ONLY option provides access to all public entities in the specif]

t with the ONLY option provides access only to these.entities that appear as access-ids
p only-list.

USE statement for a given module may appear in a scoping unit. If one of the U

statements is w.

hout an ONLY qualifier, all public entities~in’ the module are accessible and the renan

lists and only-lists are interpreted as a single concatenated rename-list. If all the USE statements h:
ONLY qualifiers, only those entities named in one or@nore of the only-lists are accessible, that is, all

only-lists are in

If two or more
operator, or ar|
accessible entitig
by this name in|
by a USE state
through USE st
name.

The local name
statement that ¥
contains the US
unit of a mod

rpreted as a single concatenated only-list.

generic interfaces that are accessible in a scoping unit have the same name, the sa
e both assignments, they .afe interpreted as a single generic interface. Two or m
s, other than generic intérfaces, may have the same name only if no entity is referen
the scoping unit. Except for these cases, the local name of any entity given accessibil
ent must differ from*the local names of all other entities accessible to the scoping u
tements and otherwise. Note that an entity may be accessed by more than one lo

of an entity"made accessible by a USE statement may appear in no other specificat
vould cause any attribute (5.1.2) of the entity to be respecified in the scoping unit t
E statement, except that it may appear in a PUBLIC or PRIVATE statement in the scop
ulel, Note that this prohibits the local name from appearing in COMMON

9

by

jed

or

SE
he-
jve

he

me

bre
red
ity
nit
cal

on
hat
ng
nd

EQUIVALENC

specifications, but permits the appearance of Tocal Tames im namelist group tists:

"he

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 PRIVATE statement, it assumes the default accessibility attribute (5.2.3) of that scoping unit.

Examples:

USE STATS_LIB

provides access

158

to all public entities in the module STATS_LIB.


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

ISO/IEC 1539 : 1991 (E)

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

11.3.3.1 Identical common blocks

A common block and all its associated specification statements may be placeddn_a module|named, for
example, MY_COMMON and accessed by a USE statement of the form

USE MY__COMMON

that adcesses the whole module without any renaming. This ensures_that all instances of the common
block dre 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:

MODULE DATA_MODULE
SAYE
REAL A (10), B, C (20,20
INTEGER :: 1=0
INTEGER, PARAMETER :: J=10
COMPLEX D (J,J)

END MODULE

Note that data objects made global:ir this manner may have any combination of data types.
Access|to some of these may, be,made by a USE statement with the ONLY option, such as:
USE DATA_MODULE, ONLY:A, B, D

and acfess to all of them’may be made by the following USE statement:

USE DATA_MODULE

Access|to all-ofsthem with some renaming to avoid name conflicts may be made by:

USE DATAZMODULE, 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
CALL COMPUTE

| Perform the appropriate allocations
I Use the arrays in computations

END PROGRAM GLOBAL_WORK

MODULE WORK_
INTEGER
REAL, ALL

END MODULE

SUBROUTINE C
USE WORK_
READ (x,
ALLOCATE

END SUBROUTI

SUBROUTINE C
USE WORK..
... V1 C

END SUBROUTI

Typically, man

the statement

USE WORK_ARR

11.3.3.5 Procedure libraries

Interface blocks
of argument ke
versions may
application. A

MODULE LIBRARY_LLS

INTERFACE
SUBROU
REA

RRAYS I An example set of work arrays

CATABLE, SAVE ::
RK_ARRAYS

A(D),B (, ), C(:, )

-
.

FIGURE_ARRAYS
RRAYS

) N

AN, B, ND, C(N, N, 2 *N))
E CONFIGURE_ARRAYS

| Process to set up work arrays

mputations involving arrays A, B, and (C
E COMPUTE

y subprograms need access to the work .arrays, and all such subprograms would confain

AYS
for external procedures in_a library may be gathered into a module. This permits the [use
ywords and optionaltarguments, and allows static checking of the references. Diffegent

be constructed for|\different applications, using keywords in common use in epch
h example is the(following library module:

[INE LLS (X, A, F, FLAG)

T

Ee S1ZE in the next statement is an intrinsic function
REAL, Wlde (X, 2)) 27 A, F

L X (9, )

INTEGER FLAG
END SUBROUTINE LLS

END INTERFACE

END MODULE LIBRARY_LLS
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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

specifying that operator symbol in the OPERATOR option of the INTERFACE statement m

ay be placed

in a module. For example, // may be extended to perform concatenation of two derived-type objects

servin,
MATRIX or interval arithmetic addition for type INTERVAL.

A module might contain several such interface blocks. An operator may be defined by

ifion for type

an external

functipn (either in Fortran or some other language) and its procedure interface placédyin the module.

11.3.3]7 Data abstraction

A moflule may encapsulate a derived-type definition and all the procedurés that represent g
valued of this type. An example is given in C.11.5 for set operations.

11.3.3|8 Public entities renamed

inhes it may be necessary to rename entities that are aceessed with USE statements. (

REAL KZ I KZ is local name to module K
RHAL JZ I JZ is local, name to module K
END DULE

! [Module J's ent1ty JX is accessible under names JX and KX

| [Module J's entity JY is accessible under names JY and KY

I [Modute K!s'entity KZ is accessible under name KZ

| [Modute (J%s entity JZ and K's entity JZ are different entities
I land .must not be referenced

perations on

[are must be

END RROGRAM RENAME

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 ] |
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Constraint:

Constraint:

Constraint:

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.

If an object in a|lnamed common block is initially defined, all objects having storage units in the commpn
block storage sefjuence must be specified even if they are not all initially defined. More than one Hamed
common block thay have objects initially defined in a single block data program unit.

Only a nonpoinfter object in a named common block may be initially defined in a block ‘data program

unit. Note that objects associated with an object in a common block are consideréd <to be in that
common block.

The same namedl common block must not be specified in more than one block data’program unit in jan

executable program.
There must not pe more than one unnamed block data program unit in an executable program.

An example of 4 block data program unit is:

BLOCK DATA WORK
COMMON /WRKCOM/ A, B, C (10, 10
DATA A /1.p/, 8 /2.0/, C /100 = 0.0/
END BLOCK 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 Procedureclassifications——

A prodedure is classified according to the form of its reference and the way it is defined.

12.1.1 |Procedure classification by reference

The d¢finition of a procedure specifies it to be a function or a subroutine. rA-reference t¢ a function
either hppears explicitly as a primary within an expression, or is implied by @ defined operatipn within an
expresgion. A reference to a subroutine is a CALL statement or a defined @ssignment statement (7.5.1.3).

A progedure is classified as elemental if it is an intrinsic procedure-that may be referenced| elementally
(12.4.3, 12.4.5).
12.1.2 [Procedure classification by means of definition

A progedure is either an intrinsic procedure, an external procedure, a module procedure,| an internal
procedure, a dummy procedure, or a statement function,

12.1.2.] Intrinsic procedures

A prodedure that is provided as an inherent part of the processor is an intrinsic procedure.

12.1.2.2 External, internal, and module procedures

An exImal procedure is a procedure;that is defined by an external subprogram or by a mear{s other than
Fortran.

An intprnal procedure is a procedure that is defined by an internal subprogram. Internal profedures may
appear| in the main program,'in an external subprogram, or in a module subprogram. Interndl procedures
must fot appear in other”internal procedures. Internal procedures are the same as external procedures
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 assocfated with a
dummy procedure (12.4.1.2), and the internal procedure has access to host entities by host asgociation.

A module procedure is a procedure that is defined by a module subprogram.

statement 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

(1) 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) An object-name in an entity-decl in a type-declaration-stmt, in a pointer-stmt, in a save-stmt,
or in a target-stmt;

(6) A named-constant in a named-constant-def in a parameter-stmt;

(7)  An grray-name in an allocatable-stmt or in a dimension-stmt;

(8) A vdriable-name in a common-block-object in a common-stmt;

(9) The hame of a variable that is wholly or partially initialized in a data-stmt;

(10) The hame 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 ar_entry-stmt, or in a stpnt-
function-stmt;

(12) A repult-name in a function-stmt or in an entry-stmt;
(13) An intrinsic-procedure-name in an intrinsic-stmt;

(14) A ngmelist-group-name in a namelist-stmt; or

(15) A gdneric-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 that ard local (14.1.2) to a procedure are not a¢eessible to its host.

If a host entity is inaccessible only because a local entity with the same name is wholly or partially

initialized in a [DATA statement, the local entity"must not be referenced or defined prior to the DA[TA
statement.

Note that an ifterface body does not access the named entities by host association, but it may ac¢ess
entities by use association (11.3.2).

If a procedure gains access to a-pointer by host association, the association of the pointer with a tafget
that is current jat the time the procedure is invoked remains current within the procedure. This poifter
association maly be changed within the procedure. When execution of the procedure completes, |the
pointer associafion that'was current remains current, except where the completion causes the targe{ to
become undefirled (item>(4) of 14.7.6). In these cases, the completion of the procedure causes the pointer
association staths of.the host associated pointer to become undefined.

12.1.2.2.2 Host association and use association

A host procedure and an internal procedure may contain the same and differing use-associated entities, as
illustrated in the following example.

MODULE B; REAL BX, Q; INTEGER IX, JX; END MODULE
MODULE C; REAL CX; END MODULE

MODULE D; REAL DX, DY, DZ; END MODULE

MODULE E; REAL EX, EY, EZ; END MODULE

MODULE F; REAL FX; END MODULE

MODULE G; 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

!
!
|
!
!
!
USE D, X =>"DX— I Entities accessible are DX, DY, and DZ
!
!
|
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 INNER.PROC

USE E, ONLY: EX

USE G

END SUBROUTINE INNER_PROC
END PROGRAM A

Note:| Because program A contains the statement
USE B

all of[the entities in module B, except for Q, are accessible in INNER_PROC, even though INNER_PROC
contaLns the statement

USE B, ONLY: BX

The USE statement with the ONLY keyword means that this particular statement brings in oply the entity
namefl, not that this is the only variableyfrom the module accessible in this scoping unit.

12.1.2.3 Dummy procedures

A dummy argument that is -specified as a procedure or appears in a procedure reference|is a dummy
procefure.

12.1.4.4 Statement'functions

A fur|ction that 4s.defined by a single statement is a statement function (12.5.4).

12.2 | Characteristics of procedures

The haracteristicsof a ?rnror‘nro are the classification of the Prnrnr‘nro as 3 function-or st broutine, the

characteristics 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 as
a procedure if the interface is explicit, and whether it is optional (5.1.2.6, 5.2.2).

12.2.1.3 Charqcteristics of asterisk dummy arguments

An asterisk as a duthmy argument has no characteristics.

12.2.2 Charagteristics of function results

The characteristics of a function result are its type, type parameters (if any), rank,(and whether it i

pointer. If a f
parameter or bg
expression is a g

12.3 Proced

The interface o
interface consis
characteristics

characteristics of
units.

12.3.1 Implicit

If a procedure i
The interface of|
a scoping unit.

The interface o
own if an inter
For example, th

12.3.1.1 Explic

A procedure muy

ction result is an array that is not a pointer, its shape is a charactéristic. Where a ty
und of an array is not a constant expression, the exact dependénce on the entities in
haracteristic. If the length of a character data object is assumed) this is a characteristic

ure interface

a procedure determines the forms of reference through which it may be invoked. T
s of the characteristics of the procedure, the ‘name of the procedure, the name 3
bf each dummy argument, and the procedure’s generic identifiers, if any. T
f a procedure are fixed, but the remainder of the interface may differ in different scop

and explicit interfaces

accessible in a scoping unit, its-interface is either explicit or implicit in that scoping u
an internal procedure, module procedure, or intrinsic procedure is always explicit in s
The interface of a recursive subroutine or a recursive function with a separate result n

an external procédure or dummy procedure is explicit in a scoping unit other than
ace block (12.3(2)1) for the procedure is supplied or accessible, and implicit otherw
e subroutine LLS of 11.3.3.5 has an explicit interface.

t interface

st have an explicit interface if any of the following is true:

(1) A ref
(a)
(b)
(0
(d)
(2)

(a)
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erence—to-theprocedure-appears:
With an argument keyword (12.4.1)

As a defined assignment (subroutines only)
In an expression as a defined operator (functions only)

As a reference by its generic name (12.3.2.1)

The procedure has:

An optional dummy argument
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(b) An array-valued result (functions only)
(c) A dummy argument that is an assumed-shape array, a pointer, or a target

(d) A result whose length type parameter value is neither assumed nor constant (character
functions only)

(e) A result that is a pointer (functions only)

12.3.2 Specification of the procedure interface

The interface for an internal, external, module, or dummy procedure is specified by a FUNCTION,
SUBROUTINE, or ENTRY statement and by specification statements for the dummy arguments and the
result TUnCtion. ition, block, or in
both dxcept that the ENTRY statement must not appear in an interface block. Note ‘that internal
procedures must not appear in an interface block.

12.3.21 Procedure interface block

R1201 | interface-block is interface-stmt

[ interface-body | ...

[ module-procedure-stmt | ...
end-interface-stmt

R1202 | interface-stmt is INTERFACE [ generic-spéc ]
R1203 | end-interface-stmt is END INTERFACE
R1204 | interface-body is function-stmt

[ specification-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
or OPERATOR ( defined-operator )
or ASSIGNMENT ( =)

Constrpint: An interfacesbody must not contain an entry-stmt, data-stmt, format-stmft, or stmt-
function-gtmt.

Constrpint: The MODULE PROCEDURE specification is allowed only if the interface-block has a
genetic-spec and has a host that is a module or accesses a module by use assogiation; each
procedure-name must be the name of a module procedure that is accessible in the host.

Constrint:"~An interface-block must not appear in a BLOCK DATA program unit.

Constraint —An inferface-block 1M a SUDPTOZram st ot contain an interfate=body for-a procedure
defined by that subprogram.

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
interface.
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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

INTERFACE

SUBROUTIN
REAL,

an interface block without a generic specification is:

EMTA ¢\ 23

EXTH—6— 2
IMENSION (100, 100) ::

X, Y, ¢

END SUBROUTINE EXT1

SUBROUTINE EXT2 (X, 2)

REAL X
COMPL
END SUBR

FUNCTION
LOGIC
INTEG
LOGIC

END FUNCT

END INTERFAC

This interface
Any of these

EXT3 (@ = P_

An interface b
the interface H
PROCEDURE
USE statement
interface block
explicit.

A procedure a
interface, if it

(KIND = 4) Z (2000)
TINE EXT2

XT3 (P, @
L EXT3

P (1000)
L Q (1000)
ION EXT3

E

block specifies explicit interfaces for the three external procedures EXT1, EXT2, and EX
ocedures may use keyword calls; for example:

ASK (N+1 : N+1000), P = ACTUAL-P)

ock with a generic specification ‘specifies a generic interface for each of the procedurd
lock. If the host is a modtle or accesses a module by use association, the MOD
specification lists those module procedures, either defined in that module or accessible v
that have this generic interface. The characteristics of module procedures are not givel
5, but are assumed from the module subprogram definitions. A generic interface is alw

ways may be referenced via its specific interface. It also may be referenced via its gen
has one. The-generic name, defined operator, or equals symbol in a generic specificatid

a generic idenflifier for.'all the procedures in the interface block. The rules on how any two proced

with the sam
invocation app

e genieric identifier must differ are given in 14.1.2.3. They ensure that any ger

lies'to at most one specific procedure.

T3.

S in
JLE
ia a
n in
rays

eric
n is
ures
eric

A generic name specifies a single name to reference all of the procedure names in the interface block. A
generic name may be the same as any one of the procedure names in the interface block, or the same as

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

Any of these three subroutines (INT_SWITCH, REAL_SWITCH, COMPLEX_SWITCH) may be

referenced with the generic name SWITCH, as well as by its specific name. For example

a reference to

INT_S
CALL

PWITCH could take the form:
SWITCH (MAX_VAL, LOC_VAL) ! MAX_VAL and LOC_VAL are of type INTEGER

12.3.2
If OP|

.1.1 Defined operations

ERATOR is specified in a generic specification, all of the procedures specified in the if
must [pe functions that may be referenced as defined operations (12.4). /In-the case of fun
argunjents, infix binary operator notation is implied. In the case of functions of one arg
operalor notation is implied. OPERATOR must not be specified for\functions with no arg
functipns with more than two arguments. The dummy arguments’must be nonoptional
objects and must be specified with INTENT (IN) and the function result must not have assur
lengtll. If the operator is an intrinsic-operator (R310), ,thé number of function argumsg
consigtent with the intrinsic uses of that operator.

A defjned operation is treated as a reference to the function. For a unary defined operation
corredponds to the function’s dummy argument;“for a binary operation, the left-h
corredponds to the first dummy argument of the(function and the right-hand operand corre
secondl argument.

An eample of the use of the OPERATOR generic specification is:
INTERFACE OPERATOR ( * )
NCTION BOOLEAN_AND (B1,~B2)
LOGICAL, INTENT (IN)-:: B1 (:), B2 (SIZE (B1))
LOGICAL :: BOOLEAN_AND (SIZE (B1))

END FUNCTION BOOLEAN_AND
END
This allows, fér example

SENSQR (4:N) * ACTION (1:N)

NTERFACE

terface block
rtions of two
ment, prefix
ments or for
dummy data
ned character
nts must be

the operand
and  operand
ponds to the

as an |alternative to the function call

I SENSOR and ACTION are
I of type LOGICAL

BOOLEAN_AND (SENSOR (1:N>, ACTION (1:N))

A given defined operator may, as with generic names, apply to more than one function, in
is generic in exact analogy to generic procedure names. For intrinsic operator symbols

which case it
, 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 ASYIGNMENT ( =)

SUBROUTINE BIT_TO_NUMERIC (N, 8)
, INTENT (OUT) :: N
, INTENT (IN) :: B (:)
END SUBROUTINE BIT_TO._NUMERIC

SUBROUTINE CHAR_TO_STRING (S, C)
USE STRING_MODULE I Contains definition of type STRING
TYPE (STRING), INTENT (OUT) :: S ! A variable-length string
CHARACTER (*), INTENT (IN) :: C

END SUBROUTINE CHAR_TO_STRING

END INTERFAC
Example assignments are:

KOUNT = SENSQR (J:K) ! CALL BIT_TO_NUMERIC (KOUNT, (SENSOR (J:K)))
NOTE '89A8' I CALL CHAR_TO_STRING .(NOTE, ('89AB'))

12.3.2.2 EXTERNAL statement

An EXTERNAL statement specifies a list of names to have the EXTERNAL attribute. A name that has
the EXTERNAL attribute represents an external procedure, a dummy procedure, or a block data progfam
unit. Specifying an external procedure name or a dummy procedure name in an EXTERNAL statemlent
permits such a name to be used as an‘actual argument.

R1207 external-stmt is EXTERNAL external-name-list

Each external-name must be-the name of an external procedure, a dummy argument, or a block data
program unit. '

The appearancd of thezname of a dummy argument in an EXTERNAL statement specifies that the dummy

argument is a dummy/procedure.
The appearance I ent

specifies that 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)

EX

TERNAL FOCUS

12.3.2.3 INTRINSIC statement

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 permits
a name that represents a specific intrinsic function to be used as an actual argument.

R1208

intrinsic-stmt is INTRINSIC intrinsic-procedure-name-list

Constr

The af

. ) ol NP R 1 1 1 c . P 1
[alltl. Lacitiirarifisic=proteururesndrite Iust UT UHIC [dINT O alt HTULHIILIC PIoceduIce.

pearance of a name in an INTRINSIC statement confirms that the name is the nameé)of an intrinsic

procedure. The appearance of a generic intrinsic function name (13.10) in an INTRINSIC stdtement does

not ca

If the

Only gne appearance of a name in all of the INTRINSIC statements.in_a scoping unit is per

that a
unit.

12.3.244 Implicit interface specification

In a 5
functig
param
interfa
charac

124
The fo

the means by which the procedure is defined. The forms of procedure references are:

R1209
Constra
R1210
A fung

defined assignment.

ise that name to lose its generic property.

name must not appear in both an EXTERNAL and an INTRINSIC statement in the

coping unit where the interface of a function ds)implicit, the type and type param
n result are specified by implicit or explicit type specification of the function name. TH
eters, and shape of dummy arguments of\a‘procedure referenced from a scoping un
te of the procedure is implicit must be such that the actual arguments are consistg
eristics of the dummy arguments.

Procedure reference

rm of a procedure reference’is dependent on the interface of the procedure, but is ing

function-reference is function-name ( [ actual-arg-spec-list |)
nt: The actugl-arg-spec-list for a function reference must not contain an alt-return-spec.
call-stmt is CALL subroutine-name | ( [ actual-arg-spec-list | ) |

tion may-be referenced also as a defined operation and a subroutine may be referenc

specific name (13.12) of an intrinsic function is used as an actual argument, the namel must either
appear| in an INTRINSIC statement or be given the intrinsic attribute in a(type declaration
the scqping unit.

statement in

itted. Note
me scoping

eters of the

e type, type
t where the
nt with the

ependent of

ed also as a

124.1
R1211
R1212
R1213

R1214

Actual argument list

actual-arg-spec is [ keyword = ] actual-arg
keyword is dummy-arg-name
actual-arg is expr

or variable

or procedure-name

or alt-return-spec
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
sa‘[ne scoping unit as the call-stmt.

In either a sfbroutine reference or a function reference, the actual argument list identifiés |the
correspondence| between the actual arguments supplied and the dummy arguments of the protedure.| In
the absence of|a keyword, an actual argument is associated with the dummy argument_oceupying [the
corresponding position in the dummy argument list; that is, the first actual argument is-associated with
the first dummly 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 as th¢ keyword (using the dummy argument names from the interface ‘accessible in the scoping
unit containing the procedure reference). Exactly one actual argument must_be associated with dach
nonoptional dgmmy argument. At most one actual argument may be associated with each optignal
dummy argumpnt. Each actual argument must be associated with a dummy argument. For example,|the
procedure

SUBROUTINE
INTERFAC
FUNCTION FUNCT (X)
REAL FUNCT, X
END FUNCTION FUNCT
END INTERFACE

LVE (FUNCT, SOLUTION, METHOD, STRATEGY, PRINT)

INTEGER,

PTIONAL :: METHOD, STRATEGY., PRINT

may be invoked with
CALL SOLVE (FUN, SOL, PRINT =.6)

providing its ifterface 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 associated with dummy data objects

If a dummy afgument'is a dummy data object, the associated actual argument must be an expressio
the same type lor a-data object of the same type. The kind type parameter value of the actual argu
must agree wi Yy ;

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 the same target. The association status may change during the execution of the
procedure. When execution of the procedure completes, the pointer association status of the dummy
i it i f that has the
the pointer

ET attribute or with a target that becomes undefined (14.7.6); following this;
fation status of the actual argument becomes that of the dummy argument.

not become
but remain
any pointer

actual argument has the TARGET attribute, any pointers associated with' it do
ted with the corresponding dummy argument on invocation of thé~procedure,
fated with the actual argument. If the dummy argument has the TARGET attribute
ted with it becomes undefined when execution of the procedure completes.

If thel actual argument is scalar, the corresponding dummy argument,\\must be scalar unlé
argungent is an element of an array that is not an assumed-shape or-pointer array, or a subs
an element. If the procedure is referenced by a generic name or as a defined operatd
assignment, the ranks of the actual arguments and corresponding"-dummy arguments must ag

If a dummy argument has INTENT (OUT) or INTENT (INOUT), the actual argument must
If a dummy argument has INTENT (OUT), the corresponding actual argument becomes ung
time the association is established.

If the|actual argument is an array section having@vector subscript, the dummy argument is
and must not have INTENT (OUT) or INTENT (INOUT).

If a dummy argument is an assumed-shape-array, the actual argument must not be an assun
or a spalar (including an array element designator or an array element substring designator).

A sca

ar dummy argument may be associated only with a scalar actual argument.

12.4.1
Ifad

an ex
listed
specif

If the

must

2 Arguments associated with dummy procedures

immy argument is-a ‘dummy procedure, the associated actual argument must be the spg
ernal, module, dummy, or intrinsic procedure. The only intrinsic procedures permit]
in 13.12 and ‘not marked with a bullet (o).
c procedur€is associated with the dummy argument.

be the same as the characteristics of the dummy procedure (12.2).

ss the actual
tring of such
r or defined
Fee,

be definable.
efined at the

not definable

ed-size array

cific name of
ted are those

If the specific name is also a generic name, only the

interface-of the dummy procedure is explicit, the characteristics of the associated actgial procedure

If the| interface of the dummy procedure is implici
explicitly typed or the procedure is referenced as a function, the dummy procedure must not
as a subroutine and the actual argument must be a function or dummy procedure.

procedure is
be referenced

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 of the actual argument and continuing to the end of the array. The character
storage units of an array element substring designator are viewed as array elements consisting of

consecutive grotﬁps of character sEorage units liavmg the character lengtli of the dummy array. Note t

some of the eler
original array.

An actual argument that represents an element sequence and corresponds to a dummy argument ‘that is

array-valued da
explicit-shape of
rank and shape
exceed the num
is assumed size,
element sequend

12.4.2 Functio

A function is ifvoked during expression evaluation by a functionreference or by a defined operat

(7.1.3). When

associated, and

the function redult is available for use in the expression that caused the function to be invoked. T

characteristics o!

124.3 Elemen

A reference to 3
are arrays and
arguments and
scalar argument
arrays of shape

MAX (X, 0.0,
is an array expr

MAX (X (i

12.4.4 Subrou

hents in the element sequence may consist of storage units from different elements-of

fa object is sequence associated with the dummy argument if the dummy‘argument is
assumed-size array. The rank and shape of the actual argument need. not agree with

ber of elements in the element sequence of the actual argument. If\the dummy argum
the number of elements in the dummy argument is exactly the- number of elements in
.

n reference

it is invoked, all actual argument expressions“are evaluated, then the arguments
then the function is executed. When execution*of the function is complete, the value

F the function result (12.2.2) are determined by the interface of the function.

tal intrinsic function reference

n elemental intrinsic function\is an elemental reference if one or more actual argume
hll array arguments have-the ’same shape. The result has the same shape as the ari
he value of each element-in the result is obtained by evaluating the function using
5 and the corresponding ‘elements of the array arguments. For example, if X and Y
m, n),

Y)
pssion of shape (m, n) whose elements have values

D00 G ), i=12 ..mj=12 ..n

hat
he

an
an

he

of the dummy argument, but the number of elements in the dumnfy“argument must ot

PNt

he

on
hre
of

nts
ay
he

Are

line' reference

A subroutine 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 Procedure definition

12.5.1 rintrinsicprocedure—definition

Intrindic procedures are defined as an inherent part of the processor. A standard-conforming processor
must finclude the intrinsic procedures described in Section 13, but may include dthers. [However, a
standdrd-conforming program must not make use of intrinsic procedures other than those|described in
Sectioh 13.

12.5.2| Procedures defined by subprograms

When|a procedure defined by a subprogram is invoked, an instance (12)5.2.4) of the procedire is created
and ¢xecuted. Execution begins with the first executable cofstruct following the FUNCTION,
SUBRPUTINE, or ENTRY statement specifying the name of the procedure invoked or wijth the END
statemrent if there is no other executable construct.

12.5.2|]1 Effects of INTENT attribute on subprograms

The INTENT attribute of dummy data objects limits the way in which they may bp used in a
subprggram. A dummy data object having INTENT (IN) must not be defined or redefined by the
subprggram. A dummy data object having INTENT (OUT) is initially undefined in the subprogram. A
dummy data object with INTENT (INOUT)-may be referenced or be defined. A dummjy| data object
whose intent is not specified is subject to\the limitations of the data entity that is the assofciated actual
argument. That is, a reference to the dimmy data object may occur if the actual argument i defined and
the dymmy data object may be defined if the actual argument is definable.

12.5.212 Function subprogram

-

A funftion subprogram is<a-subprogram that has a FUNCTION statement as its first statement.

R1215| function-subprogram is function-stmt

[ specification-part |

[ execution-part |

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

R1216| “furiction-stmt is [ prefix | FUNCTION function-name B
W ([ dummy-arg-name-list | ) | RESULT { resulf-name ) |

Constraint: If RESULT is specified, the function-name must not appear in any 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 function subprogram. If the function result is array-valued or a pointer, this must be specified by

specifications of the name of the result variable within the function body. The specifications of

the

function result|attributes, the specification of dummy argument attributes, and the information jin
procedure heading collectively define the interface of the function (12.3).

the

The keyword [RECURSIVE must be present if the function directly or indirectly invokes' itself qr a

function defingd by an ENTRY statement in the same subprogram. Similarly, RECURSIVE mus
present if a fuhction defined by an ENTRY statement in the subprogram directly or jindirectly inv

{ be
kes

itself, another function defined by an ENTRY statement in that subprogram, or the function defined by

the FUNCTIO

statement.

The name of the function is function-name.

If RESULT is 4pecified, the name of the result variable of the function i résult-name, its characteri

tics

(12.2.2) are those of the function result, and all occurrences of the function name in execution-part
statements in fhe scoping unit are recursive function references. If"RESULT is not specified, the rgsult

variable is fungtion-name and all occurrences of the function ndme”in execution-part statements in

the

scoping unit age references to the result variable. The value of\the result variable at the completion of

execution of t
be a pointer,
variable when the execution of the function is completed.™ 1f the result variable is not a pointer, its v
must be defin

function is the value returned by the function"if the function result has been declared to
he shape of the value returned by the function is determined by the shape of the rdsult

hlue

by the function. If the function result has been declared a pointer, the function must

either associatqd a target with the result variable peinter or cause the association status of this pointef to

become defined as disassociated.

If both RECURSIVE and RESULT are specified, the interface of the function being defined is expllicit

within the fundtion subprogram.
An example of|a recursive function is;

RECURSIVE FUNCTION CUMM_SUM-CARRAY) RESULT (C_SUM)
REAL ARR (:), C_SUM (SIZE (ARRAY))
! The characteristics' of CUMM_SUM are those of C_SUM.
INTENT (IN) ARRAY
INTEGER
N = SIZE [(ARRAY)

_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.

is subroutine-stmt
[ specification-part |
| execution-part |
[ internal-subprogram-part |
end-subroutine-stmt

[ RECURSIVE ] SUBROUTINE subroutine-name Ml
B | ([ dummy-arg-list ]) ]

R1219 subroutine-subprogram

-

R1220 subroutine-stmt

R1221 dummy-arg 1s dummy-arg-name
or *
R1222] end-subroutine-stmt is END [ SUBROUTINE [ subroutine-name | |
Constfaint: SUBROUTINE must be present on the end-subroutine-stmt of ‘an” interna
subroutine.
Constfaint: An internal subroutine must not contain an ENTRY statement.
Constfaint: An internal subroutine must not contain an internal-subprogram-part.
Constraint: If a subroutine-name is present on the end-subroutiite-stmt, it must be ide
subroutine-name specified in the subroutine-stmt,
The Heyword RECURSIVE must be present if the subrogtine directly or indirectly invoks

subro
preser]
itself,

by thd

If REC
subpr

The n|

t if a subroutine defined by an ENTRY statement'in the subprogram directly or indir
another subroutine defined by an ENTRY statement in that subprogram, or the subro
SUBROUTINE statement.

CURSIVE is specified, the interface of the subroutine being defined is explicit within t}
bgram.

hme of the subroutine is subroutine-name.

12.5.2

When|
create

.4 Instances of a subprogram

d.

Each Instance has an independent sequence of execution and an independent set of dummy ar
local honsaved dafa-objects. If an internal procedure or statement function contained in the
is invioked direcfly from an instance of the subprogram or from an internal procedure

functipn that-has access to the entities of that instance, the created instance of that internal
statenent function also has access to the entities of that instance of the host subprogram.

or module

ntical to the

s itself or a

itine defined by an ENTRY statement in the same{subprogram. Similarly, RECURSIVE must be

ectly invokes
utine defined

le subroutine

a function or subroutine defined by a subprogram is invoked, an instance of that sybprogram is

guments and
subprogram
or statement
procedure or

All otheren stances of the subprogram. For example, the value ¢
object appearing in one instance may have been defined in a previous instance or by initi
DATA statement or type declaration statement.

ed-b n nece a h alatdate, a muple e_O

12.5.2.5 ENTRY statement

An ENTRY statement permits a procedure reference to begin with a particular executable stat
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 ) ] |

a saved data

alization in a

ement within
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scoping unit of the function program.

Constraint:

entry-stmt must not appear within an executable-construct.

Constraint:

Constraint:

RESULT may be present only if the entry-stmt is contained in a function subprogram.

If RESULT is specified, the entry-name must not appear in any specification statement in the

An entry-stmt may appear only in an external-subprogram or module-subprogram. An

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 subroutine

su

Constraint: If

Optionally, a siibprogram may have one or more ENTRY statements.

If the ENTRY s
subprogram. ]
name if no r
specifications o
ENTRY statems
the same as th
result variables
are storage ass
character with
default integer,

If RESULT is
statement, the
subprogram.

If the ENTRY statement is contained in a subroutine'$ubprogram, an additional subroutine is defined

that subprograr
are those specif

If RECURSIVE
ENTRY statemgq

The order, nun
statement may

arguments in the FUNCTIONwor-SUBROUTINE statement in the containing program.

Because an EN]
in the same ma

In a subprograr
an executable

progra:

RESULT is specified, result-name must not be the same as entry-name.

tatement is contained in a function subprogram, an additional function is/defined by 4
he name of the function is entry-name and its result variable is result-name or is en
sult-name is provided. The characteristics of the function result) are specified
f the result variable. The dummy arguments of the function aré\those specified on
nt. If the characteristics of the result of the function named on( the ENTRY statement

hat
ry-
by
the
are

b characteristics of the result of the function named on thes\FUNCTION statement, their

identify the same variable, although their names need not-be the same. Otherwise, t
ciated and must all be scalars without the POINTER attribute and all be of type defd
identical length or all be scalars without the POINTER attribute and one of the ty
default real, double precision real, default complex,“or default logical.

specified on the ENTRY statement and RECURSIVE is specified on the FUNCTI
nterface of the function defined by the ENFRY statement is explicit within the funct

h. The name of the subroutine is.entry-name. The dummy arguments of the subrou
ed on the ENTRY statement.

is specified on the SUBROUTINE statement, the interface of the subroutine defined by
nt is explicit within the subroutine subprogram.

hber, types, kind type'parameters, and names of the dummy arguments in an ENT]|
differ from the order, number, types, kind type parameters, and names of the dum

[RY staterhent defines an additional function or an additional subroutine, it is referen
ner as any other function or subroutine (12.4).

h, a'name that appears as a dummy argument in an ENTRY statement must not appeat

hey
ult

pes

DN

ion

by

ine

the

RY

my

ced

in
N,

statement preceding that ENTRY statement, unless it also appears in a FUNCTI(

SUBROUTINE,

or ENTRY statement that precedes the executable statement.

In a subprogram, a name that appears as a dummy argument in an ENTRY 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 absence of
RECURSIVE on the initial SUBROUTINE or FUNCTION statement controls whether the procedure

defined by an ENTRY Statement 1S permitted to Teference 1tselt.

12.5.2.6 RETURN statement

R1224 | return-stmt is RETURN [ scalar-int-expr ]

Constrhint: The return-stmt must be contained in the scoping unit of a function or| subroutine
subprogram.

Constraift: The scalar-int-expr is allowed only in the scoping unit of a subroutine subprogram.

Executfon of the RETURN statement completes execution of the instance of the subprogram

appears.

in which it

If the expression is present and has a value n between 1 and the number of asterisks in the dummy argument list, the

CALL sthtement that invoked the subroutine transfers control to the statement, identified by the nth alternate return

actual afgument list. If the expression is omitted or has a value outsidedhe ‘required range, there is no transfer o

alternate|return.

specifier in the

control to an

Execution of an end-function-stmt or end-subroutine-stmif is equivalent to executing a RETURN statement

with no gxpression.

125.2.7
R1225

CONTAINS statement
contains-stmt is CONTAINS

The CONTAINS statement separates the body of a main program, module, or subprogram from any

internaL
12.5.2.

or module subprograms it thay contain. The CONTAINS statement is not executable

Restrictions on dummy arguments not present

A dummy argument is present in an instance of a subprogram if it is associated with an actual argument

and the

actual argument kither is a dummy argument that is present in the invoking procedur

P or is not a

dummy argument_of-the invoking procedure. A dummy argument that is not optional mus{ be present.
An opfional dummy argument that is not present is subject to the following restrictions:

[fitis a dummy data object, it must not be referenced or be defined.

If it is a dummy procedure, it must not be invoked.

It must not be supplied as an actual argument corresponding to a nonoptional dummy

argument other than as the argument of the PRESENT intrinsic function.

A subobject of it must not be supplied as an actual argument corresponding to
dummy argument.

an optional

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:

(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)

COJTAINS
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

A Q) =1.0

without using B, but statements such as
B {1 =1.0

or
CAUL SET (B (1D, 1.0
wotld be allowed. Similarly,

DEALLOCATE (A)

wotild not be allowed because this affects the availability of A without using B. In this cas

DEALLOCATE~(B)

alsq would.not be permitted, but would be permitted if B were declared with the POIN

attrjbute;

wotld not be permitted during the executionvof INNER because this would be changing A

[

TER

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.

example, in

CALL SUB (A (1:5), A (3:9)

For

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 dummy

—argument.C (1:3) cannot be defined because it is part of the argument assaciated with the

first dummy argument. A (1:2) [which is B (1:2)] remains definable through the|first dummy
argument and A (6:9) [which is C (4:7)] remains definable through the second dummy
argument.

Note that since a dummy argument declared with an intent of IN cannob be used o change the
associated actual argument, the associated actual argument remains, Constant thfoughout the
execution of the procedure.

If any part of the entity is defined through the dummy argument, then at any time during the
execution of the procedure, either before or after the definition, it may be refprenced only
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 (V)
USE DATA

READ (%, *) V

END SUBROUTINE INIT

variable X must not be directly referenced at any time during the execution of INIT because it
is;being defined through the dummy argument V. X may be (indirectly) referenced through V.
W, Y, and Z may be directly referenced. X may, of course, be directly referenced once

ecatoH

12.5.3 Definition of procedures by means other than Fortran

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 made

arfay must have been declared as an array earlier in the scoping unit or made acce551ble

Pnt
by

us¢ or host association. If a scalar variable, array element, function reference, or-dummy

function reference is typed by the implicit typing rules, its appearance in anyysubsequ
type declaration statement must confirm this implied type and the values ofyany impl
type parameters.

THe function-name and each dummy-arg-name must be specified, explicitly or implicitly,
be|scalar data objects.

A lgiven dummy-arg-name may appear only once in any dummy-arg-name-list.

Eakh scalar variable reference in scalar-expr may be either a feference to a dummy argum
of |the statement function or a reference to a variable local to the same scoping unit as
stgtement function statement.

The definition of a statement function with the same name as, an accessible entity from the host must
preceded by the|declaration of its type in a type declaration statement.

The dummy arguments have a scope of the statement function statement. Each dummy argument has
same type and|type parameters as the entity of thelsame name in the scoping unit containing
statement functipn.

A statement funftion must not be supplied as a procedure argument.

The value of a

the actual arguments for the values of the dorresponding dummy arguments and, if necessary, convert
the result to the|declared type and type attributes of the function.

A function referpnce in the scalar expression must not cause a dummy argument of the statement funct
to become redefined or undefined.
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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

An intrinsic function is an inquiry function, an elemental function, or a transformational function. An

inquiry

value

is spec|

intrins
argum

Generi

of mof

of intr

If an imtrinsic function is used as an actual argument to a procedure -its_specific name must be

may b
have a

13.2

13.2.1

It a ge
result
result

must b

same
order,
scalar
that ex

13.2.2

An elg
argum
or all

remairj

(INOU

function is one whose result depends on the properties of its principal argument ot

f this argument; in fact, the argument value may be undefined. An elemental functio
fied for scalar arguments, but may be applied to array arguments as described in-13.
c functions are transformational functions; they almost all have one or 'more
bnts or an array-valued result.

k names of intrinsic functions are listed in 13.10. In most cases, generic functions accey
e than one type and the type of the result is the same as the type of the,arguments. Sp
nsic functions with corresponding generic names are listed in 13.12!

b

referenced in the called procedure only with scalar arguments. If an intrinsic funct
specific name, it must not be used as an actual argument (12.4.1.2).

Flemental intrinsic procedures

Elemental intrinsic function arguments and results

heric name or a specific name is used to,reference an elemental intrinsic function, the
s the same as the shape of the argumentiwith the greatest rank. If the arguments are a
s scalar. For those elemental intrinsic functions that have more than one argument, a
e conformable. In the array-vallied case, the values of the elements, if any, of the r
s would have been obtainedif the scalar-valued function had been applied separa
to corresponding elements\of each argument. An argument called KIND must be sy
integer initialization expression and must specify a representation method for the fu
ists on the processor.

Elemental intrinsic subroutine arguments

mental subroutine is one that is specified for scalar arguments, but may be appl
bnts. In(a reference to an elemental intrinsic subroutine, either all actual arguments md
INTENTE (OUT) and INTENT (INOUT) arguments must be arrays of the same sh
ing arguments must be conformable with them. In the case that the INTENT (OUT) 4

her than the
h is one that
D, All other
array-valued

t arguments
ecific names

used and it
on does not

shape of the
I scalar, the
] arguments
bsult are the
ely, in any
ecified as a
nction result

ed to array
st be scalar,
hpe and the

nd INTENT
as would be

T).arguments are arrays, the values of the elements, if any, of the results are the same

obtained if the subroutine with scalar arguments were applied separately, in any order, to corresponding
elements of each argument.

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 elemental functions INT, REAL, DBLE, and CMPLX perform type conversions. The elemental
functions AIMAG, CONIJG, AINT, ANINT, NINT, ABS, MOD, SIGN, DIM, DPROD, MODULO,

FLOOR, CEILING, IviA)\, andvVHN pcuruuu :imp}c TTOTITETIC Upcxaiiuu».

13.5.2 Mathematical functions

The elemental functions SQRT, EXP, LOG, LOG10, SIN, COS, TAN, ASIN, ACOS, ATAN, ATAIN2,
SINH, COSH, 4nd TANH evaluate elementary mathematical functions.

13.5.3 Charac¢ter functions

The elemental functions ICHAR, CHAR, LGE, LGT, LLE, LLT, JACHAR, ACHAR, INDEX, VERIFY,
ADJUSTL, ADJUSTR, SCAN, and LEN_TRIM perform character operations. The transformatiopal
function REPEAT returns repeated concatenations of a character string argument. The transformatiopal
function TRIM [returns the argument with trailing blanks removed.

13.5.4 Character inquiry function

The inquiry fufction LEN returns the length of a character eéntity. The value of the argument to this
function need njot be defined. It is not necessary for a progessor to evaluate the argument of this functjon
if the value of the function can be determined otherwise.

13.5.5 Kind functions

The inquiry furjction KIND returns the kind type parameter value of an integer, real, complex, logical| or
character entity. The value of the argumenf_to this function need not be defined. The transformational
function SELEQTED_REAL_KIND returrs the real kind type parameter value that has at least the decifnal
precision and| exponent range specified by its arguments. The transformational functjon
SELECTED_INT_KIND returns thelinteger kind type parameter value that has at least the decimal
exponent range|specified by its argument.

13.5.6 Logicql function

The elemental |[functions LOGICAL converts between objects of type logical with different kind type
parameter valugs.

13.5.7 Bit manipulation 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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<
= 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.

Etfectively, this model defines an integer object to consist of s bits in sequence numbered from right to
left from 0 to s — 1. This model is valid only in the context of the use of such an object as the argument
or result of one of the bif manipulation procedures. In all other contexts, the model defined for an
integer in 13.7.1 applies. In particular, whereas the models are identical for w, _; £\0/ they do not
corregpond for w__ | = 1 and the interpretation of bits in such objects is processor dependent.

13.6| Transfer function

The flunction TRANSFER specifies that the physical representation of the first argument is td be treated as
it it were one of the type and type parameters of the second argument with’no conversion.

13.7| Numeric manipulation and inquiry functions

The pumeric manipulation and inquiry functions are described in terms of a model for the representation
and bBehavior of numbers on a processor. The model has,parameters which are determined $o as to make
the model best fit the machine on which the executable.pfogram is executed.

13.7.] Models for integer and real data

The nodel set for integer i is defined by:

4
I =sX Eu*;\)(r" :
ko=

wherp r is an integer exceeding One, g is a positive integer, each w; is a nonnegative integgr less than r,
and 4is +1 or -1. The model Set for real x 1s defined by:

0 or

s Xl X Ef,Xb
N k=1

wherg band p are mtegers exceeding one; each f;. is a nonnegatlve integer less than b, with|f, nonzero; s

AR

: 1 ad ot tbhot 18 beaks nt ad Iy
is + leor—t—andeisanintegerthat lies betweensomeinteger maximume—and-someintéger minimum

e min inclusively. For x = 0, its exponent e and digits f, are defined to be zero. The integer parameters 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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s X 2 X [

24

v+ Y xz’\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 and kind type parameters of the arguments. The value of the arguments to these functions need
not be defined, pointer arguments may be disassociated, and array arguments need not be allocated.

13.7.3 Floatin

The elemental
and RRSPACIN

the actual value

13.8 Array in

The array int
multiplication,
construction, ar

13.8.1 The shqd

L point manipulation functions

unctions EXPONENT, SCALE, NEAREST, FRACTION, SET_EXPONENT ~SPACIN
G return values related to the components of the model values (13.7.1) dssociated w
5 of the arguments.

trinsic functions

rinsic functions perform the following operations on drfays: vector and ma
numeric or logical computation that reduces the rank, arrdy structure inquiry, ar
ray manipulation, and geometric location.

ipe of array arguments

The transform
the correspond
array section,
an allocatable 4
size array.

Some of the ind
Assumed-size a
and certain refe

13.8.2 Mask ¢

Some array intq
elements of ong
mask need not

The MASK affg
the function, of

onnal array intrinsic functions operate on each®array argument as a whole. The shape

g actual argument must therefore be defined; that is, the actual argument must be
assumed-shape array, an explicit-shape, array, a pointer that is associated with a targ
rray that has been allocated. or an arfay-valued expression. It must not be an assum

uiry intrinsic functions accept arcay arguments for which the shape need not be defin
'rays may be used as arguments to these functions; they include the function LBOU]
rences to SIZE and UBOUND.

rguments

insic functions Have an optional MASK argument that is used by the function to select
or more argumeénts to be operated on by the function. Any element not selected by
be defined-at the time the function is invoked.

cts orly“the value of the function, and does not affect the evaluation, prior to invok
arguments that are array expressions.

G,
ith

rix
ay

of
an
et,

ed-

ed.
ND
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the

ng

A MASK argun

13.8.3 Vector

—1 £ 1 M ]
ent rust e ot typetogrear:

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.
arguments to MATMUL may be numeric (integer, real, or complex) or logical arrays.

matrices and ve

ctors, MATMUL performs Boolean matrix multiplication.

The
On logical

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.

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

The function ALLOCATED returns a value true if the array argument is currently allocated, and returns
false otherwise. The functions SIZE, SHAPE, LBOUND, and UBOUND return, respectively, the size of
the arfay, the shape, and the lower and upper bounds of the subscripts along each dimensioh. The size,
shape,|or bounds must be defined.

The vz

lues of the array arguments to these functions need not be defined.

13.8.6| Array construction functions

The fynctions MERGE, SPREAD., PACK, and UNPACK construct new \arrays trom the|elements of

existin
based
(SPRE
and U

positio

13.8.7
RESH/

13.8.8

The fiinctions TRANSPOSE, EOSHIFT, .and CSHIFT manipulate arrays.

matrix
unalte
shifts

or end

13.8.9

The fy

d max
with t

13.8.1

b arrays. MERGE combines two conformable arrays into one array by an element
on a logical mask. SPREAD constructs an array from several copies of an actu
AD does this by adding an extra dimension, as in forming a book from copies of one p

ns in another array where the positions are specitied by_.a logical mask.

Array reshape function

APE produces an array with the same elements and a different shape.

Array manipulation functions
TRANSPOSE g

transpose operation on a two-difhensional array. The shift functions leave the shape

hre either circular (CSHIFT):%ih which case elements shifted off one end reappear at th
Loff (EOSHIFT), in which.case specified boundary elements are shifted into the vacated

Array locationfunctions

nctions MAXEOE and MINLOC return the location (subscripts) ot an element of an aj
mum and, minimum value, respectively. By use of an optional logical mask that is
he given @rray, the reduction may be contined to any subset of the array.

D APointer association status inquiry functions

Lwise choice
al argument

nge). PACK

INPACK respectively gather and scatter the elements of~a one-dimensional array from and to

erforms the
of an array

ed but shift the positions of\the elements parallel to a specified dimension of the array. These

e other end,
positions.

ray that has
conformable

The function ASSOCIATED tests whether a pointer 15 currently associated with—any ta

particular target, or with the same target as another pointer.

13.9

Intrinsic subroutines

get, with a

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.

187


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

1SO/IEC 1539 : 1991 (E)

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 copy subroutine

The elemental $ubroutine MVBITS copies a bit tield from a specified position in one integer object\tpo a
specified positign in another.

13.10 Gene[ic infrinsic functions

For all of the intrinsic procedures, the arguments shown are the names that must be used tor keywdrds
when using the| keyword form for actual arguments. For example, a reference to €MPLX may be wriften
in the form 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:

KIND Describes the KIND,of\the result
STRING, [STRING_A An arbitrary charaefer string
BACK Indicates a stririgs¢an is

to be fromiright to left (backward)
MASK A mask that'may be applied to the arguments
DIM A selected’dimension of an array argument

13.10.1 Argument presence inquiry function
PRESENT (A) Argument presence

13.10.2 Numegric functions
ABS (A) Absolute value

AIMAG (2)

AINT (A] KIND)
Optipnal KIND

ANINT (A, KIND)
Optipnal KIND

CEILING|(A)

CMPLX (X, X, KIND)
Optipnal’Y, KIND

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

CONIJG (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,...
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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

ACOS (X) Arccosine

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) Hyperbolic tangent

13.10.4 Character functions
ACHAR (D

ADJUSTL (STRING)
ADJUSTR (STRING)
CHAR (I, KIND)
Optional KIND
IACHAR (O

ICHAR (C)

Optional BACK
LEN_TRIM%STRING)
LGE (STRING_A, STRING_B)
LGT«STRING_A, STRING_B)
LLE (STRING_A, STRING_B)
LET (STRING_A, STRING_B)

INDEX (STRING, SUBSTRING, BACK)

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

REPEAT (STRING, NCOPIES]

SCAN (STRING, SET, BACK)
Optional BACK

TRIM (STRING)

VERIFY (STRING, SET, BACK)
Optional BACK

13.10.5 Character inquiry function
LEN (STRING)

Repearedcomcateration
Scan a string for a character in a set

Remove trailing blank characters
Verify the set of characters in a string

Length of a character entity

: 1991 (E)
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13.10.6 Kind functions
KIND (X)
SELECTED_INT_KIND (R)

SELECTED_REAL_KIND (P, R)
Optional P, R
13.10.7 Logical function

LOGICAL (L, KIND)
Optional KIND

Kind type parameter value

Integer kind type parameter value,
given range

Real kind type parameter value,
given precision and range

Convert between objects
of type logical with

different kind tune narameters
YPsr

13.10.8 Numdric inquiry functions

DIGITS (X)
EPSILON {X)
HUGE (X)
MAXEXPQNENT (X)
MINEXPONENT (X)
PRECISION (X)

RADIX (X
RANGE (X)
TINY (X)

13.10.9 Bit inquiry function
BIT_SIZE [I)

13.10.10 Bit manipulation functions

BTEST (I, [POS)
IAND (1, Jp
IBCLR (I, POS)
IBITS (I, HOS, LEN)
IBSET (I, POS)
IEOR (], ]
IOR (L, )
ISHFT (1, BHIFT)
ISHFTC (I} SHIFT, SIZE)
Optiohal SIZE
NOT (D)

13.10.11 Traniter function

Number of signiticant digits in the model
Number that is almost negligible compared to one
Largest number in the model

Maximum exponent in the mode]

Minimum exponent in the model

Decimal precision

Base of the model

Decimal exponent range

Smallest positive nufaber 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

TRANSFER (SOURCE, MOLD, SIZE)
Optional SIZE

Treat first argument as if
of type of second argument

13.10.12 Floating-point manipulation functions

EXPONENT (X)
FRACTION (X)
NEAREST (X, S)

RRSPACING (X)
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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
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SCALE (X, I)
SET_EXPONENT (X, I)
SPACING (X)

I1SO/IEC 1539 : 1991 (E)

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,
MATRIX_B)

Dot product of two rank-one arrays

Matrix multiplication

13.10{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

$UM (ARRAY, DIM, MASK)
Optional DIM, MASK

13.10{15 Array inquiry functions

ALLOCATED (ARRAY)
IBOUND (ARRAY, DIM)
Optional DIM
$HAPE (SOURCE)

$1ZE (ARRAY, DIM)
Optional DIM
UBOUND (ARRAY, DIM)
Optional DIM

13.10{16 Array.construction functions

MERGE{TSOURCE,
FSOURCE, MASK)
PACK (ARRAY, MASK_ VECTOR)

True if all values are true

True if any value is true

Number of true elements.in an array
Maximum value in{an‘array
Minimum valde in an array
Productiof array elements

Sumyof 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 arrav into an array of rank one

Optional VECTOR
SPREAD (SOURCE, DIM,
NCOPIES)
UNPACK (VECTOR, MASK,
FIELD)

13.10.17 Array reshape function

RESHAPE (SOURCE, SHAPE,
PAD, ORDER)
Optional PAD, ORDER

under a mask
Replicates array by adding a dimension

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) Location of a maximum value in an array
Optiopal MASK

MINLOC [ARRAY, MASK) Location of a minimum value in an array
Optianal MASK

DATE_AND_TIME (DATE, TIME, Obtain date and time
ZNE, VALUES)
Optional DATE, TIME,

ZONE, VALUES
MVBITS (FROM, FROMPOS, Copies bits’from one integer to another
LEN, TO, TOPOS)
RANDOM_NUMBER (HARVEST) Returns-pseudorandom number
RANDOM_SEED (SIZE, PUT, GET» Initializes or restarts the
Optional SIZE, PUT, GET pseudorandom number generator
SYSTEM_[CLOCK (COUNT, Obtain data from the system clock

UNT_RATE, COUNT_MAX)
Optionpal COUNT, COUNT_RATE;
COUNT_MAX

13.12 Specitic names for-infrinsic functions

Spedific Name Generic Name Argument Type
ABY (A) ABS (A) default real
ACQPS (X) ACOS (X) default real
AIMAG\(Z) AIMAG (Z) default complex
Al (A) AINT (A) default real
ALOG (X) LOG (X) default real
ALOG10 (X) LOG10 (X) default real
e AMAXO0 (A1,A2,A3,...) REAL (MAX (A1, default integer
Optional A3, ... A2,A3,..))
Optional A3, ...
e 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
CABStA) ABSA) defauttcomptex
CCOS (X) COS (X) default complex
CEXP (X) EXP (X) default complex
CHAR () CHAR (D) default integer
CLOG (X) LOG (X) default complex
CONJG (Z) CONIJG (2) default complex
COS (X) COS (X) default real
COSH (X) COSH (X) defaultreal
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, X) double precision real
DEXP (X) EXP (X0 double precision real
DIM (X,Y) DIMHX,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;7))
Optional A3,

DMIN1 (A1,A2,A3,...)
Optional A3, ...

MAX (A1,A2,A3,..)
Optional A3, ...
MIN (A1,A2,A3,...)
Optional A3,...

double precision real

double precision real

DMOD:(A,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
DSINHX) SHHO doubte precision reat
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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I IFIX (A) INT (A) default real
INDEX (STRING, INDEX (STRING, default character
SUBSTRING) SUBSTRING)
e INT(A) INT (A) default real
ISIGN (A,B) SIGN (A,B) default integer

LEN (STRING)
e LGE (STRING_A,

LEN (STRING)
LGE (STRING_A,

default character
default character

STRING_B) STRING_B)

. LGT (STRING_A, LGT (STRING_A, default character
STRING_B) STRING_B)

. LLE (STRING_A, LLE (STRING_A, default character

STRING D)
LLT (STRING_A,
STRING_B)

default character

(A1,A2,A3,..) MAX (A1,A2,A3,..) default integer
Optional A3, ... Optional A3,...
(A1,A2,A3,...) INT (MAX (A1,A2,A3,...)) default real
Optional A3, ... Optional A3, ...
(A1,A2,A3,..) MIN (A1,A2,A3,..) default integer
Oplional A3, ... Optional A3,...
(A1,A2,A3,...) INT (MIN (A1,A2,A3,...)) default real
Optional A3, ... Optional A3,...
(A,P) MOD (A,P) default integer
(A) NINT (A) defdult real
(A) REAL (A) defatlt integer
(A,B) SIGN (A,B) default real
) SIN (X) default real
xX) SINH (X) default real
(A) REAL (A) double precision real
(X) SQRT (X) default real
TAN|(X) TAN (X) default real
(X) TANH (X) default real

. Absolute value.

Class. Eletrental-funection-

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)

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').

Result Value. If I has a value in the range 0 < I < 127, the result is the character in position I of the
ASCIl collating sequence, provided the processor is capable of representing that character;
ofherwise, the result is processor dependent. If the processor is not capable of repredenting both
pper- and lower-case letters and I corresponds to a letter in a case that the processor)is [not capable

u
of representing, the result is the letter in the case that the processor is capable “of representing.
AICHAR (IACHAR (C)) must have the value C for any character C capable of-tepresentation in the
p
E;

[OCessor.

kample. ACHAR (88) has the value 'X".

13.13.3 ACOS (X)
scription. Arccosine (inverse cosine) function.
Class. Elemental function.
gument. X must be of type real with a value that gatisties the inequality |X| = 1.

Rpsult Type and Type Parameter. Same as X.

Result Value. The result has a value equal t@ya processor-dependent approximation t¢ arccos(X),
expressed in radians. It lies in the range 0 £ ACOS (X) < .

Example. ACOS (0.54030231) has the walue 1.0 (approximately).

13.13.4 ADJUSTL (STRING)

escription.  Adjust to the left,-removing leading blanks and inserting trailing blanks.

ass. Elemental function.

bsult Type. Character of the same length and kind type parameter as STRING.

psult Valué/~The value of the result is the same as STRING except that any leading planks have

D

C

Argument. STRING must be of type character.

R

R

bgen deleted/and the same number of trailing blanks have been inserted.

Example. ADJUSTL ( WORD') has the value ' WORD

13.13.5 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)

13.13.7 AINT (A, KIND)

13.13.8 ALL (MASK, DIM)

196

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.

Optional Argument. KIND
Description. Truncation to a whole number.

Class. Eldmental function.

Arguments.
A must be of type real.
KIND (optional) must be a scalar integer initialization expression.

Result Tyjpe and Type Parameter. The result is of type real. VIf KIND is present, the kind t
parameter] is that specified by KIND; otherwise, the kind type parameter is that of A.

Result Vajue. If |A| <1, AINT (A) has the value 0; if>|A| = 1, AINT (A) has a value equal to

integer whose magnitude is the largest integer that'does not exceed the magnitude of A and wh
sign is thq same as the sign of A.

Examples| AINT (2.783) has the value 2.0. AINT (-2.783) has the value -2.0.

Optional Argument. DIM
Descriptiqn. Determine whetherall values are true in MASK along dimension DIM.

Class. T\]ansformational funetion.

ype

the

0se

Arguments.
MASK must be of type logical. It must not be scalar.
DIM (optjonal) 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

optionat dummy argumment;

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,. d, ..., dpiv-1. doiMs1, ..., d,,) where (d,, dy, ..., d,
the shape of MASK.

Result Value.

) is

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):

ISO/IEC 1539 : 1991 (E)

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, $2, «ets SDIM—=1+ 3 SDIM+1r ---+ 5”)).

The value of ALL ((/ . TRUE., .FALSE., .TRUE. /)) is false.

135 035
246 7 48

DIM = 1) is [true, false, false] and ALL (B .NE. C, DIM = 2) is [false, false].

It B is the array { } and C is the array { } then ALL (B .NE. C,

13.13.p ALLOCATED (ARRAY)

escription.

13.13.

rguments.

13.13.})1 ANY (MASK, DIM)

ptional Argument. DIM

lass. Inquiry function.
rgument. ARRAY must be an allocatable array.

esult Type, Type Parameter, and Shape. Default logical scalar.

O ANINT (A, KIND)
ptional Argument. KIND
escription.

lass. Elemental function.

IND (optional) must be @,scalar integer initialization expression.

Indicate whether or not an allocatable array is currently allocated.

esult Value. The result has the value true it ARRAY is currently,allocated and has the value false
ARRAY is not currently allocated. The result is undefined-if the allocation status [14.8) of the
rray is undefined.

Nearest whole number.

must be of type real.

esult Type and Type Parameter. The result is of type real. If KIND is present, the kind type
arameter is that specified by KIND; otherwise, the kind type parameter is that of A.

esult Value. If A.> 0, ANINT (A) has the value AINT (A + 0.5); if A <0, ANINT (A) has the
alue AINT (A.-0.5).

xamples. <ANINT (2.783) has the value 3.0. ANINT (-2.783) has the value -3.0.

Description.

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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13.13.12 ASIN [X)

13.13.13 ASSOCIATED (POINTER, TARGET)

198

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). Otherwise, the value of element (5|, 55, ..., 5piM—1. SPIM+ 1, -+, Sy) Of
ANY (MASK, DIM) is equal to ANY (MASK (s}, S, ..., SpIM =1 2 SDIN 4 1r o0 SuH)e

Examples.
Case (i): The value of ANY ({(/ .TRUE., .FALSE., .TRUE. /)) is true.

135
246 7 4 8

[true, false, true] and ANY (B .NE. C, DIM = 2) is [true, true}.

Case (ii): If B is the array { } and C is the array { ANY (B .NE. ©DIM = 1] is

Description. Arcsine (inverse sine) function.

Class. Elemental function.

Argument,| X must be of type real. Its value must satisfy the inequality |X| < 1.
Result Tyge and Type Parameter. Same as X.

Result Value. The result has a value equal to a processor-dependent approximation to arcsin(X),
expressed in radians. It lies in the range — 7 /2 < ASIN (X) = 7/2.

Example. |ASIN (0.84147098) has the value 1.0Napproximately).

Optional Argument. TARGET

Descriptiof. Returns the association status of its pointer argument or indicates the pointer| is
associated with the target.

Class. Inquiry function.
Argumentsd.

POINTER must be a pointer and may be of any type. lIts pointer association status mpst
not be undefined.

TARGET (optional) must be a pointer or target. If it 1S a pOINter, {tS 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)
SOCIATED (CUR, TOP) is false.

13.13.14 ATAN (X)
scription. Arctangent (inverse tangent) function.
Class. Elemental function.
gument. X must be of type real.
Rpsult Type and Type Parameter. Same as X.

Rpsult Value. The result has a value equal to a processor-dependent approximation t¢ arctan(X),
ejpressed in radians, that lies in the range —7/2 < ATAN (X) < n/2.

Example. ATAN (1.5574077) has the value 1.0 (approxirnately).

13.13.16 ATAN2 (Y, X)

scription. Arctangent (inverse tangent} \function, The result is the principal value of the
afgument of the nonzero complex numberi{X, Y). '

Class. Elemental function.

Arguments.

Y must beof type real.

X must .be of the same type and kind type parameter as Y. If Y hds 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 principal

value of the argument of the complex number (X, Y), expressed in radians. It lies in the range

7 < ATAN2 (Y, X) = 7 and is equal to a processor-dependent approximation to|a value of
ctan(¥/X) if X £0. If Y > 0, the result is positive. If Y =0, the result is zero if X > 0 and the
rdsult’is 7 if X < 0. If Y < 0, the result is negative. If X =0, the absolute value of the rdsult is 7 /2.

Examples. ATAN2 (1.5574077, 1.0) has the value 1.0 (approximately). If Y has the value

8}

_1 1 and X has the value {_1 ﬂ the value of ATAN2 (Y, X) is approximately
37 k3

4 4

—3r =

4 4
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13.13.16 BIT_SIZE ()

13.13.17 BTEST((l, POS)

13.13.18 CEILING (A)

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.

Example. BIT_SIZE (1) has the value 32 it s in the model is 32.

Descriptioh. Tests a bit of an integer value.

Class. Elemental function.

Arguments.
1 must be of type integer.
POS must be of type integer. It must be nonnegative and-be less than BIT_SIZE (D).

Result Ty:[le. The result is of type default logical.

Result Value. The result has the value true if bit POS of | has thé value 1 and has the value falsg if
bit POS of I has the value 0. The model tor the interpretatién ot an integer value as a sequence of
bits is in 1]3.5.7.

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)'is

Description. Returns the least integer greater than or equal to its argument.

Class. Eldmental function.
Argument| A must be of type real.
Result TyTe and Type Parameter. Default integer.

Result ValJue. ,The result has a value equal to the least integer greater than or equal to A. The
result is uhdefined if the processor cannot represent this value in the default integer type.

E l I INI A fa r2y ] +1 1 A LI INT (A v ] +} 1 2
xamples. —CTICIING (O 7/ a5 e valut 4. CLILING \=o. 77 Tas e vamue —J-

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 character

type.

Result Value. The result is the character in position | of the collating sequence associated with the

TCITAR (LI AD /1 1IN LW

specitied—kird—type—parameter— HCHAR CEHAR(—KIND & —must Jrave—the
0=<l=n—-1 and CHAR (ICHAR (C), KIND (C)) must have the value C for-any
capable of representation in the processor.

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 drreal. It must not be present if X is of t
KIND (optional) must be a scalar integér initialization expression.

Result Type and Type Parameter. Thelresult is of type complex. If KIND is présent,
parameter is that specified by KIND; \otherwise, the kind type parameter is that of defd

Y is absent and X is complex it is as if Y were present with the value AIMAG (X). (

REAL (Y, KIND).
Example. CMPLX~(<3) has the value (-3.0, 0.0).

.21 CONJG.(2Z)
Description. Conjugate of a complex number.

Class.\Elemental function.

Example. CHAR (88) has the value "X’ on a processor using the ASCII collating sequence.

value 1 for
character C

ype complex.

the kind type
ult real type.

Result Value. If Y is absent and>X is not complex, it is as if Y were present with the value zero. If
'TMPLX (X, Y,
KIND) has the complex~value whose real part is REAL (X, KIND) and whose imaginary part is

Argument. Z must be of type complex.

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
Result Value

and Type Parameter. Same as X.

. The result has a value equal to a processor-dependent approximation to cos(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 regarded

as a value in

radians.

Example. COS (1.0) has the value 0.54030231 (approximately).

13.13.23 COSH (X)

Description.

Hyperbolic cosine function.

Class. Eletlnental function.

Argument.| X must be of type real.

Result Typ
Result Vallre

Example. {COSH (1.0) has the value 1.5430806 (approximately).

13.13.24 COUNT (MASK, DIM)
Optional Argument. DIM

Description.

Class. Transformational function.

and Type Parameter. Same as X.

. The result has a value equal to a processor-dependent approximation’to~cosh(X).

Count the number of true elements of MASK along-dimension DIM.

Arguments.
MASK must be of type logical. It mustnot be scalar.
DIM (optipnal) must be scalar and of type integer with a value in the range 1 < DIM <[i,

Result Type,

absent or MASK has rank one; othérwise, the result is an array of rank n —1 and of shape (d,,

ceey dDIM— ,

Result Val{ie.

Case (i):

Case (ii):

where n is the rank of MASK. The corresponding actual argument must pot
be an optional dummy‘argument.

Type Parameter, and Shape:" The result is of type default integer. It is scalar it DIM is

-

domMais ..., d,) where (d |, d., ..., d,) is the shape of MASK.

The result of COUNT (MASK) has a value equal to the number of true elements|of
MASK ot has the value zero if MASK has size zero.

If MASK has rank one, COUNT (MASK, DIM) has a value equal to that|of
COUNT (MASK). Otherwise, the value of element (s, s5, ..., Spiv—1, SO+ 10 - [5:)
o COUNT (MASK, DIM) is equal to COUNT (MASK (s, sa, ..., Spint -1+ & Sondh i

Examples.

Case (i):

Case (ii):

202

A
R

The value of COUNT ({/ .TRUE., .FALSE., .TRUE. /})) is 2.

135 035
If B is the array 24 6 and C is the array 7 4 8

DIM = 1) is [2, 0, 1] and COUNT (B .NE. C, DIM = 2) is [1, 2].

, COUNT (B .NE. C,
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13.13.25 CSHIFT (ARRAY, SHIFT, DIM)
Optional Argument. DIM

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 rank'esrje; otherwise,
it must be scalar or of rank n —1 and of shape (d;, d5, ..O@pi-1. dpinvi+1
., d,) where (d |, d,, ..., d,) is the shape of ARRAY.
DIM (optional) must be a scalar and of type integer with a value in_the range 1 < DIM = #,

Case (i):

Case (ii):

Examples.

Case (i):

Case (ii):

Result Type, Type Parameter, and Shape. The result is of the type‘and type parameter|
hnd has the shape of ARRAY.

Result Value.

where n is the rank of ARRAY. If DIM is omitted;. it is as if it
with the value 1.

If ARRAY has rank one, element 7 of the-résult is ARRAY (1 + MODUL(
-1, SIZE (ARRAY))).

If ARRAY has rank greater than one; section (s, s5, ..., Spiv-1. 5 SDIMA 1

the result has a value equal to CSHIFT (ARRAY (s, 55, ..., sppM-1. & SpI
1, sh), where sh is SHIFT or SHIFT (s, s5. ..., SpiM=1. SDiM+1, -+ Su).

If Vis the array [1, 2,73, 4, 5, 6], the effect of shifting V circularly to th

were present

5 of ARRAY,

D (7 + SHIFT
L ey s,) of
M+ 17 eeees Sn)v

e left by two

positions is achieved:by CSHIFT (V, SHIFT = 2) which has the value [3, }§, 5, 6, 1, 2];

CSHIFT (V, SHIFT = -2) achieves a circular shift to the right by two

has the valug’[5; 6, 1, 2, 3, 4].

The rows_of an array of rank two may all be shifted ’by the same a
123

different amounts. If M is the array {4 5 6}, the value of
7 89

1
SHIFT = -1, DIM =2) is |6 4 5!, and the value of CSHIFT (I
9 7 8

bositions and

mount or by

CSHIFT (M,

M, SHIFT =

(/-1,1,0/),DIM = 2)is |5 6 4
7 89

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 compati

representations defined in [SO 8601:1988.

ble with the
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Class. Subroutine.

Arguments.

DATE (optional)

TIME (optional)

must be scalar and of type default character, and must be of length at lea
in order to contain the complete value. It ts an INTENT (OUT) argument.

st 8
Its

‘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.

must be scalar and of type default character, and must be of length at least 10

in order to contain the complete value. It is an INTENT (OUT) argument.

Its

ZONE (optional)

VALUES [(optional)

VALUES (1)
VALUES (2)
VALUES (3)
VALUES (4)

VALUES (5)
VALU

VALUES (7)
VALUES (8)

Example.

leftmost 10 characters are set to a value of the form hlimmss.sss, wherep

1s

the hour of the day, mm is the minutes of the hour, and ss.sss is the. secopds

and milliseconds of the minute. If there is no clock available, theyhare se

blank.

must be scalar and of type default character, and must be of length at lea
in order to contain the complete value. It is an INTENT (OUT) argument.
leftmost 5 characters are set to a value of the form Flhmm, where hh

ff to

4 5
Its
ind

mm are the time difference with respect to Coordinated Universal Time (UTC)
in hours and parts of an hour expressed in minutes tespectively. If there is|no

clock available, they are set to blank.

o

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 arq 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
minutes, or -HUGE (0)if this information is not available;

the hour of the-day, in the range of 0 to 23, or -HUGE (0} if there is no clo

the minutes of the hour, in the range 0 to 59, or ~-HUGE (0) if there is
clock;

in

k;

no

the seconds of the minute, in the range 0 to 60, or ~-HUGE (0) if there is| no

cleck;

the milliseconds of the second, in the range O to 999, or ~-HUGE (0) if there is

no clock.

INTEGER DATE_TIME (8)
CHARACTER (LEN = 10) BIG_BEN (3)
CALL DATE_AND_TIME (BIG_BEN (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 (1): 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 sign

ificant part of

13.13

13.13

A as a double precision real datum can contain.

Case (iii): It A is of type complex, the result is as much precision of the significa
real part of A as a double precision real datum can contain.

Example. DBLE (-3) has the value -3.0D0.

28 DIGITS (X)

Description. Returns the number of significant digits in the model\representing numbe
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“is7of type integer and p if X is of type
and p are as defined in 13.7.1 for the madelrepresenting numbers of the same type
parameter as X. ‘

Example. DIGITS (X) has the value 24’ for real X whose model is as at the end of 13.7

.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.

ResultType and Type Parameter. Same as X.

Result Value. The value of the result is X-Y if X > Y and zero otherwise.

nt part of the

rs of the same

real, where g
and kind type

—

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
be array valued and of rank one.

type. It must
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13.13.31 DPRj‘D (X, Y)

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.
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 k
type parameter of the result are those of the expression VECTOR_A * VECTOR_B determined

It

ind
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 (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 ze

0.

Case (ii): If VECTOR_A is of type complex, the result has the value SUM (€ONIG

Zero.

(VECTOR_A)*VECTOR_B). If the vectors have size zero, the result has 'the value

Case (iii): | It VECTOR_A is of type logical, the result has the value ANY (VECGTOR_A .AND.

VECTOR_B). If the vectors have size zero, the result has the value\false.
Example. [DOT_PRODUCT ((/ 1, 2, 3 /), {/ 2, 3, 4 /)) has the value 20.

Description. Double precision real product.

Class. Elemental function.

Argumentg.
X must be of type default real.
Y must be of type default real.

Result Tyge and Type Parameters. Double precision real.

Result Valpe. The result has a value equal*to a processor-dependent approximation to the prod
of X and Y.

Example. [DPROD (-3.0, 2.0) has the’value -6.0DO0.

13.13.32 EOSHJFT (ARRAY, SHIFT, BOUNDARY, DIM)

206

Optional Arguments. BOUNDARY, DIM

Descriptioh. Performi‘an end-off shift on an array expression of rank one or perform end-off sh
on all the fomplete rank-one sections along a given dimension of an array expression of rank two
greater. Elemeénts are shifted off at one end of a section and copies of a boundary value are shif

Lct

—_

ts
or

ed

in at the gthérrend. Different sections may have different boundary values and may be shifted |by
different amounts and 1n 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 rank one; otherwise,

it must be scalar or of rank n —1 and of shape (d,, d5, ..., dppi-1. dpi
..., d,) where (d,, d;, ..., d,) is the shape of ARRAY.

+1
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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 (dl' dZ' veey leM‘l/ dDIM+lr vees d”). BOUNDARY ma
for the data types in the following table and, in this case, it is
present with the scalar value shown.

Type of ARRAY  Value of BOUNDARY

y be omitted
as if it were

Integer 0

Real 0.0
Complex (070,007
Logical false
Character (len) len blanks

DIM (optional) must be scalar and of type integer with a value in ‘thé range 1
where n is the rank of ARRAY. If DIM is omitted, it is as if it

with the value 1.

Result Type, Type Parameter, and Shape. The result has the type; ‘type parameters,
ARRAY.

Result Value. Element (s;, s, .... s,) of the result has’thé value ARRAY (s;, s,
;D1M+5hr SDIM+1r -eor 5”) where SI’I is SHIFT or SHIFT (5], 52, ««+s SDIM—=1+ SDIM+1+ +-+»
he inequality LBOUND (ARRAY, DIM) = sppy +<$h = UBOUND (ARRAY, DIM)
btherwise BOUNDARY or BOUNDARY (s, 53, ....;6DIM =1, SDIM+1r -+ Su)-

< DIM = »n,
were present

and shape of

+ SDIM~-1/
s,) provided
holds and is

13.13.33 EPSILON (X)

Fxamples.
(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, 'EOSHIFT (V, SHIFT = 3) which haq the wvalue
[4, 5,6, 0, 0, 0]; EOSHIET (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 afarray of rank two may all be shifted by the same amount or by
different amounts and the boundary elements can be the same or differenf. If M is the
A B C
arrayl D E F |, then the value of EOSHIFT (M, SHIFT = -1, BOUNPDARY = "*’,
GHI
* A B
DIM =2)is |{* D E|. and the value of EOSHIFT (M, SHIFT = {/ -1, 1, 0/},
* G H
[+ a8
BOUNDARY = (/% '/, '7 /), DIM=2)is |E F /|.
G H I

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.

207


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

1SO/I

13.13

13.13.35 EXPONENT (X)

13.13.36 FLOOR (A)

EC 1539 : 1991 (E)

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.

.34 EXP (X)
Description. Exponential.
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 e XN\ X i
type complex, its imaginary part is regarded as a value in radians.

Example. | EXP (1.0) has the value 2.7182818 (approximately).

Description. Returns the exponent part of the argument when represented-as a model number.
Class. Elpmental function.

Argument. X must be of type real.

Result Tylpe. Default integer.

Result Vdlue. The result has a value equal to the expénent e of the model representation (13.
for the value of X, provided X is nonzero and e is within the range for default integers. The rg
is undefined if the processor cannot represent e in the default integer type. EXPONENT (X) has
value zer¢ if X is zero.

s of

7.1)
sult
the

Examples; EXPONENT (1.0) has the value Tvand EXPONENT (4.1) has the value 3 for reals whose

model is hs at the end of 13.7.1.

Descriptipn. Returns the greatest integer less than or equal to its argument.
Class. Elemental function-

Argument. A must be of type real.

Result Type and Type Parameter. Default integer.

Result V3lue. The result has value equal to the greatest integer less than or equal to A. The rg
is undefined_if the processor cannot represent this value in the default integer type.

sult

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)

Description. Returns the largest number 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. Scalar of the same type and kind type paranleter as X.

Result Value. The result has the value r7—1 if X is of type integer and (1—b 5™ if X is of type
teal, where r, g, b, p, and e, are as defined in 13.7.1 for the model represénting nymbers of the
bame type and kind type parameter as X.

Fxample. HUGE (X) has the value (1—272%) X2'? for real X whose model is as at the ¢nd of 13.7.1.

13.13[39 IACHAR (C)

Description. Returns the position of a character in the ASClI'collating sequence.
Class. Elemental function.

Argument. C must be of type default character and oflength one.

Result Type and Type Parameter. Default integer.

Result Value. If C is in the collating sequénce defined by the codes specified in ISO 646:1983
International Reference Version), the resiilt is the position of C in that sequence and satisfies the
nequality (0 < IACHAR (C) < 127). ~A"processor-dependent value is returned’if C fis not in the
ASCII collating sequence. The results are consistent with the LGE, LGT, LLE, and LLT lexical
comparison functions. For example, if LLE (C, D) is true, IACHAR (C) .LE. IACHAR (D) is true
where C and D are any two characters representable by the processor.

Fxample. IACHAR ('X’) has the value 88.

13.13/40 IAND (1, J)

Description. Performs a logical AND.
Class. Elemental function.
Arguments.

[ must be of type integer.

mact beof tuneintecar with the came kind tune narameter as 1
Rast-pe-ortypeHhteger—wWin—me-Same-xiRa-typep

I
J

Result Type and Type Parameter. Same as I.

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 (]).

Result Type and Type Parameter. Same as [.

Result Value. The result has the value of the sequence of bits of I, except that bit POSCofI is sef 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 (PQOS = V, 1 = 31)is (29, 27, 23, 15].

13.13.42 IBITS (1, POS, LEN)

Description. Extracts a sequence of bits.

Class. Elgmental function.

Argumentp.

I must be of type integer.

POS must be of type integer. It mustbe nonnegative and POS + LEN must be |ess
than or equal to BIT_SIZE (I}

LEN must be of type integer and nonnegative.

Result Type and Type Parameter. Samegasl.

Result Value. The result has the value of the sequence of LEN bits in I beginning at bit POS right-
adjusted dnd with all other bits zero. The model for the interpretation of an integer value ds a
sequence ¢f bits is in 13.5.7.

Example. [IBITS (14, 1, 3)chas’the value 7.

13.13.43 IBSET| (I, POS)
Description. Sets-orie bit to one.

Class. El¢méntal function.

Arguments.
[ must be of type 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 associated with
the kind type parameter of the character.

Class. Elemental function.

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.

Result Value. The result is the position of C in the processor collating sequence associated with the
ind ne _na mete 0 nd is in he ranece (O < HAR < n — ahere 1 1 enumberof

¢haracters in the collating sequence. For an characters C and D capable of represenfation in the
processor, C .LE. D is true if and only if ICHAR (C) .LE. ICHAR (D) is true and €-EQ. D is true if

dnd only if ICHAR (C). EQ. ICHAR (D) is true.

fxample. ICHAR ('X') has the value 88 on a processor using the ASCII eollating seqience for the
default character type.

13.13.45 IEOR (1, J)
Description. Performs an exclusive OR.
Class. Elemental function.
Arguments.
must be of type integer.
must be of type integer with-the same kind type parameter as 1.
esult Type and Type Parameter. Same asl.

esult Value. The result has the valug¢-obtained by combining [ and ] bit-by-Bit accqrding to the
ollowing truth table:

I ] IEOR(Q,J)

O O =
(IS R
O = - O

The modelf0r the interpretation of an integer value as a sequence of bits is in 13.5.7.

Example:® IEOR (1, 3) has the value 2.

13.13.46 - 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.
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13.13.47 INT (
Optional |Argument. KIND

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, 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.

If BACK is present with the value true, the result is the maximum value of I less than

or equal to LEN (STRING) - LEN (SUBSTRING) + 1 such that STRING (I : I + LEN

Examples} INDEX (FORTRAN', 'R’) has the value 3.
INDEX (FORTRAN’, 'R’, BACK = .TRUE.) has the value 5.

Descriptipn.

Class. fiI»menta] function.

Arguments.

A

KIND (optional) must be a scalar integer initializatién expression.

Result Type

specified by KIND; otherwise, the kind type parameter is that of default integer type.
Result V3lue.

Case (i):
Case (ii):

Case (iii)

The result is

Example| INT (-3.7) has the value -3.

A, KIND)

(SUBSTRING) - T) = SUBSIKING or zero it there 1s no such value. Zero 1s refutned
if LEN (STRING) < LEN (SUBSTRING) and LEN (STRING) + 1 is returneduf*LEN
(SUBSTRING) = 0.

Convert to integer type.

must be of type integer, real, or complex.

and Type Parameter. Integer. If KIND is present, the kind type parameter is [that

If A is of type integer, INTA) = A.

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~and whose sign is the same as the sign of A,

If A is of type complex, INT (A) is the value obtained by applying the case (ii) rule to
the real-part of A.

undefined if the processor cannot represent the result in the specified integer type.

13.13.48 IOR (I, J)

212

Description.

Performs an inclusive OR.

Class. Elemental function.

Arguments.

I
J

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 absolite value of SHIFT must b¢ less 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| 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. Bits shifted out from the left or from the right, as appropriate, are
lost. Zeros are shifted in from the opposite end. The model for the interpretation|of an integer
value as a sequence of bits is in 13.5.7.

Example. ISHFT (3, 1) has therésult 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 b less than or
equatto-SHAE:

SIZE (optional) must be of type integer. The value of SIZE must be positive and must 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)

13.13.52 LBOUND (ARRAY, DIM)
Optional Argument. DIM

13.13.53 LEN (STRING)

214

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.

Result Value. The result has a value equal to the kind type parameter value of X.

Example.

Descriptio

Class. Induiry function.

Argumenty.

ARRAY may be of any type. It must not be scalar. It¢must not be a pointer tha
disassociated or an allocatable array that is not @llocated.

DIM (optipnal) must be scalar and of type integer withfa)value in the range 1 < DIM =<

Result Tyge, Type Parameter, and Shape. The result iswf type default integer. It is scalar if DIM i
present; ofherwise, the result is an array of rank one and size 11, where 1 is the rank of ARRAY.

Result Valpe.

Case (i):

Case (ii):

Examples.

REAY A (2:3,~7:10)
then LBOUND/A) is {2, 7] and LBOUND (A, DIM=2) is 7.

Descriptio

[KIND0.0) has the kind Type parameter value of default real.

h. Returns all the lower bounds or a specified lower bound of an array.

be an optional dummy argument.

For an array section or for af)array expression, other than a whole array or ar
structure component, LBOUND (ARRAY, DIM) has the value 1; otherwise, it ha
value equal to the lower\bound for subscript DIM of ARRAY if dimension DIM
ARRAY does not have'size zero and has the value 1 if dimension DIM has size zero.

LBOUND (ARRAY) has a value whose ith component is equal to LBOUND (ARRA
i), for i = 1, 2,\.J, n, where n is the rank of ARRAY.

If A is declared by the statement

n,

where n is the rank of ARRAY. The corresponding actual argument must pot

ay
b 4
of

LY,

n. Returns the length of a character entity.

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.

Class. Elemental function.

nt. STRING must be of type character.

esult Type and Type Parameter. Default integer.

esult Value. The result has a value equal to the number of characters remainihg-afteg any trailing
lanks in STRING are removed. If the argument contains no nonblank characters, |the result is
gero.

Examples. LEN_TRIM (" A B ) has the value 4 and LEN_TRIM (' ("), has the value .

13.13.5 LGE (STRING_A, STRING_B)

Description. Test whether a string is lexically greater than¢orequal to another string, pased on the
ASCII collating sequence.

Class. Elemental function.

Arguments.
bTRING_A must be of type default gharacter.
bTRING_B must be of type default character.

Result Type and Type Parameters. Défault logical.

Result Value. If the strings are.af)unequal length, the comparison is made as if the ghorter string
vere extended on the right with blanks to the length of the longer string. If either string contains a
Lharacter not in the ASCll chdracter set, the result is processor dependent. The result[is true if the
trings are equal or if STRING_A follows STRING_B in the ASCII collating sequence; otherwise,
he result is false. Note that the result is true if both STRING_A and STRING_B are of| zero length.

Example. LGE (ONE’, 'TWQO’) has the value false.

13.13/56 LGT (STRING_A, STRING _B)

Description. Test whether a string is lexically greater than another string, based qn the ASCII
Follafing 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)

13.13.58 LLT (PTRING_A, STRING_B)

13.13.59 LOG(X)

216

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.

Result Type and Type Parameters. Default logical.

Result VaJue. If the strings are of unequal length, the comparison is made as if "the shorter stfing
were extehded 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. ~Fhe result is true if|the
strings ar¢ equal or if STRING_A precedes STRING_B in the ASCII collating sequence; otherwfise,
the result [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.

Descriptign. Test whether a string is lexically less 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 Tyjpe and Type Parameters. “Default logical.

—

Result Vdlue. 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 contaips a
character| not in the ASCH character set, the result is processor dependent. The result is trye 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 (ONE’, 'TWQO') has the value true.

Description. Natural logarithm.
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 LOGI10O (X)

Description. Common logarithm.

Class. Elemental function.

Argument. X must be of type real. The value of X must be greater than zero.
ResultFypeandTypeParameter—Sameas%—————————————
Result Value. The result has a value equal to a processor-dependent approximation(te lpg,oX.

Example. LOG10 (10.0) has the value 1.0 (approximately).

13.1361 LOGICAL (L, KIND)

Pptional Argument. KIND

Description. Converts between kinds of logical.

Class. Elemental function.

Arguments.

B 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 parameter is that
pecified by KIND; otherwise, the kind type.parameter is that of default logical.

Result Value. The value is that of L.
Fxample. LOGICAL (L .OR. NQT. L) has the value true and is of type default logicpl, regardless
bf the kind type parameter of the‘logical variable L.

13.13/62 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 logical 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 MAX

Case (i):

Case (ii):

Case (iii):

If MATRIX_A has shape (1, m) and MATRIX_B has shape (in, k), the result has shape
(n, k).

If MATRIX_A has shape (m) and MATRIX_B has shape (m, k), the result has shape
(k).

If MATRIX_A has shape (n, m) and MATRIX_B has shape (m), the result has shape
(n). ‘

Result Value.

Case (i):

Element (i, j) of the result has the value SUM (MATRIX_A (i, :) * MATRIX_B (:, j)) if
the arguments are of numeric type and has the value ANY (MATRIX_A (i, :) .AND.

Case (ii):

Case (iii):

123
Examples.| Let A and B be the matrices { } and |2 31!; let"X and Y be the vectors [1] 2]

and {1, 2,]3].

Case (i):

Case (ii):

Case (iii):

Description.

Class. Eldmental fanction.

Arguments.

must all hpve’the same kind type parameter.

(Al, A2, A3, ..)
Optional Arguments. A3~}

MATRIX_B (:, j)) it the arguments are of logical type.

Element (j) of the result has the value SUM (MATRIX_A {(:) * MATRIX_B (., (}Vif [the
arguments are of numeric type and has the value ANY (MATRIX_A.(3 .AND.
MATRIX_B (:, j)) if the arguments are of logical type.

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
3 4

The result of MATMUL (A, B) is the matrix-matrix product AB with the vglue

14 20
20 29|

The result of MATMUL (X, A)ds the vector-matrix product XA with the vdlue
(5, 8, 11].

The result of MATMUL (A, Y) is the matrix-vector product AY with the value [[14,
20].

Maximum-value.

Thevarguments must all have the same type which must be integer or real and they

Result Type and Type Parameter. Same as the arguments.

Result Value. The value of the result is that of the largest argument.

Example. MAX (-9.0, 7.0, 2.0) has the value 7.0.

13.13.64 MAXEXPONENT (X)

218

Description.

Returns the maximum exponent 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. [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)

Optional Argument. MASK

ocrripﬁnn Determine the location of the first element of ARRAY hnuing the maxim

m value of

e elements identified by MASK.

(lass. 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

rink one and of size equal to the rank of ARRAY.

Result Value.

(ase (1): If MASK is absent, the result is a rank-0ne ‘array whose element values aifle the values
of the subscripts of an element of ARRAY whose value equals the maximphm value of
all of 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 onel|element has
the maximum value, the element whose subscripts are returned is thp first such
element, taken in array element order. If ARRAY has size zero, the value of the result
is processor dependent.

(ase (ii): If MASK is present, the result is a rank-one array whose element values aje the values
of the subscripts of an element of ARRAY, corresponding to a true elemerft of MASK,
whose value equals the maximum value of all such elements of ARRAJY. The ith
subscript returned lies in the range 1 to e; where ¢; is the extent of the ith dimension of
ARRAY. «lf more than one such element has the maximum value, the eldment whose
subscripts are returned is the first such element taken in array element order. If there
are fio;such elements (that is, if ARRAY has size zero or every element of MASK has
thewvalue 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 defpult integer.

Hxamples.

Tasé (). The value of MAXLOC ({(/ 2, 6, 4, 6 /) is [2].

0 —5 8 —3
Case (ii): If A has the value |3 4 —1 2}, MAXLOC (A, MASK = A LT. 6) has the
1 5 6 —4

value [3, 2]. Note that this is true even if A has a declared lower bound ot

13.13.66 MAXVAL (ARRAY, DIM, MASK)

Optional Arguments. DIM, MASK

Description.
the true elements of MASK.

her than 1.

Maximum value of the elements of ARRAY along dimension DIM corresponding to
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Class. Trans

Arguments.

ARRAY

DIM (optional)

formational function.

must be of type integer or real. It must not be scalar.

where n is the rank of ARRAY. The corresponding actual argument must
be an optional dummy argument.

MASK (optional)  must be of type logical and must be conformable with ARRAY.

must be scalar and of type integer with a value in the range 1 < DIM =< #n,

no t

Result 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. 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 maximumd{walue of all jthe
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)Chas a value equal to [the
maximum value of the elements of ARRAY corresponding' 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 arameter of ARRAY if there are[no
true elements.

Case (iii):| If 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, 55, ..., sSpuY. & SpiMa1s -+ Sn), [, MASK = MASK (sy,]s,
cor) SDIM=1, 1/ SDIM+1, -/ Su) ] ).

Examples,

Case (i): The value of MAXVAL ((7 1, 2, 3 /)) is 3.

Case (ii): | MAXVAL (C, MASK ='C .LT. 0.0) finds the maximum of the negative elements of |C.

135

Case (iii):| 1f B is the arpray 24 6l MAXVAL (B, DIM = 1) is [2, 4, 6] and MAXVAL |(B,

DIM = 2)as'[5, 6].
13.13.67 MERGE (TSOURCE, FSOURCE, MASK)
Descriptiqn{/Choose alternative value according to the value of a mask.

220

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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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.

13.13.68 MIN (Al, A2, A3, ..)
Optional Arguments. A3, ...

Description. Minimum value.
(lass. Elemental function.

Arguments. The arguments must all be of the same type which must be.integer or rdal and they
must all have the same kind type parameter.

sult Type and Type Parameter. Same as the arguments.
sult 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.

13.13.49 MINEXPONENT (X)

Description. Returns the minimum (most negative) exponent in the model representing|numbers of
e same type and kind type parameter as the argument.

-

(lass. Inquiry function.
Argument. X must be of type real. It\may be scalar or array valued.
esult Type, Type Parameter, and (Shape. Default integer scalar.

sult Value. The result has the value e,,, as defined in 13.7.1 for the model represent{ng numbers
f the same type and kind (fypé parameter as X.

xample. MINEXPONENT (X) has the value -126 for real X whose model is as at the end of 13.7.1.

@)

m

13.13.70 MINLOC (ARRAY, MASK)
Optional Argument. MASK

Descriptiony Determine the location of the first element of ARRAY having the minimfim value of
the eléments identified by MASK.

(lass? 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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13.13.71 MINV

222

Case (ii):

An elemen
Examples.

Case (i):

Case (1i):

Descriptio
true eleme

Class. Tr3

Arguments.

ARRAY
DIM (opti

MASK (oj

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.

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
ARRAY. If more than one such element has the minimum value, the element whose
subscripts are returned is the first such element taken in array element order. If

Result Ty

of rank n

of ARRAY.

t of the result is undefined if the processor cannot represent the value as a default*integer.

AL (ARRAY, DIM, MASK)
Optional Arguments. DIM, MASK

h.
hts of MASK.

insformational function.

tional)  mustbe of type logical and must be conformable with ARRAY.

ARRAY has size zero or every element of MASK has the value false, the value of the
result is processor dependent.

The value of MINLOC ((/ 4, 3, 6, 3 /)) is [2].

0 -5 8 —3
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

Minimum value of all the elements of ARRAY along dimension DIM corresponding| to

must be of type‘intéger or real. It must not be scalar.

onal) 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 hot
be anroptional dummy argument.

e, Type(Parameter, and Shape. The result is of the same type and kind type paramgter
as ARRAY.

It js=scalar if DIM is absent or ARRAY has rank one; otherwise, the result is an arfay
¥ and of shape (d, d2, ..., dpim-1, dpimsr, ... d,) where (dy, d,, ..., d,) is the shape

Result Value.

Case (i):

Case (ii):

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.

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,
., SDIM=1 SDIM+1, ---» S») of MINVAL (ARRAY, DIM [,MASK]) is equal to MINVAL

(ARRAY (Sl, 53, ooy SDIM=1+ :y SDIM+1r +++r 5,,) [, MASK= MASK (51, 53, «-+y SDIM -1/
5 SDIM41r s Su) 1)

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.

[1 3 51
Case (iii): If B is the array . .|, MINVAL (B, DIM = 1) is [1, 3, 5] and MINVAL (B,

13.13.72 MOD (A, P)

\rguments.

3

ependent.

xamples.

13.13.73 MODULO (A, P)

Arguments.

A

ace (1)
Ao

pescription.

I
(lass. Elemental function.
A

A

It

Result Type and Type Parameter. Same as A.

Result Value. If P # 0, the value of the result is AXINT (A/P) * P. If P = 0, the result|is processor
d

E

N

[Description.

(lass. Elemental function!

Result Type) and Type Parameter. Same as A.
Iesult Value.

LZ T
DIM = 2)is [1, 2].

|

Remainder function.

must be of type integer or real.

must be of the same type and kind type parameter as A.

MOD (3.0, 2.0) has the value>1.0 (approximately). MOD (8, 5). has the value 3.

MOD (-8, 5) has the value -3. MOD (8%5) has the value 3. MOD (-8, -5) has the value -3.

Modulo function:

must be of type integer or real.

must be of the same type and kind type parameter as A.

A is of type integer  1f P 2 0 MODUILIO (A P) has the wvalue R such that

Case (ii):

A = Q X P + R, where Q is an integer, the inequalities 0 < R < P hold if P > 0,
andP < R = Oholdif P < 0. If P = 0, the result is processor dependent.

A is of type real. If P # 0, the value of the result is A - FLOOR (A /P)*DP. If
P = 0, the result is processor dependent.

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 integer value as a sequence of bits is in
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 parameter valug¢ as
FROM and may be the same variable as FROM. It is an INTENT (INOUT)
argument. TO is set by copying the sequence of bits of length(LEN, starting at
position FROMPOS of FROM to position TOPOS of TQ. No other bit§ 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 FROMPOS had on enfry.
The model for the interpretation of an integer valuelas a sequence of bits if in
13.5.7.

TOPOS must be of type integer and nonnegative. ,It\is an INTENT (IN) argument.
TOPOS + LEN must be less than or equal™to BIT_SIZE (TO).

Example. | If TO has the initial value 6, the value of TO after‘the statement CALL MVBITS (7, 4 2,

TO, 0) is|s.

13.13.75 NEAREST (X, S)

Descriptign. Returns the nearest different machine representable number in a given direction.

Class. Elpmental function.

Arguments.

X must be of typereal.

S must be of type real and not equal to zero.

Result TI:e and Type Parameter. Same as X.

Result Vdlue. The result has a value equal to the machine representable number distinct from X fand

nearest td it in the-ditection 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 mode| at the 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. Performs a logical complement.

ass. blemental function.
rgument. | must be of type integer.
esult Type and Type Parameter. Same as I.

esult Value. The result has the value obtained by complementing 1 bit=by-bit according to the
following truth table:

I NOT (D
1 0
0 1

The model for the interpretation of an integer valueas'd sequence of bits is in 13.5.7.

Example. If I is represented by the string of bits 01010101, NOT (I) has the binary valug 10101010.

13.13.78 PACK (ARRAY, MASK, VECTOR)
Qptional Argument. VECTOR
Description. Pack an array into ap array of rank one under the control of a mask.

(Class. Transformational functién.

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 (optional) must be of the same type and type parameters as ARRAY and must have rank
one. VECTOR must have at least as many elements as there are {rue elements
in MASK. If MASK is scalar with the value true, VECTOR must fhave 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 same type
and type parameters as ARRAY. If VECTOR is present, the result size is that of VECTOR;
otherwise, the result size is the number t of true elements in MASK unless MASK is scalar with 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 are| as
defined in| 13.7.1 for the model representing real numbers with the same value for the kind) type
parameter|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...) ,=-¢ for rea] X
whose mogel is as at the end of 13.7.1.

13.13.80 PRESENT (A)
Description. Determine whether an optional argument is present.
Class. Inquiry function.

Argument| A must be an optional argument of the procedurein which the PRESENT functjon
reference gppears.

Result Tylf and Type Parameters. Default logical scalar,

Result Va
false.

e. The result has the value true if A is_pfésent (12.5.2.8) and otherwise has the value

13.13.81 PROQUCT (ARRAY, DIM, MASK)
Optional Arguments. DIM, MASK

Descriptioh. Product of all the elements’of ARRAY along dimension DIM corresponding to the tfue
elements of MASK.

Class. Transformational function:

Arguments.
ARRAY must be of type integer, real, or complex. It must not be scalar.
DIM (optjonal) 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 hot
be an optional dummy argument.

MASK (optional)  must be of type logical and must be conformable with ARRAY.

Result 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 (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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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/ %/ SDIM41s -+ Su) 1 ).

Examples.

Case (i): The value of PRODUCT ((/ 1, 2, 3 /)) is 6.

Uase (ii): PRODUCT (C, MASK = C .GT. 0.0) forms the product of the positive elefnents of C.

Clase (iii): If B is the array { } ., PRODUCT (B, DIM =1pD7is [2, 12, 30] and
PRODUCT (B, DIM ) is [15, 48].

13.13.82 RADIX (X)

Ekample.

13.13.43 RANDOM_NUMBER (HARVEST)

escription.
uhiform distributiori over the range 0 < x < 1.

escription.
phrameter as the argument.

ass. Inquiry function.
rgument.

sult Type, Type Parameter, and Shape. Default integer scalar.

RADIX (X) has the valte2 for real X whose model is as at the end of 13.7.1.

lass. Subroutine:

rgument,

Returns the base of the model representing numbérs of the same type and kind type

X must be of type integer or real. It may be scalar or array valued.

sult Value. The result has the value r if X is of type integer and the value b if X is ¢f type real,
here v and b are as defined in 13.7.15for the model representing numbers of the same type and
k|nd type parameter as X.

Returns one ‘pseudorandom number or an array of pseudorandom numbgrs from the

HARVEST must be of type real. It is an INTENT (OUT) argument. It may be a scalar

of an artay’variable. It is set to contain pseudorandom numbers from the uniform digtribution in

the inferval 0 <= x < 1.

Examples.

REAL X, Y (10, 10)

| 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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13.13.85 RANJ;E (X)

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 (optional) must be a default integer array of rank one and size = N. It is an
INTENT (IN) argument. It is used by the processor to set the seed value.

GET (optlional) must be a default integer array of rank one and size = N. It lis|an
INTENT (OUT) argument. It is set by the processor to the currentvalug of
the seed.

If no argument is present, the processor sets the seed to a processor-dependent value,
Examples.

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 currentseed

Descriptidn. Returns the decimal exponent range in the miodel representing integer or real numbers
with the same kind type parameter as the argument.

Class. Inguiry function.

Argument. X must be of type integer, real, or complex. It may be scalar or array valued.
Result 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 hugp 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 of complex argument, the result has the value INT (MIN (LOGI10 (huge),
-LOG10 (tiny))), where huge and tiny are the largest and smallest positive number$ in

the modél-representing real numbers with the same value for the kind type paraméter
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, sinc¢ in
this case fuge= (1—2"%*) X 2'7 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):

Case (ii):

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.
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 parameter is
the kind type parameter of A.

Case (i):

Case (ii):

13.13.B7 REPEAT (STRING, NCOPIES)

escription.

lass. Transformational function.

rguments.
TRING
COPIES

esult Value.

If A is of type integer or real, the result is equal to a pfocesspr-dependent
approximation to A.

If A is of type complex, the result is equal to a processor-dependent apprpximation to
the real part of A.

Examples. REAL (-3) has the value -3.0. REAL (Z) has the same kindtype parameter gnd the same
yalue as the real part of the complex variable Z.

Concatenate several copies of a string.

must be scalar and of type character.

must be scalar and.of type integer. Its value must not be negative,

esult Type, Type Parameter, and\Shape. Character scalar of length NCOPIES t{mes that of

TRING, with the same kind type.parameter as STRING.

esult Value. The value of the result is the concatenation of NCOPIES copies of STRING.

xamples. REPEAT ('H.,'2) has the value HH. REPEAT ('XYZ’, 0) has the value of & zero-length

tring.

13.13.88 RESHAPE (SOURCE, SHAPE, PAD, ORDER)
ptional Afguments. PAD, ORDER
escription.

lass>~Transformational function.

Constructs an array of a specified shape from the elements of a given array.

Arguments.

SOURCE may be of any type. It must be array valued. If PAD is absent 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 3.9
Examples.| RESHAPE ((/1, 2, 3, 4, 5 6/), (/2, 3/)) has the value { J

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)

Description. Returns the reciprocal of the relative spacing of model pumbers near the argumlent
value.

Class. Eldmental function.

Argument| X must be of type real.

Result Type and Type Parameter. Same as X.

Result Value. The result has the value | X X b ™| X &, where b, e, and p are as defined in 13.7.1
for the mddel representation of X.

Example. |RRSPACING (-3.0) has the value Q75 X 22 for reals whose model is as at the end| of
13.7.1.

13.13.90 SCALE (X, )
Descriptioh. Returns X X b' where'tis the base in the model representation of X.

Class. Eldmental function.

Arguments.
X must be of type real.
[ must be of type integer.

Result Type and/Type Parameter. Same as X.
Result VaW ers

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.

230


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

13.13.9

ISO/IEC 163

Class. Elemental function.

Arguments.

STRING must be of type character.

SET must be of type character with the same kind type parameter as ST

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 cont.

integer values n with —108 < n < 10X

lass. Transformational function.

rgument. R must be scalar. and of type integer.
esult Type, Type Parameter, and Shape. Default integer scalar.

esult Value. The restlt has a value equal to the value of the kind type parameter g
ta type that represents all values n in the range of values n with —108 < n < 10R, ¢
ind type parameter is available on the processor, the result is -1. If more than o
arameter meets the criteria, the value returned is the one with the smallest decimal exp
nless there\are several such values, in which case the smallest of these kind values is ref]

xample. SELECTED_INT_KIND (6) has the value KIND (0) on a machine that suppo
integer representation method with r = 2 and g = 31.

9 : 1991 (E)

RING.

ains at least

one character that is in SET, the value of the result is the position of fthe leftmost
character of STRING that is in SET.

{ase (ii): If BACK is present with the value true and if STRING containsat least ohe character
that is in SET, the value of the result is the position of the’ rightmost fharacter of
STRING that is in SET.

{ase (iii):  The value of the result is zero if no character of STRING-is in SET or if the length of
STRING or SET is zero.

Hxamples.

{ase (i): SCAN (FORTRAN'’, 'TR’) has the value 3.

(ase (ii): SCAN (FORTRAN', TR, BACK = .TRUE) has the value 5.

(ase (iii):  SCAN (FORTRAN', '‘BCD’) has the value 0.

2 SELECTED_INT_KIND (R)
Description. Returns a value of the kind\type parameter of an integer data type that rppresents all

f an integer
r if no such
e kind type
bnent range,
urned.

rts a default

13.13.93 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
there are several such values, in which case the smallest of these kind values is returned.

Example. SELECTED_REAL_KIND (6, 70) has the value KIND (0.0) on a machine that supports a
default real approximation method with b = 16, p = 6, e, = -64, and e, = 63.

Descriptipn. Returns the model number whose fractional part is the fractional partyof the mpdel

Class. Elemental function.

Arguments.
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 b and e are as defined in 13.7.1 for| the
model representation of X, provided this result is within range; if not, the result is processor
dependent. If X has value zero, the result has valuezero.

Example.] SET_EXPONENT (3.0, 1) has the value 1.5 for reals whose model is as at the eng of
13.7.1.
13.13.95 SHAPE (SOURCE)

Descriptipn. Returns the shape of @n‘array or a scalar.

Class. Inquiry function.

Argument. 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 bd an
assumed-fize array.

Result Type, Type Parameter, and Shape. The result is a default integer array of rank one whose
size is eqhal to-the rank of SOURCE.

Result Vdlue.,” 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)
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.

13.13.97 SIN (X)

Y fall e .
TIPUVUIL.  o1Nc TUlCUOIL.

(lass. Elemental function.

Argument. X must be of type real or complex.

esult Type and Type Parameter. Same as X.

esult Value. The result has a value equal to a processor-dependent approximation to|sin(X). If X

if of type real, it is regarded as a value in radians. If X is of type Complex, its real part is regarded
ds a value in radians.

Example. SIN (1.0) has the value 0.84147098 (approximately):

13.13.98 SINH (X)

Description. Hyperbolic sine function.

(lass. Elemental function.

Argument. X must be of type real.
esult Type and Type Parameter. Samelas X.
esult Value. The result has a value-equal to a processor-dependent approximation to s{nh(X).

Example. SINH (1.0) has the value 1.1752012 (approximately).

13.13.99 SIZE (ARRAY, DIM)
(Dptional Argument. DIM

Description. Returns the extent of an array along a specified dimension or the total number of
dlements in thevarray.

(lass. Inguiry function.

may be of any type It must not be scalar It must not be a pginter that is

2 v 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.

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)

13.13.101 SPREAD (SOURCE, DIM, NCOPIES)

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. SPACTING (3.0) has the value 2 -~ for reals whose model is as at the end of 13.7.1.

Description. Replicates an array by adding a dimension. Broadcasts several copiesiof SOUR(E
along a specified dimension (as in forming a book from copies of a single page) and.thus forms pn
array of rapk one greater.

Class. Transformational function.

Arguments

SOURCE may be of any type. It may be scalar or array valued. The rank of SOUR(CE
must be less than 7.

DIM must be scalar and of type integer with{yalue in the range 1 < DIM < n H1,
where n is the rank of SOURCE.

NCOPIES must be scalar and of type integer.

Result Type, Type Parameter, and Shape. The result is an array of the same type and type
parameters|as SOURCE and of rank n +1, where-ir'is the rank of SOURCE.

Case (i): If SOURCE is scalar, the shape of the result is (MAX (NCOPIES, 0)).

Case (ii): If SOURCE is array valued\with shape (d,, d,, ..., d,), the shape of the result is (4
d,, ..., dpm—1, MAX (NCOPIES, 0), dppm, ..., d,,).

Result Valye.
Case (i): If SOURCE is scalar, each element of the result has a value equal to SOURCE.

Case (ii): If SOURCE s array valued, the element of the result with subscripts (ry, 73, ..., 1, {1)
has the value SOURCE (rq, 75, ..., 'DIM~1, "DIM4+1/ «+-s Tn+1)-
2 3 4
Example. [f A 'isithe 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)

234

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
elements of MASK.

(lass. Transformationatl function.

Arguments.

ARRAY must be of type integer, real, or complex. It must not be-stalar.

[PIM (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 argumg¢nt must not
be an optional dummy argument.

HASK (optional)  must be of type logical and must be conformable with ARRAY.

esult Type, Type Parameter, and Shape. The result is of the-same type and kind tyge parameter
s ARRAY. It is scalar if DIM is absent or ARRAY has rank one; otherwise, the resulf is an array
f rank n —1 and of shape (d,, d5, ..., dpm—1. dpimM+al-... d,) where (d,, d,, ..., d,)|is the shape
f ARRAY.

O 0 & =

Result Value.
[

[ase (i): The result of SUM (ARRAY) has a value equal to a processqr-dependent
approximation to the sum oflall the elements of ARRAY or has the value zero if
ARRAY has size zero.

(Qase (ii):  The result of SUM (ARRAY, MASK = MASK) has a value equal to p processor-
dependent approximation to the sum of the elements of ARRAY correspopding to the
true elements of MASK or has the value zero if there are no true elements.

(Qase (iii):  If ARRAY has rank one, SUM (ARRAY, DIM [,MASK]) has a value equpl to that of
SUM (ARRAY [ MASK = MASK ]). Otherwise, the value of element|(s;, s, ...,
SDIM—1~5DIM4+ 1, ---» 5u) of SUM (ARRAY, DIM [, MASK]) is equal to SUM (ARRAY
(51, 52,]..., SDIM~=1+ s SDIM+1r +-+s 5,,) {, MASK= MASK (51, 53, ««o, SDIM-1+ : SDIM+1-
S 1),

Hxamples,
(ase (i) The value of SUM ((/ 1, 2, 3 /)) is 6.
Tase lii): SUM (C, MASK= C .GT. 0.0) forms the arithmetic sum of the positive elgments of C.

135
Case (iii):  1f B is the array {2 4 4 , SUM (B, DIM = 1)is |3, 7, 11} and SUM (B, DIM = 2) is

{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.
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.

COUNT_RATE (optional)
must be scalar and of type default integer It i an INTENT (OUT) argument.
It is set to the number of processor clock counts per second, or to zero ifsthere
is no clock.

COUNT_MAX (optional)
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 tolzero if there i no
clock.

Example. | If the processor clock is a 24-hour clock that registers time in 1-second intervals, at 11:30
aM. the reference

CALL SYSTEM_CLOCK (COUNT = C, COUNT_RATE = R, COUNT_MAX = M)
sets C = [11 X 3600 + 30 X 60 = 41400, R = 1, and M = 24.X 3600 - 1 = 86399.

13.13.105 TAN (X)
Descriptipn. Tangent function.
Class. Elpmental function.
Argumen}. X must be of type real.
Result Tyjpe and Type Parameter. Same as.X.

Result Value. The result has a value équal to a processor-dependent approximation to tan(X), yvith
X regardqd as a value in radians.

Example.| TAN (1.0) has the value 1.5574077 (approximately).

13.13.106 TANH (X)

Descriptipn. Hyperbolic tangent function.

Class. Elemental\function.

Argumenlt. /X\must be of type real.

4 Qo V4
. IdIlc d5 A.

Result Value. The result has a value equal to a processor-dependent approximation to tanh(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 for the

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.

13.13.108 TRANSFER (SOURCE, MOLD, SIZE)

Optional Argument. SIZE

interpreted with the type and type parameters of MOLD.

(lass. Transformational function.

rguments
$OURCE may be of any type and may be scalar or array valued.
MOLD may be of any type and may be scalar or array(valued.

IZE (optional) must be scalar and of type integer. The corresponding actual ar

not be an optional dummy argument.

Result Type, Type Parameter, and Shape. The result is of the same type and type p|

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
one. Its size is as small as possible such that its physical representation i
than that of SOURCE.

Qase (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
he physical representation of‘\the result is that of SOURCE. If the physical represen

$OURCE and the remainder is undefined. If the physical representation of the result is
hat of SOURCE, the physical representation of the result is the leading part of SOUR(
are scalar variables such that the physical representation of D is as long as or longer
, the value of TRANSFER (TRANSFER (E, D), E) must be the value of E. IF D is an a
dn array of rank-one, the value of TRANSFER (TRANSFER (E, D), E, SIZE (E)) must

1.

OURCE but

Pument must

arameters as

and of rank
not shorter

bf SOURCE,
ation of the

esult is longer than that of0SOURCE, the physical representation of the leading pajt is that of

shorter than
E. If D and
than that of
rray and E is
be the value

(Case (i) TRANSFER presents the
ratres4-0-and-1082120432asthe-stringof binary-digits 6100-00001000-60 DO 0000 0000
0000 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 (iii):  TRANSFER ((/ 1.1, 2.2, 3.3 /), (/ (0.0, 0.0) /), 1) has the value [1.1 + 2.21].
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13.13.109 TRANSPOSE (MATRIX)

13.13.110 TRI

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.

Result Value
1,2,.. m.

. Element (i, j) of the result has the value MATRIX (j, i), i = 1,2,...,n;, | =

123 147
Example. [If A is the array |4 5 6|, then TRANSPOSE (A) has the value |2 5 8
7 89 369

Descripti

Class. Trans

Argument] STRING must be of type character and must be a scalar,

(STRING)

. Returns the argument with trailing blank characters removed.

formational function.

Result Type and Type Parameters. Character with the same kind{type parameter value as STRING

and with g le

Result Vdlue
removed. | If

Example. [TRIM (" A B ') has the value " A B'.

13.13.111 UBOUN

238

Optional Argument. DIM

Description.
Class. InTuiry function.

ngth that is the length of STRING less the number of trailing blanks in STRING.

. The value of the result is the same as.STRING except any trailing blanks Jare
STRING contains no nonblank charactersthe result has zero length.

D (ARRAY, DIM)

Returns all the upper bounds of an array or a specified upper bound.

Argumentst.

ARRAY may bé of any type. It must not be scalar. It must not be a pointer thalt 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 (optlond}) must be scalar and of type integer with a value in the range 1 < DIM < n,

ARD AN

Result Type,

1 . +1 1 £ Tl - + 1 + -
WIICIC 1T IS I TdIIK UL ZAAININAAL 1T CUT ltprIlulllB dlludl dl suulcuL IITUSL llot
be an optional dummy argument.

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)

Description. Unpack an array of rank one into an array under the control of a mask.

Class. Transformational function

Arguments.

VECTOR may be of any type. It must have rank one. Its size must,be at lehst t where ¢
is the number of true elements in MASK.

e

MASK must be array valued and of type logical.

o al

[ELD must be of the same type and type parameters“as VECTOR and must be
conformable with MASK.

esult Type, Type Parameter, and Shape. The result is an“array of the same type and type
arameters as VECTOR and the same shape as MASK.

esult Value. The element of the result that corresponds(to the ith true element of MAPK, in array
ement order, has the value VECTOR (i) for i = 142,V.., t, where ¢ is the number of tfue values in
MASK. Each other element has a value equal to FIELD if FIELD is scalar or to the cqrresponding
ement of FIELD if it is an array.

| o 4 H~ ¢ HL-» e & Lo |

xamples. Specific values may be “scattered“to specific positions in an array by using UNPACK,
100 T

M is the array |0 1 01, V is theNarray [1, 2, 3], and Q is the logical mask | T .| . |, where
001 T

“[” represents true and “.” “fepresents false, then the result of UNPACK (V, NIASK = Q,

1T 20

HELD = M) has the value |1 1 0| and the result of UNPACK (V, MASK = Q, FIELD = 0) has

003

Pt

026
ne value | 1«00
6.0 3

[ad

13.13.113,VERIFY (STRING, SET, BACK)
Optiomat-Argument—BACK
Description. Verify that a set of characters contains all the characters in a string by identifying the

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):

Case (iii):

Examples.

Case (i):
Case (ii):

Case (iii):

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
STRING that is not in SET.

The value of the result is zero if each character in STRING is in SET or if STKING 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 may be 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).

By means of association, an entity may be referred to by the same identifier or a different identifier in a
differg¢nt scoping unit, or by a different identifier in the same scoping gnit.

14.1 [Scope of names

Named entities are global, local, or statement entities.

14.1.1] Global entities

Progrhm units, common blocks, and external procédures are global entities of an executable[program. A
name|that identifies a global entity must not be used to identify any other global entity|in the same
execufable program.

14.1.2 Local entities
Withih a scoping unit, entities in the following classes:

1) Named variables that’are not statement entities (14.1.3), named constants, named constructs,
statement functions, internal procedures, module procedures, dummy procedyres, intrinsic
procedures, generic identifiers, derived types, and namelist group names,

2) Type components, in a separate class for each type, and
3) Argunient keywords, in a separate class for each procedure with an explicit interfgce
are lofal entities of that scoping unit.

Except $fdr a common block name (14.1.2.1) or an external function name (14.1.2.2), b name that
identiffes—aglobatentity Trmascopimgumitmustmot-beused—toTderntity atocatentity of <lass (1) in that
scoping 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

A = SIN (K)
CONTAINS
FUNCTION SIN (X)

END FUNCTION SIN

END SUBROUTINE

SuB -

any reference to function SIN in subroutine SUB refers to the internal function SIN, not to the intrinsic

function of the s

ame name.

The name of a |
global entity in

14.1.2.1 Common blocks

A common blogd
constant, intrin
subprogram. If
in any context

the local entity.
that does not re

14.1.2.2 Funct

For each FUNC]
If there is no 1
otherwise, the r

14.1.2.3 Unambiguous generic procedure references

This subsection
same generic n
generic referencs
rules apply as
combination of
procedure is acg

inaccessible by their specific names-

Within a scopi
arguments or bd
the argument 1

parameter, or different,rank.

pcal entity identifies that entity in a scoping unit and may be used to identify any lecal
pnother scoping unit.

k name in a scoping unit also may be the name of any local entity other than a nam
sic procedure, or a local variable that is also an external function in a funct
a name is used for both a common block and a local entity, the appearance of that na

Note that an intrinsic procedure name may be a common block name in a scoping u
Ference the intrinsic procedure.

on results

[ION statement or ENTRY statement in a functionssubprogram, there is a result variab
RESULT clause, the result variable has the same name as the function being defin
psult variable has the name specified in the JRESULT clause.

contains the rules that must be satisfied by every pair of specific procedures that have
nme, have the same generic operator, or both define assignment. They ensure tha
is unambiguous. When an (ntrinsic procedure, operator, or assignment is extended,
if the intrinsic consisted| of 'a collection of specific procedures, one for each allow
type, kind type parameter, and rank for each argument or operand. When a gene
essed from a modulé&-the rules apply to all the specific versions even if some of them

\g unit, if two ‘procedures have the same generic operator and the same number
th define-assignment, one must have a dummy argument that corresponds by position
st to asddmmy argument of the other that has a different type, different kind ty

or

ed
on
e

bther than as a common block name in a COMMON or SAVE statement identifies oply

nit

he

he
ed
ric
hre

of
n

pe

th

Within a scopin

b uhit, two procedures that have the same generic name must both be subroutines or b

be functions, an

oy

d at least one of them must have a nonoptional dummy argument that

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
END INTERFACE

ISO/IEC 1539 : 1991 (E)

satisfy [rules (1) and (2). However, if ] were declared REAL, rule {I) would not be satisfied W

remaink satisfied; in this case, the reference to A in the statement
CALL A (0.O)

would be ambiguous.

14.1.2.4 Resolving procedure references

The rufes for interpreting a procedure reference depend on whether the-procedure name in the
established by the available declarations and specifications to be generic-in the scoping unit cg
referene, is established to be only specific in the scoping unit“\containing the reference
establighed.

oy

A procedure name is established to be generic in@ s$coping unit:

(d)

if that scoping unit contains an interface’block with that name;

hile rule (2)

reference is
ntaining the
, or is not

if that scoping unit contains an INTRINSIC attribute specification for that name and it is

the name of a generic intrinsic préocedure;

if that scoping unit contains-a USE statement that makes that procedure name accessible

and the corresponding name-in the module is established to be generic; or

if that scoping unit contains no declarations of that name, that scoping unit
in a host scoping umit;"and that name is established to be generic in the host s

is contained
Coping unit.

A procedure name is\established to be only specific in a scoping unit if it is established to be
specific and not established to be generic. It is established to be specific:

r statement

me and if it

(a) if that scoping unit contains an interface body with that name;

(b) if that: scoping unit contains a module procedure, internal procedure, q
fanetion with that name:

(c)—\if that scoping unit contains an INTRINSIC attribute specification for that na
is the name of a specific intrinsic procedure;

(d)if that scoping unit contains an EXTERNAL attribute specification for that na

ne;

if that scoping unit contains a USE statement that makes that procedure name accessible

and the corresponding name in the module is established to be specific; or

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 scoping

unit.

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
corresponding name is specified to have the INTRINSIC attribute, and if the reference is
consistent with the interface of that intrinsic procedure, the reference is to that intrinsic
prockdure. Note thaf, in the USE statement case, 1t is possible, because of the renanjing
faciljty, for the name in the reference to be different from the name of the intrinsic procedute.

If (1) and (2) do not apply, if the scoping unit is contained in a host scoping unit, if\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
subrputine 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 fiame of a generic intripsic
prodedure, the reference must be consistent with the interface of\that intrinsic procedure, ind
the feference 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 the’name is the name of a dummy argumnjent
of that subprogram, the dummy is a dummy_pfécedure and the reference is to that dumjmy
prodedure. That is, the procedure invoked“by 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
namje and if (1) does not apply, the reference is to an external procedure with that name.

If tHe scoping unit contains a medule subprogram, internal subprogram, or statement funcfion
witH the name, the reference is_fo the procedure so defined.

If t}r scoping unit containssan INTRINSIC attribute specification for the name, the referende is
to the intrinsic with thatname.

If tHe scoping uniticontains a USE statement that makes a procedure accessible by the name,
the [reference i§)to that procedure. Note that because of the renaming facility of the USE
stat¢ment, tHe name in the reference may be different from the original name of the proceddre.

If n¢ne of the above apply, the scoping unit must be contained in a host scoping unit, and|the
refefence’is resolved by applying the rules in this section to the host scoping unit.

Resolving procedure references 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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14.1.25 Components

If (1) and (2) do not apply, the reference is to an external procedure with that name.

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

struct

ures of that type in that scoping unit.

14.1.2.6 Argument keywords

A duthmy argument name in an internal procedure, module procedure, or a procedure interfgce block has

a scopje as an argument keyword of the scoping unit of its host. As an argument keyword, i
only in a procedure reference for the procedure of which it is a dummy argument. plf’the
ure interface block is accessible in another scoping unit by use association .or hosgt association
|.2), the argument keyword is accessible for procedure references for that¢procedure in|that scoping

proce
(14.6.
unit.

14.1.3| Statement entities

The nme of a variable that appears as a dummy argument in a statement function statemen
of the| statement in which it appears. It has the type and type patameters that it would have

name

The rfame of a variable that appears as the DO variable-6f Jan implied-DO in a DATA sta

array
have

The nfame of a statement entity also may be the mame of a global or local entity in the same

in thi

14.2
A lab

14.3

An exfternal input/output unit is a global entity.

14.4

The i
operal

14.5

of a variable in the scoping unit that includes the statement/function.

constructor has a scope of the implied-DO list. «It“has the type and type parameter

case, the name is interpreted within the‘statement as that of the statement entity.

Scope of labels

Scope of external input/output units

Scope of operators

wtrinsio operators are global entities. A defined operator is a local entity. Within a sc
tor may identify additional operations as specified by the rules for generic operators (12

b] is a local entity. No two'statements in the same scoping unit may have the same label.

may appear
procedure or

t has a scope
if it were the

tement or an
hat it would

f it were the name of a variable in the scopingyunit that includes the DATA statenjent or array
constijuctor and this type must be integer.

scoping unit;

bping unit an
.3.2.1).

Scope of the assignment symbol

The assignment symbol is a global entity. Within a scoping unit the assignment symbol may identify
additional assignment operations as specified by the rules for generic assignment (12.3.2.1).

14.6

Association

Two entities may become associated by name association, pointer association, or storage association.
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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. Argument association may be sequence association (12.4.1.4).

The name of the dummy argument may be different from the name, if any, of its associated actual

argument. (Not

simply a variab
argument is kng

Upon terminati

reference are tg

different actual

14.6.1.2 Use dassociation and host association

Use association

rules for use ass

The rules for hg

Use association

unit and remainfs in effect throughout the execution of the executable program.

14.6.2 Pointer

Pointer associat
pointer, At dif

with different t

pointer is assoq
depending on tH

14.6.2.1 Pointer association status
The pointer assq

Asso

(1)
(a)

(b)

(a)
(b)
(c)

(a)
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fe or constant.) The dummy argument name is the name by which the associated-act
wn, and by which it may be accessed, in the referenced procedure.

bn of execution of a procedure reference, all argument associations established by t

hrgument in a subsequent invocation of the procedure.

ociation are given in 11.3.2. They allow for the renamingof the entities being accessed
st association are given in 12.1.2.2.1.

or host association allows access in one scoping unit-to entities defined in another scop

association

on between a pointer and a target allows the target to be referenced by a reference to
ferent times during the execution of‘a program, a pointer may be undefined, associa
hrgets, or be disassociated. Thetinitial association status of a pointer is undefined. 1
iated with a target, the definition status of the pointer is either defined or undefin
e definition status of the target.

pciation status of a pointer is one of following:
riated: a poifiter becomes associated when

The poifter is allocated (6.3.1) as the result of the successful execution of an ALLOCA
statement referencing the pointer, or

The/pointer is pointer-assigned to a target (7.5.2) that is associated or is specified W

b that an actual argument may be a nameless data entity, such as an expression that is f

rminated. A dummy argument of that procedure may be associated pwith an entir|

is the association of names in different scoping units specified-by a USE statement. 1

ot
1a)

hat
ely

'he

ng

he
ted
f a
bd,

TE

ith

the TARGET attribute and, it allocatable, is CUrrentty aljocated.

Disassociated: a pointer becomes disassociated when

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

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 become
undefined (6.3.3.2, item (4) of 14.7.6).

14.6.2.2 Pointer definition status

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

(14.7).

14.6.2.

Relationship between association status and definition status

If the association status of a pointer is disassociated or undefined, the pointer must not'be rpferenced or
deallodated. Whatever its association status, a pointer always may be nullified,callocated| or pointer
assigngd. A nullified pointer is disassociated. When a pointer is allocated, iv becomes aspociated but
undefified. When a pointer is pointer assigned, its association and definition status are deterfnined by its

target.

14.6.3

Storag
result
or mof

14.6.3.

A stor.
units i
unsped

In a st

(

b

)

P>
~—

Storage association

I Storage sequence

brage association context:

sequences are used to describe relationships that exist amtong variables, common [blocks, and
Lariables. Storage association is the association of two,orlmore data objects that occufs when two
e storage sequences share or are aligned with one or morte storage units.

hge sequence is a sequence of storage units. The size of a storage sequence is the numbegr of storage
h the storage sequence. A storage unit is‘a“character storage unit, a numeric storagel unit, or an
ified storage unit. :

A nonpointer scalar object ‘of type default integer, default real, or default logical occupies a
single numeric storage unit:

A nonpointer scalar“object of type double precision real or default complex dccupies two
contiguous numefic storage units.

A nonpointer\scalar object of type default character and character length one gccupies one
character storage unit.

A nonpointer scalar object of type default character and character length len pccupies len
contiguous character storage units.

AJ nonpointer scalar object of type nondefault integer, real other than default or double
drecision, nondefault logical, nondefault complex, nondefault character of any length, or

nonsequence type occupies a single unspecified storage unit that is ditterent for each case.

A nonpointer array of intrinsic type or sequence derived type occupies a sequence of
contiguous storage sequences, one for each array element, in array element order (6.2.2.2).

A nonpointer scalar object of sequence type occupies a sequence of storage sequences
corresponding to the sequence of its ultimate components.

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
(j + k)th storage wunit of s, for each integer k such that 1 =i+k < sizeofs, and
1 < j+k < size of s,.

Storage associgtion also is defined between two zero-sized storage sequences, and between a zero-sjzed
storage sequenfe and a storage unit. A zero-sized storage sequence in a sequence of storage sequences is
storage associated with its successor, if any. If the successor is another zero-sized storage sequeénce,|the
two sequences |are storage associated. If the successor is a nonzero-sized storage sequence;, the zero-sjzed
sequence is stofage associated with the first storage unit of the successor. Two storage units’that are ¢ach
storage associafed with the same zero-sized storage sequence are the same storage unit.

14.6.3.3 Assc:riaﬁon of scalar data objects

Two scalar ddta objects are storage associated if their storage sequences.are storage associated. Two
scalar entities |are totally associated if they have the same storage sequence. Two scalar entities|are
partially associated if they are associated without being totally associated.

The definition|status and value of a data object affects the definition status and value of any stotage
associated entity. An EQUIVALENCE statement, a COMMON\statement, or an ENTRY statement may
cause storage gssociation of storage sequences.

An EQUIVALENCE statement causes storage association(ef data objects only within one scoping ynit,
unless one 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 $coping unit to become storage associated with data
objects in another scoping unit.

A named comjmon block is permitted to eontain a sequence of differing storage units provided ¢ach
scoping unit that accesses the common block specifies an identical sequence of storage units. The sphme
rule applies to [blank common blocks. .Ifthe sizes of the two blank common blocks differ, the sequende of
storage units ¢f the shorter blockemust be identical to the initial sequence of the storage units of| the
longer block.

An ENTRY stdtement in a function subprogram causes storage association of the result variables.
Partial associafion 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) Anobj OUble precision real, OF NUMETIC Sequence type and an object of
default 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.
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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
—-——=C(1)———=|-—-C(2)——-
A1) AR AG) AL)
__B__
______ D______

A (2)|and B are totally associated. The following are partially associated: A (1)yand C (1), A (2) and
C(2)]A@3)and C(2), Band C(2), A(1)and D, A(2) and D, B and D, C (1)and D, and|C (2) and D.
Note [that although C (1) and C (2) are each storage associated with D, C (Ihand C (2) arp not storage
assoclated with each other.

Partigl association of character entities occurs when some, but not all, 'of the storage units ¢f the entities
are the same. In the example:

CHARACTER Ax&4, Bx4, Cx3
EQUIYALENCE (A (2:3), B, C)

A, B,|and C are partially associated.

14.7 |Definition and undefinition of variables

A vaijiable may be defined or may be undefined\and its definition status may change during| execution of
an expcutable program. An action that causes a variable to become undefined does not irhply that the
variable was previously defined. An action that causes a variable to become defined does npt imply that
the variable was previously undefined,

14.7.1 Definition of objects.and subobjects

Arrayfs, including sections, and variables of derived, character, or complex type are objects that consist of
zero ¢r more subobjects, SAssociations may be established between variables and subobjects|and between
subobjects of different-variables. These subobjects may become defined or undefined.

1) An objectVs defined if and only if all of its subobjects are defined.

2) If an object is undefined, at least one (but not necessarily all) of its subobjects are jundefined.

14.7.2 Variables that are always defined

Zero-Sizedarrays and zero-tength strings are always defined:

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

defin

ed.

Execfition of a masked array assignment stalement may cause some or all of the array eleme]

in th

As e
inpuf

Execgition of a WRITE statement whose unit specifier identifies an internal %ile” causes ea

recor

Execyition of a DO statement causes the DO variable, if any, to become.défined.

Begir
state

Execu

value,

A ref
the ¢

A re
corre

Exectition of an input/output statement containing an input/output IOSTAT = specifier cayl

the s

b assignment statement to become defined (7.5.3).

kecution of an input statement proceeds, each variable that is assigned a value‘from
file becomes defined at the time that data is transferred to it. (See (5).in 14.7.

d that is written to become defined.

ning of execution of the action specified by an implied-DO-ist in an input/outj
ment causes the implied-DO variable to become defined.

ion of an ASSIGN statement causes the variable in the statement o bécome defined with a statement 1|

erence to a procedure causes the entire dummy argument data object to become defined
ntire corresponding actual argument is defined With a value that is not a statement label.

erence to a procedure causes a subobject 0fa’dummy argument to become defined if
sponding subobject of the corresponding.actual argument is defined.

becified integer variable to become defined.

Exec
vari

Exec
exect

Whe
defin

Whe
type

undefil

tion of a READ statement-containing a SIZE= specifier causes the specified inte
le to become defined.

tion of an INQUIRE\statement causes any variable that is assigned a value during
tion of the statementto become defined if no error condition exists.

W a character stordge unit becomes defined, all associated character storage units beco

ed.

N\ a numéric¢ storage unit becomes defined, all associated numeric storage units of the sa
become "defined, except that variables associated with the variable in an ASSIGN statement bec
hed when the ASSIGN statement is executed. When an entity of double precision real ty

nts
he
ch
but
bel

if
he
Ses
ber
he
me

me

me

rpe

beco

mes ‘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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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 becomes

defined.

Execution of an ALLOCATE or DEALLOCATE statement with a STAT = specifier causes the

variable specified by the STAT = specifier to become defined.

Allocation of a zero-sized array causes the array to become defined.

Invocation of a procedure causes any automatic object of zero size in that procedure to become

defined.

(18) Execution of a pointer assignment statement that associates a pointer with a target that is

1)

2)

—defined-causes-the pointer to-become-defined

Events that cause variables to become undefined

bles become undefined as follows:

When a variable of a given type becomes defined, all associated pvariables of ¢
become undefined. However, when a variable of type default real is partially as
a variable of type default complex, the complex variable does‘not become undefix
real variable becomes defined and the real variable does\not become undefin
complex variable becomes defined. When a variable (ofy type default comple

ifferent type
ociated with
ed when the
ed when the
is partially

associated with another variable of type default complex; definition of one does ot cause the

other to become undefined.

Execution of an ASSIGN statement causes the variable in the statement to become undefined as an in
that are associated with the variable also become undefined:

If the evaluation of a function may causeé an argument of the function or a 1
module or in a common block to becomé defined and if a reference to the functig
an expression in which the value of the function is not needed to determine the
expression, the argument or variable becomes undefined when the expression is ev

The execution of a RETURN-statement or an END statement within a subprogra
variables local to its scoping unit or local to the current instance of its scopin
recursive invocation to become undefined except for the following:

(a) Variables with the SAVE attribute.

(b) Variablesiin'blank common.

(c) Variables in a named common block that appears in the subprogram and
least 6ne other scoping unit that is making either a direct or indirect refe
subprogram.

{(d)> Variables accessed from the host scoping unit.

(e)

Variables accessed from a module that also is referenced directly or indirect

eger. Variables

yariable in a
n appears in
value of the
nluated.

m causes all
g unit for a

ppears in at
rence to the

y by at least

1 . . PR M 1 1 nE el £
UIIT OLET SLOUPII . UlIL UIdU 15 IHTldRIITy erthrer—a ull!‘.’Lt or—mcirect——rete

subprogram.

(f)

been subsequently defined or redefined.

When an error condition or end-of-file condition occurs during execution

ence to the

Variables in a named common block that are initially defined (14.7.3) and that have not

of an input

statement, all of the variables specified by the input list or namelist-group of the statement

become undefined.

When an error condition, end-of-file condition, or end-of-record condition occurs during

execution of an input/output statement, some or all of the implied-DO variables
undefined (9.4.3).

may become
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14.8 Allocgtion status

(7)

(8)

9)

(10)

(15)

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
become undefined.

undgfined unless the undefinition is a result of defining an associated numeric storage umit of
diffgrent type (see (1) above).

When an entity of double precision real type becomes undefined, all totally associated entjties
of double precision real type become undefined.

Wheén an unspecified storage unit becomes undefined, all associated unspecified storage ynits
becgme undefined.

A reference to a procedure causes part of a dummy argument to become undefined if) the corresponding part of the
actugl argument is defined with a value that is a statement label value.

When an allocatable array is deallocated, it becomes undefified. Successful execution of an
ALIOCATE statement causes the allocated array to become<undefined.

Exefution of an INQUIRE statement causes all inquiry “specifier variables to become undefjned
if an error condition exists, except for the variable in\the IOSTAT = specifier, if any.

When a procedure is invoked:

(a) | An optional dummy argument that\is 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) becqmes
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.

WHhen the association status of a pointer becomes undefined or disassociated (6.3), the pointer
becpmes undefined.

The allocation status of an allocatable array is one of the following at any time during the execution of
an executable program:

252

@
(2)

(3)

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.

A reference in parentheses immediately after a term is to the section where the term is

defined or explained. The wording of a definition here is not necessarily the same as in the International

Standard. Wh

the term in tha
action statemer

actual argumen
specified in a p
allocatable arr:
space allocated

argument (12)

argument assoq
during the exeqg

argument keyw
the equals sym

array (2.4.5) :
are arranged in
a function val

named and nett

bre the definition uses a term that 1s itseit defined in this glossary, the first occurrencg
definition is printed in italics.

t (2.1) : A single statement specifying a computational action (R216).

t (12.4.1) : An expression, a variable, a procedure, or an alternate returrn specifier thg
rocedure reference.

iy (5.1.2.4.3) : A named array having the ALLOCATABLE attribute;” Only when it
for it does it have a shape and may it be referenced or defined.

An actual argument or a dummy argument.

iation (14.6.1.1) : The relationship between an actual argument and a dummy argun
ution of a procedure reference.

bol (R1211) provided the procedure has an explicit interface.

A set of scalar data, all of the same type anditype parameters, whose individual elems
a rectangular pattern. It may be a named-\array, an array section, a structure compon
, or an expression. lts rank is at least-one. Note that in FORTRAN 77, arrays were alwj
r constants.

of

tis

has

ent

ord (2.5.2) : A dummy argument name. It may be‘Used in a procedure reference ahead of

Pnits
brit,
ays

array element (2.4.5, 6.2.2.1) : One of the scaldr-data that make up an array that is either named or |is a
structure comppnent.

array pointer ($.1.2.4.3) : A pointer to an_array.

array section (4.2.2.3) : A subobject-that is an array and is not a structure component.

array-valued : Having the property of being an array.

assignment statement (7.5,1°1): A statement of the form "variable = expression”.

association (14/6) : Nawme ussociation, pointer association, or storage association.

assumed-size ual

argument. Its

Tray (5.1.2.4.4) : A dummy array whose size is assumed from the associated ac

astupper bound is specified by an asterisk.

attribute (5) : A property of a data object that may be specified in a type declaration statement (R501).

automatic data object (5.1) : A data object that is a local entity of a subprogram, that is not a dummy
argument, 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 that are particular to the construct, and treated as an integral unit.

254


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

ISO/IEC 1539 : 1991 (E)

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
arguments, and the characteristics of its function result if it is a function.

2) Of a dummy argument, whether it is a data object, is a procedure, or has the OPTIONAL
attribute.

3) Of a data object, its type, type parameters, shape, the exact dependence of ‘an arfay bound or
the character length on other entities, intent, whether it is optional, whether it is 4 pointer or a
target, and whether the shape, size, or character length is assumed.

4) Of a dummy procedure, whether the interface is explicit, the characteristics of the procedure if
the interface is explicit, and whether it is optional.

5) Of a function result, its type, type parameters, whether it(i5a pointer, rank if it|is a pointer,
shape if it is not a pointer, the exact dependence of an drray bound or the charadter length on
other entities, and whether the character length is assumed.

charagter string (4.3.2.1) : A sequence of characters numbered(from left to right 1, 2, 3, . . .

charagter storage unit (14.6.3.1) : The unit of storage forcholding a scalar that is not a poirfter and is of
type default character and character length one.

collating sequence (4.3.2.1.1) : An ordering of dll) the different characters of a particular kind type
paranjeter.

common block (5.5.2) : A block of physical’storage that may be accessed by any of the scaping units in
an exacutable program.

compénent (4.4) : A constituent of ajderived type.

conformable (2.4.7) : Two arrays.are said to be conformable if they have the same shape| A scalar is
conformable with any array.

confofmance (1.4) : Anexecutable program conforms to the standard if it uses only thode forms and
relatignships described” tHerein and if the executable program has an interpretation accdrding to the
standdrd. A progrdwm .unit conforms to the standard if it can be included in an executable program in a
manng¢r that allgws the executable program to be standard conforming. A processor conforms to the
standgrd if it{ executes standard-conforming programs in a manner that fulfills the interpretations
prescriibed in-the standard.

connegted (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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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 (eit

her

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
intrinsic type, the set of data values depends on the values of the type parameters.

datum : A sing]

definable (2.5.4
designator on t
example of a d
when C is an a

defined (2.5.4)

. l £ ol fied foritod .

: A variable is definable if its value may be changed by the appearance of its namg¢
he left of an assignment statement. An allocatable array that has not been allocated i
hta object that is not definable. An example of a subobject that is not definable is C
ray that is a constant and | is an integer variable.

For a data object, the property of having or being given a valid value:

defined assignment statement (7.5.1.3) : An assignment statement that is not\an/intrinsic assignment

statement and i

defined operati
that is associat¢

deleted feature
unused. No fe
as an obsolesce

derived type (2
of another deri}

designator : Seq

disassociated (2
statement, or fq

dummy argu

parenthesized list following the procedure name in a FUNCTION statement, a SUBROUTINE statemg

an ENTRY stat
dummy array :
dummy pointer
dummy proced

elemental (12.4
statement that

b defined by a subroutine and an interface block that specifies ASSIGNMENT (=).

d with a generic identifier.

(1.6) : A feature in FORTRAN 77 that is considered-to) have been redundant and larg
htures in FORTRAN 77 have been deleted from the standard. Note that a feature designg
ht feature in the standard may become a deleted-feature in the next revision.

4.1.2, : A type whose data have components/ each of which is either of intrinsic typd
red type.

subobject designator.

.14.6) : A pointer is disassociated following execution of a DEALLOCATE or NULL
llowing pointer association with a disassociated pointer.

ent (12.5.2.2, 12.5.2.3, 12.5:2.5, 12.5.4) : An entity whose name appears in

ement, or a statement function statement.

A dummy argument that is an array.

: A dummy, argument that is a pointer.

hire (12.132.3) : A dummy argument that is specified or referenced as a procedure.

3,12.4.5) : An adjective applied to an intrinsic operation, procedure, or assignm
is\applied independently to elements of an array or corresponding elements of a set

bn (7.1.3) : An operation that is not an intrinsic operation_and is defined by a funcfiion

ely
ted

or

[FY

the
nt,

ent
of

conformable arrays and scalars.

entity : The term used for any of the following: a program unit, a procedure, an operator, an interface
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 state
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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.

external file (9.2.1) : A sequence of records that exists in a medium external to the executable program.

externjal procedure (2.2.3.1) : A procedure that is defined by an external subprogram or by.a| means other
than Hortran.

external subprogram (2.2) : A subprogram that is not contained in a main program, modul¢, or another
subprpgram. Note that a module is not called a subprogram. Note that in FORTRAN 77, h block data
program unit is called a subprogram.

externial unit (9.3) : A mechanism that is used to refer to an external file. At\is identified by a| nonnegative
integel.

file (9|2) : An internal file or an external file.
functipn (2.2.3) : A procedure that is invoked in an expression.
functipn result (12.5.2.2) : The data object that returns the ¥alue of a function.

functipn subprogram (12.5.2.2) : A sequence of statements*beginning with a FUNCTION statpment that is
not in|an interface block and ending with the corresponding END statement.

generif identifier : A lexical token that appears in~an INTERFACE statement and is associated with all the
procedlures in the interface block.

globall entity (14.1.1) : An entity identified\by a lexical token whose scope is an executable [program. It
may He a program unit, a common block, or an external procedure.

.2.3.3) : A main program or‘subprogram that contains an internal procedure is called the host of
ernal procedure. A module that contains a module procedure is called the host of the module

1, or derived

d to have an
hce block, a

he principal

argurientother than the value of the argument.

intent (12.5.2.1) : An attribute of a dummy argument that is neither a procedure nor a pointer, 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
specification.

invoke (2.2.3) :

(1) To cpll a subroutine by a CALL statement or by a defined assignment statement.

(2) To qall a function by a reference to it by name or operator during the evaluatior of|an
expression.

keyword (2.5.2) : Statement keyword or argument keyword.

kind type paratheter : A parameter whose values label the available kinds of an intrinsié type.
label : See statement label.

length of a chagacter string (4.3.2.1) : The number of characters in the character string.
lexical token (3]2) : A sequence of one or more characters with an indivisible interpretation.
line (3.3.1) : A pource-form record containing from 0 to 132 charactérs,

literal constant|(2.4.4) : A constant without a name. Note that\in FORTRAN 77, this was called simply a
constant.

local entity (14]1.2) : An entity identified by a lexical token.whose scope is a scoping unit.
main program {2.2.2, : A program unit that is not a module, 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 mpre
elements with the same value.

module (2.2.4, | A program unit that contains or accesses definitions to be accessed by other program
units.

module procedyre (2.2.3.2) : A profedure that is defined by a module subprogram.

module subprdgram (2.2) : A (subprogram that is contained in a module but is not an intefnal
subprogram.

name (3.2.2) : A lexical d(oken consisting of a letter followed by up to 30 alphanumeric characters (letters,
digits, and undé¢rscores)» Note that in FORTRAN 77, this was called a symbolic name.

name associati(1n (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 FORTRAN 77, this was called 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.

pointer assignment (7.5.2) : The pointer association of a pointer with a target by the execution of a
pointdr assignment statement or the execution of an assignment statement for a data objett of derived
type Having the pointer as a subobject.

pointdr assignment statement (7.5.2) : A statement of the form “pointer-name = > target”.

pointer associated (6.3, 7.5.2) : The relationship between a pointer and a target followimg a pointer
assignment or a valid execution of an ALLOCATE statement.

association (14.6.2) : The process by which a pointer becomes poifiter‘associated with| a target.

present (12.5.2.8) : A dummy argument is present in an instance of d subprogram if it is as$ociated with
an acltual argument and the actual argument is a dummy argument that is present in the invoking
procedure or is not a dummy argument of the invoking procedure:

procedure (2.2.3, : A computation that may be invoked during program execution. [t may be a function
or a sytbroutine. It may be an intrinsic procedure, an extéprial procedure, a module procedurd, an internal
procequre, a dummy procedure, or a statement function. A subprogram may define mqre than one
procedure if it contains ENTRY statements.

procedure interface (12.3) : The characteristics 0f @ procedure, the name of the procedure, [the name of
each qummy argument, and the generic identifiers (if any) by which it may be referenced.

procegsor (1.2) : The combination of a_cemputing system and the mechanism by which executable
progrgms are transformed for use on that computing system.

program : See executable program and main program.

program unit (2.2) : The fundamental component of an executable program. A sequence ¢f statements
and cpmment lines. It may be a main program, a module, an external subprogram, or a block data
program unit.

rank (2.4.7) : The number of dimensions of an array. Zero for a scalar.

record (9.1) : A sequence of values that is treated as a whole within a file.

reference (2.5.5)": The appearance of a data object name or subobject designator in a contpxt requiring
the VJ;ue at that point during execution, or the appearance of a procedure name, its operatgr symbol, or
a defimedlassignment statement in a context requiring execution of the procedure at that poir]t. Note that
neither the act of delining a variable nor the appearance of the name of a procedure as an actual
argument is regarded as a reference.

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 interpretation.
It may be an executable program, a scoping unit, a single statement, or a part of a statement.
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.2) : One of the following:

A derived-type definition,

within it, or

(3)

subprograms contained within it.

section subscript (6.2.2) : A subscript, vector subscript, or subscript triplet in an array section selector.

selector : A syntactic mechanism for designating

(1)

(2) The
shape (2.4.7) :

whose elementsg
size (2.4.7) : Fo

standard modu

statement (3.3)

symbol may be
used to separat

statement entity

a statement.

statement func

assignment stat

statement keyw

identify the sta

statement label
be used to refer

storage associa
the same as a s

storage sequeng
storage unit (14
stride (6.2.2.3.]

structure (2.4.1

structure comp
its type.

Partre
strug

ture component.
lset of values for which a CASE block is executed.

For an array, the rank and extents. The shape may be represented by the fank-one aj
are the extents in each dimension.

r an array, the total number of elements.
e (1.7) : A module standardized as a separate collateral standard:

: A sequence of lexical tokens. It usually consists of a single line, but the ampers
used to continue a statement from one line to another and'the semicolon symbol may
b statements within a line.

]

(14) : An entity identified by a lexical token whose’ stope is a single statement or parf

ion (12.5.4) : A procedure specified by a single staterment that is similar in form to
prnent.

rord (2.5.2) : A word that is part of the syntax of a statement and that may be used
ement.

(3.2.5) : A lexical token consisting of up to five digits that precedes a statement and 1
to the statement.

n

lion (14.6.3) : The relationship between two storage sequences if a storage unit of on|
orage unit of the othér,

e

e (14.6.3.1) : A sequence of contiguous storage units.
.6.3.1) : A character storage unit, a numeric storage unit, or an unspecified storage unif.
) : The increment specified in a subscript triplet.
.2) :(Alscalar data object of derived type.

¥

pnent (6.1.2) : The part of a data object of derived type corresponding to a componen

An interface body, excluding any derived-type definitions and interface bodies contained

A program unit or subprogram, excluding derived-type definitions, interface bodies, and

ray

nd
be

of

an

to

ay

is

of

subobject (2.4.3.2) : A portion of a named data object that may be referenced or defined independently of

other portions.

It may be an array element, an array section, a structure component, or a substring.

subobject designator (2.5.1) : A name, followed by one of more of the following: component selectors,
array section 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.
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
a regular sequence of integer values.

Note that in

and 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.

target (5.1.2.8) : A named data object specified in a type declaration statement containing

the TARGET

attrib
objec|{.

transflormational function : An intrinsic function that is neither an elemental function nd
function. It usually has array arguments and an array result whose elements have values th
the values of many of the elements of the arguments.

type (4) : Data type.

type dleclaration statement (5) : An INTEGER, REAL, DOUBLE PRECISION, COMPLEX, C
LOGICAL, or TYPE (type-name) statement.

type [parameter (2.4.1.1) : A parameter of an intrinsic data typer KIND= and LEN=

parameters.
type parameter values (4.3) : The values of the type parapnieters of a data entity of an intrins

ultimate component (4.4) : For a derived-type or a structure, a component that is of intrinsi
the POINTER attribute, or an ultimate component*of’a component that is a derived type
have the POINTER attribute.

undefiined (2.5.4) : For a data object, the property of not having a determinate value.

unspdcified storage unit (14.6.3.1) : A unit of storage for holding a pointer or a scalar
pointer and is of type other than default integer, default character, default real, double p
default logical, or default complex.

use dssociation (14.6.1.2) : The association of names in different scoping units specifie
statermpent.

variable (2.4.5) : A data object whose value can be defined and redefined during the exe
execupable program. (Itymay be a named data object, an array element, an array section
comppnent, or a substring. Note that in FORTRAN 77, a variable was always scalar and name
vectof subscript\(6.2.2.3.2) : A section subscript that is an integer expression of rank one.
whol¢ array (6.2.1) : A named array.

:l»n’ a2 data nkjor# created k;y an AILTQCATE ctatoment for 3 ?n;nh:r/ or—a cilLlf\Ll’l‘nft of Such an

r an ingquiry
at depend on

HARACTER,
are the type

c data type.

r type or has
and does not

hat is not a
recision real,

H by a USE

cution of an
a structure

’

d.
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Annex B

(informative)

Decremental features

B.1 Deleted feahires

The deleted features are those features of FORTRAN 77 that are redundant and considered largely unused.
Section 1.6.1 descrt . . .
Standard is em

The obsolescen
methods are ay
obsolescent fea

'y
()

(3)

(4)

(5)
(6)
)
(8)
9)

B.2.1 Alternaf

An alternate re
execution of th
computed GO
semantics of ar

CALL SUBR_NAME-(X, Y, Z 100, 200, *300)
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B.2 Obsolescent features

t features are those features of FORTRAN 77 that are redundant and Mor which be
railable in FORTRAN 77. Section 1.6.2 describes the nature of obsoléscent features.
ures are:

hmetic [F — use the IF statement (8.1.2.4) or IF construct (8.1.2)

and double precision DO control variables and DO loop "control expressions —
er (8.1.4.1)

ed DO termination and termination on a statement)other than END DO or CONTIN
e an END DO or a CONTINUE statement for each DO statement

ching to an END IF statement from outside ‘its IF block — branch to the statem
wing the END IF

nate return — see B.2.1

SE statement — see B.2.2

GN and assigned GO TO statements — see B.2.3
bned FORMAT specifiers ~ see B.2.4

dit descriptor — see B.2.5

e return

turn introduces labels into an argument list to allow the called procedure to direct

[O statement or CASE construct on return. This avoids an irregularity in the syntax
bument association. For example,

nal

ter

The

use

UE

ent

the

b caller upon return. The same effect can be achieved with a return code that is used in a

aind
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ecution. In
with the use

the assigned

may be replaced by
CALL SUBR_NAME (X, Y, Z, RETURN_CODE)
SELECT CASE (RETURN_CODE)
CASE (1
CASE (2)
CASE (3
CASE DEFAULT
END SELECT
B.2.2 PAUSE statement
Executjon of a PAUSE statement requires operator or system-specific intervention, tdyresume e
most dases, the same functionality can be achieved as effectively and in a moreppoortable way
of an 3ppropriate READ statement that awaits some input data.
B.2.3 ASSIGN and assigned GO TO statements
The ABSIGN statement allows a label to be dynamically assigned.to.an integer variable, and
GO TQ statement allows “indirect branching” through this variable. This hinders the readapility of the

program flow, especially if the integer variable also is used\in arithmetic operations. The

differe
These
directl
B.2.4
The A

ht usages of the integer variable can be an obscure source of error.

statements have commonly been used to simulate internal procedures, which now ci
.

Assighed FORMALT specifiers

5SIGN statement also allows the label of a FORMAT statement to be dynamically as

two totally

in be coded

tigned to an

integer] variable, which can later be useéd) as a format specifier in READ, WRITE, or PRINT| statements.
This hjnders readability, permits incdnsistent usage of the integer variable, and can be an obpcure source
of errdr.

This fynctionality is available via character variables, arrays, and constants.

B.2.5 H editing

This efit descriptor.tan be a source of error. The same functionality is available using the character

consta

ht edit descriptor.
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Annex C

(informative)

Section notes

C.1 Section 1 notes

C.1.1 Confor

~
e
n
~-

The standard requires a standard-conforming processor to be capable of detecting and reporting_the

use

within a program unit of forms designated as deleted or obsolescent and of additional\fermgq or

relationships,
associated con
specifies the li
these limits ar
the means of reporting the use of additional forms and relationships and the use 0f deleted or obsoles
forms. Note that in this context, the use of a deleted form is the use of an additional form.

traints. It is recommended that the processor be accompanied by documentation

It is recommended that the processor be accompanied by documentation_that specifies the method
semantics of processor-dependent facilities.

C.2 Section 2 notes

C.2.1 Keywords

Argument keywords can make procedure references more readable and allow actual arguments to b
any order. This latter property permits optional arguments (2.5.2).

C.3 Section 3 notes

C.3.1 Representable characters (3:1.5)

FOrTRAN 77 allpwed any character to\occur in a character context. This standard provides a new fea
to allow sourcp programs to contain characters of more than one kind (4.3.2.1). Characters of diffe
kinds are ofter| identified by control characters (called “escape” or “shift” characters). It is difficult, if
impossible, for example, Ao process, edit, or print files where control characters may not have f
intended meajing (as in"\FORTRAN 77) and where other occurrences may have a control meaning.

provide compdtibilityzwith FORTRAN 77 and to allow this standard to meet portability goals, the folloy
approach is inqorporated:

here such use can be detected by reference to the numbered syntax rules: and their

hat

its it imposes on the size and complexity of a program and the means 'of Teporting when
exceeded, that defines the additional forms and relationships it allows, and that defjnes

fent

or

fure
rent
not
heir
To
bing

(1) In fixedsourceform—the definition-of repcharisnot changed———————————— |

(2) Control characters are not allowed in character contexts in free source 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
continuation 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)

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
indicator unless it appears within commentary indicated by a “C” or “*”
another “I” in character positions 1-5 (3.3.2.3).

ver, on the IBM 704, only 72 columns could.-be

source code, particularly with “long” names and the use of indentation. Consequently

sourcq form, this standard relaxes the FORTRAN 77 restriction on source line\size.

Given
form

the need for an incompatible new source form in Fortran, additional restrictions of t
ire relaxed. Positions six and seven are no longer “special” @nd the continuation mark
being [continued rather than on the continuation line.
new spurce form, but other features of the new form apply\to either form, and are allov
(3.3.1}.

Ther

inten

le allowing optional blanks at specific places in.s0me keywords (for example, ENDIF ¢
d to permit a reasonable choice to users accustomed to insignificant blanks.

In so

progra
used

ms whose source form might be of eithier form, observing the following rules allows th
vith either:

Confine statement labels_to“character positions 1 to 5 and statements to characte
to 72;

Treat blanks as being-significant;

Use only the exelamation mark (!) to indicate a comment, but do not start the
column 6;

For continued statements, place an ampersand (&) in both character position 73 of
line and-character position 6 of a continuing line.

C.4 Bection 4 notes

continuation

in character position 1 or by

n a common
ised and the
AN 77, these
rhanges to a

ortran Standards Subcommittee believes that 66 positions are inadequate to represent readable

/, in the new

he rigid card
s on the line

Blank characters are generally significant in the

bed in either

r END IF) is

e circumstances, for example where source code is maintained in an INCLUDE file for use in

e code to be

I positions 7

comment in

a continued

C4.l Zero (4.3.1)

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 contr

ol 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.4.3 Intrinsic 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. A derived-type definition specifies a data structure
consisting of components of intrinsic types and of derived types. Such a type definition does not
represent a data object, but rather, a template for declaring named objects of that derived type. For
example, the definition

TYPE POINT
INTEGER X_COORD
INTEGER Y_COORD
END TYPE POINT

specifies a new| derived type named POINT which is composed of two components of intrinsic)type
integer (X_COQRD and Y_COORD). The statement TYPE (POINT) FIRST, LAST declaresntwo data
objects, FIRST gnd LAST, that can hold values of type POINT.

Fortran 77 proyided REAL and DOUBLE PRECISION intrinsic types as approximations, t@) mathematifal
real numbers. This standard generalizes REAL as an intrinsic type with a type parameter that selects fhe
approximation |method. The type parameter is named KIND and has values that are procesgor
dependent. DQUBLE PRECISION is treated as a synonym for REAL (k), where-k\is the implementatign-
defined kind type parameter value KIND (0.0D0).

Real literal congtants may be specified with a kind type parameter to ensure that they have a particufar
kind type parameter value (4.3.1.2).

For example, with the specifications

INTEGER Q
PARAMETER (Q
REAL (@) B

the literal constant 10.93_Q has the same precision as the variable B.

8

ForTrAN 77 did hot allow zero-length character strings. They are permitted by this standard (4.3.2.1).

Obijects are of [different derived type if they.lare declared using different derived-type definitions. For
example,

TYPE APPLES
INTEGER NUMBER

END TYPE APPUES

TYPE ORANGES
INTEGER NUMBER

END TYPE ORANGES

TYPE (APPLES) COUNT]

TYPE (ORANGEY) COUNT2 .

COUNT1 = COUNT2Y Erroneous statement mixing apples and oranges

Even though all 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
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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.

To avoid the use of the processor-dependent values 4 or 8, replace 8 by KIND (0.0) or KIND (0.0D0).

Anoth
inquiry
minimy
type pa
least a
replace
be sele

There
have fl
kind va

As kin
named
than us

C45

A stru
SEQUE
this, of
merely
compo
since a
the foll
namelig
where
in thesg
as best

C4.6
This st

Iy - A d d Iy 1 N + | PO 1o 1 H
r—vay—to—averd—these—precessor-dependert—values—ts—to—select—the—kind—valuwe—using
function SELECTED_REAL_KIND. This function, given integer arguments P and\J
m requirements for decimal precision and decimal exponent range, respectivelyCretur
rameter value of the approximation method that has at least P decimal digits‘of prec
range for positive numbers of 10 X to 108, In the above specification statément, th
H by, for instance, SELECTED_REAL_KIND (10, 50), which requires anjapproximatiot
ted with at least 10 decimal digits of precision and an exponent range/from 10~ to 10

exibility in assigning such values and may add new kinds without changing previou
lues.

constants as described above (for example, SINGLE, JEEE_SINGLE, DOUBLE, and QU
ing the kind values directly.

Storage of derived types (4.4.1)

fture resolves into a sequence of components of intrinsic type. Unless the structure

any other, order. Nor is there any\requirement that contiguous storage be used. T
refers to the fact that in writing~the definitions there will necessarily be an order ir
hents appear, and this will define*a sequence of components. This order is of limited
component of an object of.derived type will always be accessed by a component na
bwing contexts: the sequéngé of expressions in a derived-type value constructor, the d
t input data, and thednclusion of the structure in an input/output list of a formatted d
t is expanded to this'sequence of components. Provided the processor adheres to the d
cases, it is otherwise free to organize the storage of the components for any structure
suited to the particular architecture.

Pointers

hndadrd introduces pointers as names that can change dynamically their association w

i

he intrinsic
. specifying
ns the kind
sion and at
e 8 may be

method to
0

ire no magnitude or ordering constraints placed on kind values, \in\6rder that implementers may

ly assigned

H values have no portable meaning, a good practice is te use them in programs omnly through

AD), rather

includes a

INCE statement, the use of this terminology in no way implies that these components are stored in

he sequence

which the
significance
e except in
a values in
hta transfer,
pfined order
in memory

ith a target

object.

[tda sense, a normal variable is a name with a fixed association with a specific object

A normal

variabl

e name refers to the same storage space throughout the [itetime 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.

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,

267


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

ISO/IEC 1539 : 1991 (E)

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 (IOEM (= 0) EXIT

ALLOCATE KTEMP) I Create new cell each iteration
TEMP 7 VAL = K I Assign value to cell

NULLIFY (TEMP % NEXT_CELL) | Set status to disassociated
CURRENT %| NEXT_CELL => TEMP I Attach new cell to list

CURRENT =p TEMP I CURRENT points to new end of Llist
END DO

A list is now cpnstructed and the last linked cell contains a disassociated pointer. A loop can be used to

“walk through’| the list.

CURRENT => HEAD

DO
IF (.NOT.| ASSOCIATED (CURRENT % NEXT_CELL)) EXIT
CURRENT =p CURRENT % NEXT_CELL
WRITE (*,| *) CURRENT % VAL

END DO

C.5 Section 5 notes

C.5.1 Type declaration statements (51)

Type declaratipn statements in FORTRAN77 required different attributes of an entity to be specified in

different state
be specified in p single extended form of the type statement. For example,

INTEGER, DIMENSION (10, 110Y, SAVE :: A, B, C
REAL, PARAMETER :: PI/=.3.14159265, E = 2.718281828

To retain compatibility and consistency with FORTRAN 77, most of the attributes that may be specifie
the extended type statement may alternatively be specified in separate statements.

ents (INTEGER, SAVE, DATA, etc.). This standard allows the attributes of an entity to

] in

C52 The P aftribute (5.1.2.7)

The POINTER attribute must be specified to declare a pointer. The type, type parameters, and rank,
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
END

C.5.3| The TARGET attribute (5.1.2.8)

The TARGET attribute must be specified for any nonpointer objest that may, during the exdcution of the
program, become associated with a pointer. This attribute i.defined solely for optimization|purposes. It
allow$ the processor to assume that any nonpointer objéct) not explicitly declared as a t3rget may be
referred to only by way of its original declared name. ~The rule in 5.1.2.8 ensures that this is true even if
the object is in a common block and the corresponding object in the same common blodk in another
progrgm unit has the TARGET attribute. It also means that implicitly-declared objects mus} not be used
as pojnter targets. This will allow a processor(to perform optimizations that otherwise Would not be
possible in the presence of certain pointers. '

The fpllowing example illustrates the use of the TARGET attribute in an iterative algorithm:

PROGRAM ITER
REAL, DIMENSION (1000, 1000, TARGET :: A, B
REAL, DIMENSION (:, :); POINTER :: IN, OUT, SWAP

I |Read values intovA

IN=>A I Associate IN with target A
OUyT => B I Associate OUT with target B
ITER:DO

ISApply 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 equivalencing of objects of intrinsic type with nondefault type parameters, but there are strict rules
regarding the appearance of these objects in an EQUIVALENCE statement.

Structures that ;
is not of numer|
the same type.

A numeric sequ
default integer t
type such that ¢

A character seq
character seque

Otbher objects

C.5.6 COMMON statement extensions (5.5.2)

Modules provide global access to all objects; however, the COMMON statement also has been exteng

to allow acces
structures, and

A common blog
that accesses th
This extension 4

Association in
type, and seque

C.6 Section

C.6.1 Substrings (6.1.1)

Substrings are ¢
ForTRAN 77. T
constants.

rppear i EQUIVALENCE staterments most-besequencestructures—H—asequentestruch

¢ sequence type or of character sequence type, it must be equivalenced only to objects

ence structure may be equivalenced to another numeric sequence structure,‘an’ object
ype, default real type, double precision real type, default complex type, or-default logi
omponents of the structure ultimately become associated only with objects of these type

uence structure may be equivalenced to an object of default character type or anot
ce structure.

ay be equivalenced only to objects of the same type and kind\type parameters.

in more than one scoping unit to objects with* the POINTER attribute, to seque
o objects of intrinsic type with nondefault type‘parameters.

k is permitted to contain sequences of different storage units, provided each scoping y
e common block specifies an identical-sequence of storage units for the common blo
llows a single common block to contain both numeric and character objects.

different scoping units between*objects of default type, objects of double precision j

hee structures is permitted aceording to the rules for equivalence objects (5.5.1).

6 notes

his standard also allows substrings of literal character constants and named charag

C.6.2 Array e

ement references (6.2.2)

f zero lengthwhen the starting point exceeds the ending point. This was not allowed i

ure
of

of
cal
s.

ner

ted

nce

nit

ck.

eal

ter

A subscript reference to an element outside the declared bounds is not standard conforming, as in

FORTRAN 77.

C.6.3 Structur

e 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
CHARACTER (LEN=30) LAST_NAME
CHARACTER (LEN=1) MIDDLE_INITIAL
CHARACTER (LEN=30) FIRST_NAME
TYPE (ID_NUMBERS) NUMBER

END TYPE PERSON_ID

TYPE PERSON

INTEGER AGE

TYPE (PERSON_ID) ID
END TYPE PERSON

TYPE {PERSON) GEORGE, MARY

PRINT(*, GEORGE % AGE ! Print the AGE component

PRINT[*, MARY % ID % LAST_NAME I Print LAST_NAME of MARY

PRINT|*, MARY % ID % NUMBER % SSN ! Print SSN of MARY

PRINT|*, GEORGE % ID % NUMBER ! Print SSN and EMPLOYEE_NUMBER of GEORGE

A stru¢ture component may be a data object of intrinsic/type as in the case of GEORGE %

AGE or it

may bg of derived type as in the case of GEORGE % ID. % NUMBER. The resultant component may be

a scalar or an array of intrinsic or derived type.

TYPE LARGE
INTEGER ELT (10)
INTEGER VAL
END TYPE LARGE
TYPE {LARGE) A (5) I 5 element array, each of whose elements
i ncludes a 10 element array ELT and
I~a scalar VAL.
PRINT (*, A (1) I”Prints 10 element array ELT and scalar VAL.
PRINT|*, 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.

PRINT |*, A (2:4)<% VAL

C.6.4 Pointer allocation and association
The ef

interpreted

as changing the values in the descriptor that is the pointer. An ALLOCATE is assumed to create space
for a suitable object and to “assign” to the pointer the values necessary to describe that space. 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

pointer. 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 effect 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 notyuse PA a
until it becomes associated via pointer assignment or an ALLOCATE statement.

bain

DEALLOCATE should only be used to release space that was created by a previou§s ALLOCATE. Thus

the following i$ invalid:

REAL, TARGET| :: T

REAL, POINTER :: 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 than thd target. ALLOCATE creates a new target but, other than breaking its connection with| the

specified pointer, it has no effect on the old target. Negither NULLIFY nor pointer assignment has
effect on targefs. A given piece of memory that was allocated and associated with a pointer will bec

any
bme

inaccessible to|a program if the pointer is nullified afid no other pointer was associated with this piecp of
memory. Such pieces of memory may be reused by the processor if this is expedient. However, whefher

such inaccessible memory is in fact reused is entirely processor dependent.

C.7 Sectiom 7 notes

C.7.1 Chara¢ter assignment

The FORTRAN 77 restriction thatnone 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 Evaluqgtion-of-function references

If more than opefunction reference appears in a statement, they may be executed in any order (subjedt to

a function result being evaluated after the evaluation of its arguments) and their vaiues must not depend
on the order 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
automatically deliver the value contained in the space currently described by the pointer, that is,

will

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

subobijects.
For example, suppose a type such as
TYPE [CELL

INTEGER :: VAL

TYPE (CELL), POINTER :: NEXT_CELL
ENDTYPE
is defined and objects such as HEAD and CURRENT are declared using
TYPE | (CELL), TARGET :: HEAD
TYPE|(CELL), POINTER :: CURRENT
If a linked list has been created and attached to HEAD and the“pointer CURRENT has b
space| statements such as
CURRENT = HEAD
CURRENT = CURRENT % NEXT_CELL
cause |the contents of the cells referenced on the right.to be copied to the cell referred to by
In pafticular, the right-hand side of the second(statement causes the pointer component
CURRENT, to be selected. This pointer is dereferenced because it is in an expression conte)
the target’s integer value and a pointer to a cell that is contained in the target'’s NEXT_CEL]
The l¢ft-hand side causes the pointer CURRENT to be dereferenced to produce its present ta
space|to hold a cell (an integer and a cell pointer). The integer value on the right is copied
space|on the left and the pointer components are pointer assigned (the descriptor on the ri
into the space for a descriptor on:the'left). When a statement such as
CURRENT => CURRENT % NEXT_CELL
is exgcuted, the descriptor* value in CURRENT % NEXT_CELL is copied to the desct
CURRENT. In this case;<CURRENT is made to point at a different target.
In thg intrinsic assignment statement, the space associated with the current pointer does ng
the values stored{in that space do. In the pointer assignment, the current pointer is made
with different\space. Using the intrinsic assignment causes a linked list of cells to be move
the current jwindow”; the pointer assignment causes the current pointer to be moved dowr

list o

C8

cas8l

Fortr

cells

ben allocated

CURRENT.
in the cell,
(t to produce
component.
rget, namely
o the integer
ght is copied

iptor named

t change but
to associate
l up through
through the

4

Section 8 notes

Loop control
an provides several forms of loop control:
(1)
(2)
(3)

With an iteration count and a DO variable. This is the classic Fortran DO loop.
Test a logical condition before each execution of the loop (DO WHILE).
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:
por1=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: DO

END DO LOOP2| ' Construct names don't match
Example 4:
DO I =1, 10 ! Label required or ...

1016 CONTINUE ! ... END DO required
Example 5:
DO 10201 =1, 10

1025.I.END DO ! Labels don't match
Example 6:

FIRST: DO I ¥ 1, 10
SECOND: DO J =1, 5

END DO FIRST ! Improperly nested DOs
END DO SECOND

C.9 Section 9.notes

C.9.1 Input/output 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
method of implementation has been used. Connection means that (barring some other fault) a READ or
WRITE statement may be executed on the unit, hence on the file. Without a connection, a READ or
WRITF statement must not be executed.

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
procesor “knows” of a set of files that exist at a given time for a given executable program. This set
would |include tapes ready to read, files in a catalog, a keyboard, a printer, etc. The set may [exclude files
inaccegsible to the executable program because of security, because they/are already in usel by another
executable program, etc. This standard does not specify which files exist, \Hence wide latitudd is available
to a processor to implement security, locks, privilege techniques, etcs Existence is a convenient concept to
designate all of the files that an executable program can potentially process.

All foyr 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

Means|are provided to create, delete, connect, and disconnect files.

C.9.2.3 File names (9.3.4.1)

A file may have a name. The form of a file name is not specified. If a system does not have some form
dloging 'or tape labeling for at least some of its files, all file names will disappear at the| termination
of exeqution. This is a valid implementation. Nowhere does this standard require names tq survive for

eriod o ime_longe han the execution time spnan of an executahle program greforel this
standard does not impose cataloging as a prerequisite. The naming feature is intended to allow use 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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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 record. This standard contains the record posmomng ADVANCE— specifier in a data transfer

statement that

formatted datd

capability. Th
The tab edit d

id AN Lailis L 4 Tks A 1} d [
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transfer statement to the next data transfer statement. The value NO provides
b value YES positions the file after the record just read or written. The default is YES.

tab will not reposition before the left tab limit.

A BACKSPA(Q

positioned befd

If the last data
will be positio
is, a REWIND
the tile to be ¢
file.

This standard
variable in thg

re the current record.

ned implicitly after the current record before an ENDFILE record is written to the file,
BACKSPACE, or ENDFILE statement following a nonadyancing WRITE statement ca

provides a SIZE= specifier to be used with nonadvancing data transfer statements.
SIZE= specifier will contain the count of the’number of characters that make up

sequence of values read by the data edit descriptors in this-ifnput statement.

The count is
number of cha

The EOR= sp

specifier is pre
be padded wi

pspecially helpful if there is only one list item in the input list since it will contain
Facters that were present for the item:

The-end-of-record condition is not an error condition. If
sent, the current input list itém that required more characters than the record contained
h blanks if PAD= "YES“is in effect.

pscriptor and the slash are still appropriate for use with this type of record. access but
E of a file that is currently positioned within a record causes thesspecified unit td

transfer statement was WRITE and the file is currently positioried within a record, the|

ositioned at the end of the current output record beforé the endfile record is written to|

bcifier is provided to indicate wheh)an end-of-record condition has been encountered dul
a nonadvancing data transfer statement.

one
this

the

be

file
that
1ses

the

The
the

the

ring
this
will

This means that the iolist item was successflully

completed. The file will then be positioned after the current record. The IOSTAT = specifier, if pregent,

will be defindd with a processorsdependent negative value and the data transfer statement will be
terminated. ogram execution will continue with the statement specified in the EOR= specifier. [The
EOR= specifipr gives the«capability of taking control of execution when the end-of-record has bpeen
found. Implied-DO variables retain their last defined value and any remaining items in the iolist rdtain

their definition status\when an end-of-record condition occurs. The SIZE= specifier, if present, [will
contain the numberof characters read with the data edit descriptors during this READ statement.
For nonadvangingvinput, the processor is not required to read partial records. The processor may fead

the entire record into an internal buffer and make successive portions of the record available to successive
input statements.

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 creates the file. With the other two methods, execution of the OPEN statement creates the file.

When an OPEN statement is executed, the unit specified in the OPEN may or may not already be
connefted to a file. If it is already connected to a file (either through preconnection or by a prior OPEN),
then ¢mitting the FILE= specifier in the OPEN statement implies that the file is to remain fconnected to
the unit. Such an OPEN statement may be used to change the values of the BLANK=, DELIM=, or
PAD % specifiers.

Note [that, since an OPEN that specifies STATUS = 'SCRATCH’ is not allowed to have a FILE=
specifier, such an OPEN always attempts to retain any connection that the specified unit mhay have. If
the unit were already connected to a file, and if that connection did not<have a STATUS off SCRATCH,
then the OPEN would be illegal because the value of the STATUS = specifier must not be chhnged by the
OPEN.

If the value of the ACTION= specifier is WRITE, then READ statements must not fefer to this
connection. ACTION = 'WRITE' does not restrict positioning by a BACKSPACE statement or
positipning specified by the POSITION = specifier with the value APPEND. However, a BACKSPACE
statemjent or an OPEN statement containing POSITION = 'APPEND’ may fail if the procgssor requires
readirlg of the file to achieve the positioning.

The following examples illustrate these ruless~In the first example, unit 10 is preconjnected to a
SCRATCH file; the OPEN statement changes the*value of PAD= to YES.

CHARACTER (LEN = 20) CH1

WRITE (10, '(A)') 'THIS IS RECORD. 1"

OPEN [(UNIT = 10, STATUS = 'SCRATCH', PAD = 'YES")
REWIND 10

READ | (10, '(A20)') CH1 (" CH1 now has the value
I '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
OPEN statement then| opens unit 12 again, retaining the connection to the file FRED, but changing the
value |of the DELIM = ‘specifier to QUOTE.

CHARACTER (LEN“= 25) CH2, CH3

OPEN | (12, <FILE = 'FRED', STATUS = 'OLD', DELIM = 'NONE’)
CH2 F Y'THIS STRING HAS QUOTES.'''

! Quotes in string CH2

WRITE (12, *) CH2 | Written with no delimiters
OPEN (12, DELIM = 'QUOTE') ! Now quote is the 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, *)
CLOSE (10)

A, B, C

OPEN (10, STATUS = 'SCRATCH') | Opens a different

I SCRATCH file

C.9.4 Connection properties (9.3.2)

When a unit becomes connected to a file, either by execution of an OPEN statement or by preconnection,
the following connection properties may be established:

(1) An afcess method, which is sequential or direct, is established for the connection (9.3.4.3);

(2) A fofm, which is formatted or unformatted, is established for a connection to a file that-ex
or is|created by the connection. For a connection that results from execution of an OP
statefnent, a default form (which depends on the access method, as describedin"9.2.1.2
established if no form is specified. For a preconnected file that exists, a formnis-established
precqnnection. For a preconnected file that does not exist, a form may bg¢ established, or
establishment of a form may be delayed until the file is created (for example, by execution o
formptted or unformatted WRITE statement) (9.3.4.4).
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The meaning of “open” in contexts other than Fortran may include such things as mounting a tape,
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
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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.1 Values assigned to INQUIRE specifier variables

INQUIRE by File INQUIRE by Unit
Specifier Unconnected ‘ Connected Connected l Unléonrfected
EXIST = .TRUE. if file exists, .TRUE. if unit(exists,

.FALSE. otherwise .FALSE. otherwise
OPENED = .FALSE. .TRUE. .FALBE.
NUMBER = -1 unit no. -1
NAMED = .TRUE. .TRUE.,if\file named, .FALPE. _

.FALSE< otherwise
filename filename

NAME = (may not be same if named, undefined

as FILE= value) else undefined
ACCESS = UNDEFINED ‘ SEQUENTIAL or DIRECT UNDEFINED
SEQUENTIAL= YES, NO; or UNKNOWN UNKNOWN
DIRECT = YES, NO, or UNKNOWN UNKNOWN
FORM = UNDEFINED [ FORMATTED or UNFORMATTED | UNDEFNED
FORMATTED = YES, NO, or UNKNOWN UNKNOWN
UNFORMATTED = YES, NO, or UNKNOWN UNKNOWN
RECL= undefined if direct access, record length; undefined

else maximum record length
INEXTREC = undefined if direct access, next record #; undefined
else undefined
BLANK = UNDEFINED NULL, ZERO, or UNDEFINED UNDEHRINED
DELIM = UNDEFINED APOSTROPHE, QUOTE, UNDEHRNED
NONE, or UNDEFINED
PAD= YES YES or NO YEP
POSITION= UNDEFINED REWIND, APFEND, UONDEFINED
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 (74.1.1)

Format specifications may be included in the READ and WRITE statements, as in:
READ (UNIT =10, FMT = '(I3, A4, F10.2)") K, ALPH, X

c99 Unforn:Eﬁed input/output (9.4.4.4.1)

Unformatted injput/output involving derived-type list items forms the single exceptionto the rule that [the
appearance of gn aggregate list item (such as an array) is equivalent to the appearance of its expanded|list
of component parts. This exception permits the processor greater latitude ifi-improving efficiency or in
matching the pfrocessor-dependent sequence of values for a derived-type @bject to similar sequences |for
aggregate objedts used by means other than Fortran. However, formatted input/output of all list it¢ms
and unformattdd input/output of list items other than those of derived\types adhere to the above rule.

C.9.10 Inputyoutput restrictions

An example of|a restriction on input/output statements (9.8),is that an input statement must not spefify
that data are tq be read from a printer.

C.9.11 Pointears in an input/output list

Data transfers plways involve the movement of\yvalues between a file and internal storage. A pointer as
such cannot be| read or written. A pointer may, therefore, appear as an item in an input/output list |f it
is currently asdqociated with a target that can receive a value (input) or can deliver a value (output).| A
derived type olbject with one or more pointer components must not appear as an item in an input/output
list because thq value of a pointer ¢component is the descriptor for a location in memory. As such, this
has no processor-independent representation.

C.9.12 Derivad type objects in an input/output list (9.4.2)

A component ¢f a derived type may be declared to be private (4.4, 5.1.2.2). A derived-type object njust
not appear in &n input/output list if any of its components or subobjects of any of its components hlave
been declared tp be private and its derived type definition does not appear in the same module as the data
transfer statement:

In a formatted input/output statement, edit descriptors are associated with effective list items, which 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:

2 ISN'T 3

RITE (6, 100) 2, 3
100 FORMAT (1X, I1, 1X, 'ISN''T', 1X, I1

ITE (6, 'AIX, I, X, ""ISN'""'T'', 1X, ID") 2, 3

RITE (6, '(A)') ' 2 ISN''T 3!

Note fhat doubling of internal apostrophes usually may be avoided by\using quotation marks to delimit
the format specification and doubling of internal quotation marks~usually may be avoided by using
apostrpphes as delimiters.

C.10.2 T edit descriptor (10.6.1.1)

The T| edit descriptor includes the vertical spacing chdracter (9.4.5) in lines that are to be|printed. T1
specifips the vertical spacing character and T2 specifies.the first character that is printed.

C.10.8 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.104 Number of records (10:3,10.4, 10.6.2)

The nlimber of records read by‘an explicitly formatted advancing input statement can be detdrmined from
the following rule: a record\is read at the beginning of the format scan (even if the input list [is empty), at
each dlash edit descriptof encountered in the format, and when a format rescan occurs at the end of the
format.

The njimber of records written by an explicitly formatted advancing output statement can bp determined
from the following rule: a record is written when a slash edit descriptor is encountered ir| the format,
when |a format rescan occurs at the end of the format, and at completion of execution df the output
statement (even if the output list is empty). Thus, the occurrence of n successive slashes petween two
other fedit“descriptors causes n — 1 blank lines if the records are printed. The occurrence ofl n slashes at
the beginning or end of a complete format specification causes n blank lines if the records are printed.
However, a complete format specification containing n slashes (n > 0) and no other edit descriptors
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-directed input/output allows data editing according to the type of the list item instead of by a format

specifier. [t als

o 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 following examplés illustrate list-directed input. A blank character is represented by b.

Example 1:
Program:

J=3
READ *, I
READ *, J

Sequential inpu

b1y
,2h

Result: I = 1, ]

record 1:
record 2:

Explanation: T
designates a nu

Example 2:
Program:
CHARACTER A +
READ *, A, B
Sequential inpu
record 1: 'bb
record 2: 'QX

Result: A = ‘bbbbbbbb’, B = 'Q’

Explanation: In
cannot be the f
involve the pro

 file:

, 4bbbbb
bbbbbbb

= 3.

he second READ statement reads the second record. ,Thé initial comma in the rec
| value; therefore, J is not redefined.

8, B *1

p file:

bbbbbb'
Y'b'Z'

the first record, the\rightmost apostrophe is interpreted as delimiting the constant
rst of a pair of embedded apostrophes representing a single apostrophe because this wog
hibited “splitting”of the pair by the end of a record); therefore, A is set to the chara

brd

(it
uld

Cter

constant ‘bbbbbbbb’. The-end of a record acts as a blank, which in this case is a value separator becguse

it occurs betwe

bn two constants.

C.10.7 Nam

list list items for character input (10.9.1.3)
Correspondinng—rmnﬁw—hmm—ktﬁmmﬁ—dmmdm—mm—ﬂWm

delimited either with apostrophes or with quotes.

The delimiter is required to avoid ambiguity betw

be
een

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 constant may not be acceptable as namelist input records.
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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
not permitted in a standard-conforming program (for example, by including a character not normally
allowed in names) or by providing some external mechanism such that for any given program the default
name cpn be changed to one that is otherwise unused.

C.11.2 | Dependent compilation (11.3)

This standard, like its predecessors, is intended to permit the implementation of cdnforming plrocessors in
which a program can be broken into multiple units, each of which can be separately ttanslated in
prepardtion for execution. Such processors are commonly described as supporting separate dompilation.
There fs an important difference between the way separate compilation.cdn be implemented under this
standard and the way it could be implemented under the previous™standards. Under the previous
standards, any information required to translate a program unit was (pecified in that program|unit. Each
translafion was thus totally independent of all others. Under this' standard, a program uhit can use
information that was specified in a separate module and thus may be dependent on that mpdule. The
implementation of this dependency in a processor may becthat the translation of a program unit may
depend| on the results of translating one or more modulest/ Processors implementing the dependency this
way arg commonly described as supporting dependent compilation.

The dependencies involved here are new only in the sense that the Fortran processor is now aware of
them. | The same information dependencies existed under the previous standards, but [it was the
programmer’s responsibility to transport the information necessary to resolve them by making redundant
specifications of the information in multipleprogram units. The availability of separate but dependent
compilation offers several potential advantages over the redundant textual specification of infofmation:

(1) Specifying information af“a-single place in the program ensures that different program units
using that information\will be translated consistently. Redundant specification| leaves the
possibility that different information will erroneously be specified. Even if some kind of
textual inclusion facility is used to ensure that the text of the specifications is identical in all
involved program units, the presence of other specifications (for example, an| IMPLICIT
statement) may change the interpretation of that text.

(2) During/the revision of a program, it is possible for a processor to assist in determinjing whether
diffefent program units have been translated using different (incompatible) vefsions of a
module, although there is no requirement that a processor provide such| assistance.
Inconsistencies in redundant textual specification of information, on the other hand|, tend to be
much more difficult to detect.

(3) Putting information in a module provides a way of packaging it. Without modules, redundant
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 modules (for example, if both modules obtained it from a third module), then there is no confusion
about what the name denotes and the name can be freely used. If the entities are different and one or
both is to be uped, the Tocal renaming facility in the USE statement makes it possible to give those entjties
different nameg in the program unit containing the USE statements.

A typical implementation of dependent but separate compilation may involve storing the\resul
translating a module in a file (or file element) whose name is derived from the name ©f’the module.
Note, howevel, that the name of a module is limited only by the Fortran rules and riety by the n
allowed in the|file system. Thus the processor may have to provide a mapping between Fortran n
and file system| names.

The result of tfanslating a module could reasonably either contain only the inférimation textually specified
in the module|[(with “pointers” to information originally textually specified\ifi)other modules) or conftain
all information specified in the module (including copies of information originally specified in other

greatly simplify the logic necessary to process a USE statement and<an avoid the necessity of imposi
limit on the logical “nesting” of modules via the USE statement.

Variables declared in a module retain their definition status<en much the same basis as variables |n a
common block. That is, saved variables retain their definition status throughout the execution ¢f a
program, while variables that are not saved retain their.definition status only during the execution of
scoping units that reference the module. In some cases, it may be appropriate to put a USE statement
such as

USE MY_MODULE, ONLY:

in a scoping upit in order to assure that ether procedures that it references can communicate through the
module. In sufch a case, the scoping unit.would not access any entities from the module, but the varigbles
not saved in the module would retain their definition status throughout the execution of the scoping ufit.

There is an ingreased potential for)undetected errors in a scoping unit that uses both implicit typing|and
the USE statement. For example/ in the program fragment

SUBROUTINE 3§uB
USE MY_MQDULE
IMPLICIT [INTEGER" (I-N), REAL (A-H, 0-2)
X=F (B
A=6 OXL+H X+
END SUBROUTINE

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
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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
pointers have a lifetime that is greater than targets that are declared in the procedure, unless such targets
are saved. Therefore, if such a pointer is associated with a local target, there is the possibility that when
the prpcedure completes execution, the target will cease to exist, leaving the pointer “dangling”. This
standafrd considers such pointers to be in an undefined state. They are neither-asqociated nor
disassgciated. They must not be used again in the program until their status has'been reestablished.
There fis no requirement on a processor to be able to detect when a pointer target céases to ex|st.

C.11.4 Example of a module (11.3)

In addition to providing a portable means of avoiding the redundant Specification of information in
multipfe program units, a module provides a convenient means of “pafkaging” related entities| such as the

The
CARDINALITY function returns the cardinality of (number of elements in) its set argument. Two
functigns returning logical values are included, ELEMENT and SUBSET. ELEMENT defines the operator
N. and SUBSET extends the operator < =. ELEMENT determines if a given scalar integeg value is an
elemerjt of a given set, and SUBSET determines if a,given set is a subset of another given sef. (Two sets
checked for equality by comparing cardinality and checking that one is a subset of the other, or
checkihg to see if each is a subset of the other.) )

nsfer function SETF converts a vector of integer values to the corresponding set, with duplicate
values| removed. Thus, a vector of constant values can be used as set constants. An invprse transfer
function VECTOR returns the elements of a set as a vector of values in ascending order. |In this SET

INTEGER_SETS
module is intended to jllustrate use of the module facility

TYPE SET ! Define SET data type

AX_SET_CARD)
END TYPE 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 FUNCT|ION CARDINALITY (A) ! Returns cardinality of set A
TYPE (SET)| A
CARDINALITY = A % CARD

END FUNCTION |CARDINALITY

LOGICAL FUNCT/ION ELEMENT (X, A) | Determines if
INTEGER X | element X is in set A
TYPE (SET)| A
ELEMENT = |ANY (A % ELEMENT (1 : A % CARD) .EQ. X)

END FUNCTION |ELEMENT

FUNCTION UNIQN (A, B) t Union of sets A and B
TYPE (SET){ A, B, UNION
INTEGER J
UNION = A

0O J =1, [B % CARD
IF (.NQT. (B % ELEMENT (J) .IN. A)) THEN
IF QUNION % CARD < MAX_SET_CARDY)THEN
NION % CARD = UNION % CARD. + 1
NION % ELEMENT (UNION_ ¥%.CARD) = &
B % ELEMENT (J)
ELSE
| Maximum set size“-exceeded . . .
END [IF
END IF
END DO
END FUNCTION [UNION

FUNCTION DIFRERENCE (A, B) I Difference of sets A and B

TYPE (SET)-A;—B,—DIFFERENGE
INTEGER J, X
DIFFERENCE % CARD = 0 I 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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ON INTERSECTION (A, B) I Intersection of sets A and B
E (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 I For efficiency
DO I =1, A% CARD
SUBSEF—=—SUBSET—AND—A——ELEMENT—()—IN-—B8)
ENQ DO
END FUNCTION SUBSET
TYPE (SET) FUNCTION SETF (V) I Transfer function between a vector
INTEGER V (2) I of elements and a set of elements
INTEGER J I removing duplicate elements
SETF % CARD = 0
pO|J =1, SIZE (V)

END
END FU

FUNCT
TY
IN
IN
ALL
VE(Q
DO

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
I Maximum set size exceeded . . .

END IF
END IF
DO
NCTION SETF
ON VECTOR (A) DTransfer the values of set A
E (SET) A ! into a vector in ascending order
EGER, POINTER :: VECTOR-(:)
EGER I, J, K
OCATE (VECTOR (A_%\.CARD))
TOR = A % ELEMENT (1 : A % CARD)
I =1, A% CARD - 1 | Use a better sort if
DO J =1 +J3,°A % CARD I A 7% CARD is large

IF (VECTOR (I) > VECTOR (J4)) THEN

K.= VECTOR (J); VECTOR (J) = VECTOR (I); VECTOR (I) = K
END. IF
END’,DO

no.

EN

1”44

END 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 Chec

k to see if A has more than 10 elements

IF (CARDINALITY (A) > 100 ...
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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 Examples of host association (12.1.2.2.1)

The first two ekamples are examples of valid host association. The third example is an éxample of inv

host association.

Example 1:

PROGRAM A
INTEGER I

CONTAINS

.V

SUBROUTI

E B

INTEGER I

I=J

END SUBROUTINE 8

END PROGRAM
Example 2:

PROGRAM A
TYPE T

END TYPE

CONTAINS

SUBROUTINE B

IMPLIC

!
!

Declaration of I hides
program A's declaration of I

Use of variable J from program A
through host association

IT TYPE (T) (C) ! Refers to type T declared below

! in subroutine B, not type T

TYPE T

END TYPE T

END SUBROUTINE B

END PROGRAM
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Example 3:

PROGRAM Q
REAL (KIND = 1)

CONTAINS
SUBROUTINE R
REAL (KIND

KIND (C))

D !

Invalid declaration
See below

REAL (KIND = 2)

END_SUBROUTINE R

s C

External procedures (12.3.2.2)

various types of procedures described in this section, only external*procedures have g
plementation may wish to assign global names to other entities’ in the Fortran prog

There [is a potential portability problem in a_scoping unit that references an external proced

ibroutine R,
used in the

obal names.
ram such as
procedures
processor to
, with other
p, this might
-conforming
the program

ure without

declaring it in either an EXTERNAL staterhent or a procedure interface block. On a differeqt processor,

the name of that procedure may be the name of a nonstandard intrinsic procedure and t
would|be permitted to interpret those procedure references as references to that intrinsic pro
that processor, the program wouldjalso be viewed as not conforming to the standard be
refererjces to the nonstandard intrinsic procedure.)
procedure interface block causes the references to be to the external procedure regar
availability of an intrinsic-procedure with the same name. Note that declaration of th
procedure is not enough'to make it external, even if the type is inconsistent with the type of
an inttinsic of the same-name.

C.12.3 Procedures defined by means other than Fortran (12.5.3)

he processor
redure. (On
rause of the

Declaration in an EXTERNAL statement or a

dless of the
¢ type of a
the result of

procedures.
- high level

A professar is not required to provide any means other than Fortran for defining external
Among.the means that might be supported are the machine assembly language, othe
langu 3 O d dnguage  extenaed Wi O anadard Edtures, drd C O

rted by another Fortran processor {for example, a previously existing FORTRAN 77 proces

suppo

language as
sor).

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 information about the dummy arguments from the nature of the actual arguments to be
associated with them, and features such as array-valued function results and pointer function results make
necessary extepsions 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 ~provided
through which|all the information about a procedure’s interface may be made available in a s¢eping finit
that references [it. A procedure whose interface must be deduced as in FORTRAN 77 is described’ as having
an implicit intprface. A procedure whose interface is fully known is described as hdving an explicit
interface.

the

to
the
e a
ced
ure

A scoping unit|is allowed to contain a procedure interface block for procedures that do not exist in
executable program, provided the procedure described is never referenced. Thé purpose of this rule i
allow implementations in which the use of a module providing procedure irfterface blocks describing
interface of every routine in a library would not automatically cause each 6f those library routines to k
part of the prqgram referencing the module. Instead, only those library-“procedures actually referen
would be a paft of the executable program. (In implementation terms, the mere presence of a proced
interface block would not generate an external reference in such ar\implementation.)

C.125 Argum

There is a significant difference between the argument association allowed in this standard and fhat
supported by FORTRAN 77 and FORTRAN 66. In FORTRAN 77 and 66, actual arguments were limited to
consecutive stqrage units. With the exception of“assumed length character dummy arguments, [the

ent association and evaluation (124.1)

structure impoq

ed on that sequence of storage umits was always determined in the invoked procedure

not taken from the actual argument. Thus\it was possible to implement FORTRAN 66 and FORTRAN

argument asso
arguments, wh
that do not res
that assume
dummy argu
standard must

Because there 4
defined by a I
possible to det

riation by supplying onlythe location of the first storage unit (except for chara
bre the length would also\have to be supplied). However, this standard allows argumg
de in consecutive storage locations {for example, an array section), and dummy argum

:T;ditional structural~information from the actual argument (for example, assumed-sh

nts). Thus, the,mechanism to implement the argument association allowed in
be more general,

re practical‘advantages to a processor that can support references to and from proced
FORTRAN/7 processor, requirements for explicit interfaces have been added to mak
prmine) whether a simple (FORTRAN 66/FORTRAN 77) argument association implementa

hnd

77
Cter
nts
nts
pe

this

ires
Bl
ion

mechanism is s

Lfficient or whether the more general mechanism is necessary (12.3.1.1). Thus a proce

SOr

can be implemented whose procedures expect the simple mechanism to be used whenever the procedure’s
interface is 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 for example if the value of the expressmn can be determined otherwise (7.1.7.1).
This flexibility a argument evalua ] : : gument evaluation,
delaying argument evaluatxon and omitting argument evaluatlon A processor may delay the evaluation
of an drgument 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 rdsults of the
executaple program. The processor may, with similar restrictions, entirely omit the evaluption of an
argument not referenced in the execution of the procedure. This gives processorslatitude for dptimization
(for exqmple, for parallel processing).

Note 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 additién to documenting the interlded use of
dummy| arguments. A processor can check whether an INTENT (IN) dummy argument is us¢d in a way
that cold 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|interface is
explicit| the processor can also verify that actual arguments corresponding to INTENT (OUT) pr INTENT
(INOUT) dummy arguments are definable. A morééophisticated processor could use this infgrmation to
optimizZe the translation of the referencing scoping unit by taking advantage of the fact |that actual
arguments corresponding to INTENT (IN) dummy arguments will not be changed and tha} any prior
value of an actual argument corresponding.to-an INTENT (OUT) dummy argument will not b¢ referenced
and car) thus be discarded.

Note tHat INTENT (OUT) means that-the value of the argument after invoking the procedure is entirely
the respilt of executing that protedure. If there is any possibility that an argument shoulfl retain its
current|value rather than being redefined, INTENT (INOUT) should be used rather than INTENT (OUT),

even’if [there is no explicit reference to the value of the dummy argument.

Note also that INTENT (INOUT) is not equivalent to the default. The argument corresponding to an
INTEN[ (INOUT) dummy argument always must be definable, while an argument correspénding to a
dummy| argument<{with default intent need be definable only if the dummy argument is actually redefined.

C.12.7 | Dummy argument restrictions (12.5.2.9)

The rejtrictions on entities associated with dummy arguments are intended to allow a processor to
translate a procedure on the assumption that each dummy argument is distinct from any other entity
accessible in the procedure. This allows a variety of optimizations in the translation of the procedure,
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 should be replaced by a pointer to the target object. For example, consider the procedure

SUBROUTINE BEST (P, A)
REAL, POINTER :: P
REAL, TARGET :: A (2)

! Find the best element, A(I)
P=>ACU
RETURN

END
and the invocation

REAL, POINTHR :: PBEST
REAL, TARGET :: B (10000)

CALL BEST (HBEST, B)
This leaves PBEST undefined. However, if A is given the attribute(POINTER instead of TARGET:

SUBROUTINE BEST (P, A)
REAL, POINTER :: P
REAL, POINTER :: A (2)

! Find the best element, A(D)
P=>A (D
RETURN

END

the invocation

REAL, POINTHER :: PB (:), PBEST

REAL, TARGET :: B (10000)

PB => B
I Calculate B

CALL BEST (HBEST, PB)

leaves PBEST hssociated-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 is used for this purpose. In the two-argument form, the ASSOCIATED 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 by that
variable until after its value has been used in expression evaluation.
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section 13 notes

Summary of teatures

ction is a summary of the principal array features.

1 Whole array expressions and assignments (7.5.1.2, 7.5.1.5)

ortant new feature is that whole array expressions and assignments”are permitted. |

+ C * SIN (D)

A, B, C, and D are arrays of the same shape, is perrhitted. It is interpreted element|

the sine function is taken on each element of D, ¢ach result is multiplied by the c{
t of C, added to the corresponding element of Brand assigned to the corresponding e
ns, including user-written functions, may be array valued and may be generic with sc
ays in an expression or across an assignment,must conform; that is, have exactly the|
er of dimensions and set of lengths in eachidimension), but scalars may be included freg
terpreted as being broadcast to a conforming array. Expressions are evaluated

2 Array sections (2.4.5, 6.2.2.3)
ver whole arrays may beused, it is also possible to use subarrays called “sections”.

1:N, 2, 3:1:-1)

Foj

ion, position 2\ of the third dimension and positions 1 to 3 in reverse order of
ion. This isvanartificial example chosen to illustrate the different forms. Of course
y be to select-a row or column of an array, for example:

J)

or example,

by-element;
rresponding
ment of A.
ar versions.
same shape
ly and these
before any

example:

the second
the fourth
a common

3 \WHERE statement (7.5.3)

The WHERE statement applies a conforming logical array as a mask on the individual operations in the
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.13.1.4 Automatic 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 érray WORK and an allocatable array HEAP. Note that a stack is an adequate
storage mechanism for the implementation of automatic arrays, but a heap will be needed for allocatable
arrays.

C.13.1.5 Array|constructors (4.5)

Arrays, and in particular array constants, may be constructed with array constructors exemplified by:
(/ 1.0, 3.0, .2 0N

which is a rankHone array of size 3,

(/ 13,2.7,(L=1,10,71 /)

which is a rank{one array of size 21 and contains the pair of real constants 13-and 2.7 repeated 10 times
followed by 7.1 and

/a, 1=1N0 70

which contains the integers 1, 2, ..., N. Only rank-one arrays maybe"constructed in this way, but higher
dimensional arrjys may be made from them by means of the intrinsic function RESHAPE.

C.13.1.6 Intrinsic functions

All of the FORTRAN 77 intrinsic functions except LEN and all of the scalar intrinsic functions that have
been added to the language, except REPEAT and TRIM, have been extended to be applicable to arrajys.
Each such funct{on is applied element-by-element to produce an array of the same shape. In addition, the
following array [intrinsics have been added, many-of which return array-valued results.

C.13.1.6.1 Vector and matrix multiply functions

DOT_PRODYCT (VECTOR A, VECTOR ‘B)
MATMUL (MATRIX A, MATRIX(B)

Dot product of two arrays
Matrix multiplication

C.13.1.6.2 Arrqy reduction functions

ALL (MASK, DIM)

ANY (MASK, DIM)

COUNT (MASK, 'DIM)

MAXVAL (ARRAY, DIM, MASK)

True if all values are true

True if any value is true

Number of true elements in an array
Maximum value in an array

MINVAL (ARRAY, DIM, MASK)
PRODUCT (ARRAY, DIM, MASK)
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)

Minimum value in an array
Product of array elements
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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