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Foreword

ISO (the International Organization for Standardization) and IEC (the International
Electrotechnical Commission) form the specialized system for worldwide standardization.
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 techical 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.

Int field-of-information tnn‘nnr\]ng‘}rl ISO_and IEC have established a }'ninf technical committee,

LA ¥ wr o~ o vy

ISOYIEC JTC 1. Draft International Standards adopted by the joint technical conimittee are
circtilated to national bodies for voting. Publication of an International Standard requites gpproval
by 4t least 75% of the national bodies casting a vote.

Intefnational Standard ISO/IEC 1539-1 was prepared by Joint Techhical Committee
ISOYIEC/JTC1, Information technology, Subcommittee SC22, Programmming languages, their
environments and system software interfaces.

Thig edition cancels and replaces ISO/IEC 1539:1991, which has(beén technically reyised.

ISOYIEC 1539 consists of the following parts, under the general) title Information technplogy —
Programming languages — Fortran:

— Part 1: Base language
— Part 2: Varying length character strings

Annexes A to D of this part of ISO/IEC 1539 are foriinformation only.

xiii
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Introduction

Standard programming language Fortran

This part of the international standard comprises the specification of the base Fortran language.
With the limitations noted in 1.5.1, and the deletions described in Annex B, the syntax and
semantics of Fortran 90 are contained entirely within Fortran 95. Therefore, any standard-
conforming Fortran 90 program not containing deleted features or affected by such limitations is a
standard conforming Fortran 95 program. New features of Fortran 95 can be compatibly
incorporated into such Fortran 90 programs, with any exceptions indicated in the text of this part
of the standard.

Fortran| 95 continues the evolutionary model introduced in Fortran 90 by deleting sevenal of the
features marked as obsolescent in Fortran 90 and identifying a few newly-obsolescent feafures
(Annex|B).

Fortran| 95 is a relatively minor evolution of standard Fortran, with the emphasis in this revision
being ypon correcting defects in the Fortran 90 standard, including providing interpretation|to a
numbey of questions that have arisen concerning Fortran 90 semantics andJsyntax (e.g., whe¢ther
blanks pre permitted within edit descriptors in free source form). In addition to such corrections
and clgrifications, Fortran 95 contains several extensions to Fortran)90; there are three mpajor
extensipns:

(1) The FORALL statement and construct
(3) PURE and ELEMENTAL procedures
)

(:

FORALL

The Fortran 90 array constructor and SPREADvand RESHAPE intrinsic functions are powgrful
tools fqr element-by-element construction ofran array value. Their use in combination, whith is
required for many array values, can be dwkward. Fortran 95 therefore provides a simple|and
efficient alternative: the FORALL stdtement allows array elements, array sections, character
substrings, or pointer targets to be explicitly specified as a function of the element subscripts. | The
form of the FORALL statement is\very much like a functionally equivalent set of nested DO lpops
for computing and assigning the/elements of an array, except that conceptually all elements are
computed simultaneously and then assigned simultaneously. An added benefit of FORALL is|that
it simplifies conversionfrom sequential DO loops to parallel array operations. A FORALL
construct allows severdl stich array assignments to share the same element subscript control. |This
control| includes masking in a manner similar to the masking facilities of WHERE, the main
differenice between-WHERE and FORALL being that FORALL makes use of element subscfipts
whereas WHERE is whole array oriented.

Pointer initialization and structure default initialization

PURE

As has always been the case in Fortran, Fortran 95 functions may have side effects (e.g., change the
value of an argument or a global variable). Side effects cause problems in parallel processing,
however, and because parallel processing has become an important high performance technology,
Fortran 95 makes it possible to specify a function to be side effect free. Such a function is called
"pure” and is declared with the keyword PURE in the function statement. A restricted form of
PURE functions may be called elementally; such ELEMENTAL functions are especially important
to high performance parallel processing. An added advantage of pure functions is that it is
reasonable to allow them in specification expressions; this provides a significant amount of
functionality, with very little cost, and therefore this capability has also been included in Fortran
95.

Xiv
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Initialization

In Fortran 90 there was no way to define the initial pointer association status — a pointer has to be
explicitly nullified, allocated, or associated with a target during execution before it can be tested by
the ASSOCIATED intrinsic function. This limits the usefulness of pointers, especially the use of
pointers as derived-type components. Fortran 95 therefore solves this problem by providing (a) a
NULL intrinsic function that may be used to nullify a pointer and (b) a means to specify default
initial values for derived-type components. In the latter case the specification of initial values is
part of the derived-type definition, and objects declared of this type automatically have all their
components so initialized.

Orgl;anizaﬁon of this part of ISO/IEC 1539

This| part of ISO/IEC 1539 is organized in 14 sections, dealing with 7 conceptual areas. [These 7
areap, 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
Execution control Section 8
Input/output Sections.9; 10
Program units Sections 11, 12

Scoping and association rules Section 14

High/low level concepts

Sectjon 2 (Fortran terms and concepts) contains’many of the high level concepts of Fortrah. This
inclydes the concept of a program and the relationships among its major parts. Also included are
the syntax of program units, the rules for-Statement ordering, and the definitions of many of the
fundamental terms used throughout this\part of ISO/IEC 1539.

Sectfon 3 (Characters, lexical tokens; and source form) describes the low level elements of Fortran,
such as the character set and the‘allowable forms for source programs. It also contains the rules
for fonstructing literal congstants and names for Fortran entities, and lists all of the [Fortran
opetators.

Datq concepts

The |array operations and data structures provide a rich set of data concepts in Fortran. The main
condepts are those of data type, data object, and the use of data objects, which are desctibed in
Sectjons 4, 5,and 6, respectively.

Sectjory 4_(Intrinsic and derived data types) describes the distinction between a data type and a
datal objéct, and then focuses on data type. It defines a data type as a set of data|values,
corresponding forms (constants) for representing these values, and operations on these values.
The concept of an intrinsic data type is introduced, and the properties of Fortran’s intrinsic types
(integer, real, complex, logical, and character) are described. Note that only type concepts are
described here, and not the declaration and properties of data objects.

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

type.

XV


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

ISO/IEC 1539-1:1997(E) © ISO/IEC

Section 5 (Data object declarations and specifications) describes in detail 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 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 (Amn'qu +yPo) r\]’\jnr‘h:, structure components and arrav elements.  Arrav variables
include| whole arrays and array sections. Among the array facilities described here aré| grray
operatipns, allocation and deallocation (user controlled dynamic arrays). New in Fortran 95 is
automaltic deallocation of allocatable arrays in situations that caused them in Fortran™90 to have
undefirfed allocation status; this decreases potential problems due to allocated memory l¢aks.
Note that this applies only to arrays declared with the ALLOCATABLE attribute~1iot to pointers.

Compufations

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

Section| 7 also describes assignment of computational: results to data objects, which has |four
principal forms: the conventional assignment statement, the pointer assignment statement; the
WHERE statement and construct, and the FORAFEL statement and construct. The WHERE| and
FORAI|L statements and constructs allow magked array assignment, the main difference betyeen
WHERE and FORALL being that FORALLntakes use of element subscripts whereas WHERE is
whole array oriented.

Section 13 (Intrinsic procedures) describes more than one hundred intrinsic procedures|that
providg a rich set of computationallcapabilities. In addition to the Fortran 90 intrinsic procedures,
this indludes CPU_TIME, NULL, and extensions to CEILING, FLOOR, MAXLOC, and MINLQC.

Executfon control

Sectior] 8 (Execution,control) describes the control constructs (IF, CASE, and DO), and the control
statements (IF, CONTINUE, GO TO, and STOP).

Input/qutput

Sectior] 9(Input/output statements) contains definitions for records, files, file connections (OPEN,

1 1 P B a4 | AN | L Lot 1o (RPEAD JAIRYL n. 1
CLOSE; = precomtectectites); tatatranster-statements{ace v VRITE—and PRH\JT) thatdndlude

processing of partial and variable length records, file positioning (REWIND and BACKSPACE),
and file inquiry (INQUIRE).

Section 10 (Input/output editing) describes input/output formatting. This includes the FORMAT
statement and FMT= specifier, edit descriptors, list-directed formatting, and namelist formatting.
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

XVi
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units. Modules are described as vehicles for defining global derived-type definitions, global data
object declarations, procedure libraries, and combinations thereof.

Section 12 (Procedures) contains a comprehensive treatment of procedure definition and
invocation, including that for user-defined functions and subroutines. The concepts of implicit and
explicit procedure interfaces are explained, and situations requiring explicit procedure interfaces
are identified. The rules governing actual and dummy arguments, and their association, are
described. PURE procedures and ELEMENTAL procedures (which are PURE procedures that may
be called elementally) are free of side effects, thereby facilitating parallel processing.

Section 12 also describes the use of the OPERATOR option in interface blocks to allow function
invofation in the form of infix and prefix operators as well as the traditional functiongl form.
Similarly, the use of the ASSIGNMENT option in 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 procédures apd the
CONTAINS statement, statement functions, generic procedure names, and the@eans of agcessing
non-Fortran procedures.

Scopgng and association rules

Sectipn 14 (Scope, association, and definition) explains the use of(the term "scope" and dgscribes
the qcope properties of various entities, including names and .Operators. Also described |are the
general rules governing procedure argument association,’ pointer association, and ptorage
assofiation. Finally, Section 14 describes the events that eause variables to become defined (have
predictable values) and events that cause variables to bécome undefined.

Annexes
Annex A. A glossary of common and important terms used in this part of ISO/IEC 1539.

Annex B. A list of all obsolescent features*and descriptions of all deleted features. Obsglescent
featyres are still part of Fortran 95 and“are described in the normative portions of this [part of
ISOAIEC 1539. Deleted features are) not part of standard Fortran 95, but they are described
completely in this annex for the bénefit of those implementations that provide complete bafkward
compatibility with Fortran 90.

Annex C. Long notes of explanation, examples, rationales and other informative mnjaterial.
Whelrever feasible such material is integrated into the normative sections of this part of I$O/IEC
1539} but clearly identified as supporting informative material. In those cases in whidh such
infogmative material\is so extensive that it would unduly disrupt the flow of normative didcourse,
the material is placed in this annex.

Anngx D. A_comprehensive index to this part of ISO/IEC 1539, including the use of pfincipal
terms in the syntax rules.
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Information technology — Programming languages —
Fortran —

Part 1:
Base language

Section 1: Overview

1.1 | Scope

ISO/MEC 1539 is a multipart International Standard; the parts are published)separately} This
publication, ISO/IEC 1539-1, which is the first part, specifies the form ‘and establishes the
interpretation of programs expressed in the base Fortran language. The lpurpose of this [part of
ISOMEC 1539 is to promote portability, reliability, maintainability, 4nd efficient execution of
Fortfjan programs for use on a variety of computing systems. The seCend part, ISO/IEC [1539-2,
defines additional facilities for the manipulation of character trings of variable length. A
procgssor conforming to part 1 need not conform to ISO/IEC @539-2; however, conformance to
ISO/IEC 1539-2 assumes conformance to this part. Throughout this publication, the term “this
standard” refers to ISO/IEC 1539-1.

1.2 | Processor

The fombination of a computing system and the, mechanism by which programs are transformed
for use on that computing system is called a pfocessor in this standard.

1.3 | Inclusions

This [standard specifies

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

(3)  The form of the input data to be processed by such a program, and
(4) The form-of the output data resulting from the use of such a program.

1.4 | Exclusions

This standard does not specify

()~ The mechanism by which programs are transformed for use on computing systems,

L0

{2y Ttreoperations Tequiredfor setup—ard cormntrot of the use of programs on computing
systems,

(3) The method of transcription of programs or their input or output data to or from a
storage medium,

(4) The program and processor behavior when this standard fails to establish an
interpretation except for the processor detection and reporting requirements in items
(2) through (8) of 1.5,

(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,
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(7) The physical properties of input/output records, files, and units, or
(8) The physical properties and implementation of storage.

1.5 Conformance

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

A processor conforms to this 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 o the|size
and complexity of the program;
(?) It contains the capability to detect and report the use within a submitted program funit

of a form designated herein as obsolescent, insofar as such use car be detectedl by
reference to the numbered syntax rules and their associated constraints;

(3) It contains the capability to detect and report the use within @/’submitted program funit
of an additional form or relationship that is not permitted by the numbered syntax
rules or their associated constraints, including the deleted-features described in Apnex
B;
(4) It contains the capability to detect and report the use’within a submitted program|unit
of kind type parameter values (4.3) not supported.by the processor;
(3) It contains the capability to detect and report.the use within a submitted program|unit
of source form or characters not permitted.by Section 3;
(6) It contains the capability to detect and report the use within a submitted program of
name usage not consistent with the€“scope rules for names, labels, operators,|and
assignment symbols in Section 14;
() It contains the capability to detect and report the use within a submitted program|unit
of intrinsic procedures whose names are not defined in Section 13; and
(8) It contains the capability to detect and report the reason for rejecting a submitted
program.

Howevr, in a format specification that is not part of a FORMAT statement (10.1.1), a processor
need npt detect or report the.use of deleted or obsolescent features, or the use of additional fprms
or relationships.

A stanfard-conforming-processor may allow additional forms and relationships provided| that
such adlditions do-not conflict with the standard forms and relationships. However, a standard-
conforming processor may allow additional intrinsic procedures even though this could cagise a
conflict withhe name of a procedure in a standard-conforming program. If such a conflict ogcurs
and inpolves the name of an external procedure, the processor is permitted to use the intfinsic
procedpré-anless the name is given an interface body or the EXTERNAL attribute in the same
scoping unit (I4). A standard-conforming program shall not use nonstandard mirinsic procedures
that have been added by the processor.

Because a standard-conforming program may place demands on a processor that are not within the
scope of this standard or may include standard items that are not portable, such as external
procedures defined by means other than Fortran, conformance to this standard does not ensure
that a program will execute consistently on all or any standard-conforming processors.

In some cases, this standard allows the provision of facilities that are not completely specified in
the standard. These facilities are identified as processor dependent, and they shall be provided,
with methods or semantics determined by the processor.
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NOTE 1.1

The processor should be accompanied by documentation that specifies the limits it imposes
on the size and complexity of a program and the means of reporting when these limits are
exceeded, that defines the additional forms and relationships it allows, and that defines the
means of reporting the use of additional forms and relationships and the use of deleted or
obsolescent forms. In this context, the use of a deleted form is the use of an additional form.

The processor should be accompanied by documentation that specifies the methods or
semantics of processor-dependent facilities.

1.5.1 Fortran 90 compatibility

Except as noted in this section, this standard is an upward compatible extension to, the pre¢ceding
Fortfan International Standard, ISO/IEC 1539:1991, informally referred to as Fortran 90. Any
standard-conforming Fortran 90 program that does not use one of the deleted featureq below
remains standard-conforming under this standard. The following features, present in Fortran 90
are rjot present in this standard (B.1):

(1) Real and double precision DO variables,

(2) Branching to an ENDIF statement from outside its IF construct,

(3) PAUSE statement,

(4)  ASSIGN and assigned GOTO statements and assigned format specifiers, and
(5) H edit descriptor.

INOTE 1.2
Bince a standard-conforming program is permitted to contain only forms and relatignships
Hescribed in this standard, any standard-conforming Fortran 90 program that contains|any of
these deleted features is not standard-conforming under this standard.

The following Fortran 90 features have different interpretations in this International Standard:

(1)  If the processor can distinguish between positive and negative real zero, the bghavior
of the SIGN intrinsic function when the second argument is negative real |zero is
changed by this standard.

(2) This standard has more intrinsic procedures than did Fortran 90. Thergfore, a
standard-conforming Fortran 90 program may have a different interpretatior] under
this standard if it invokes an external procedure having the same name as on¢ of the
new standard intrinsic procedures, unless that procedure is specified in an EXTERNAL
statement or an interface body.

1.5.2 FORTRAN-77 compatibility

Except as noted in this section, the Fortran 95 Standard is an upward compatible extension to the
earlipr Forfran International Standard, ISO 1539:1980, informally referred to as FORTRAN 7. Any
stanlEard-conforming FORTRAN 77 program that does not use one of the deleted features ljsted in
1.5.1 remains standard conforming under the Fortran 95 Standard; however, see item (4) below
regarding intrinsic procedures. The Fortran 95 Standard restricts the behavior for some features
that were processor dependent in FORTRAN 77. Therefore, a standard-conforming FORTRAN 77
program that uses one of these processor-dependent features may have a different interpretation
under the Fortran 95 Standard, yet remain a standard-conforming program. The following

FORTRAN 77 features have different interpretations in the Fortran 95 Standard:

(1) FORTRAN 77 permitted a processor to supply more precision derived from a real
constant than can be represented in a real datum when the constant is used to initialize
a data object of type double precision real in a DATA statement. The Fortran 95
Standard does not permit a processor this option.
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2)

®3)

(4)

If a named variable that was not in a common block was initialized in a DATA
statement and did not have the SAVE attribute specified, FORTRAN 77 left its SAVE
attribute processor dependent. The Fortran 95 Standard specifies (5.2.10) that this
named variable has the SAVE attribute.

FORTRAN 77 required that the number of characters required by the input list was to be
less than or equal to the number of characters in the record during formatted input.
The Fortran 95 Standard specifies (9.4.4.4.2) that the input record is logically padded
with blanks if there are not enough characters in the record, unless the PAD= specifier
with the value 'NO' is specified in an appropriate OPEN statement.

The Fortran 95 Standard has more intrinsic functions than did FORTRAN 77 and adds a

(6)

1.6 Notation used in this standard

few intrinsic subroutines. Therefore, a standard-conforming FORTRAN 77/ program [may
have a different interpretation under the Fortran 95 Standard if it invokes an(ext¢rnal
procedure having the same name as one of the new standard intrinsic procedpres,
unless that procedure is specified in an EXTERNAL statement as recommended for
nonintrinsic functions in appendix B of the FORTRAN 77 standard.

A value of 0 for a list item in a formatted output statement will be formatted |in a
different form for some G edit descriptors. In addition, the Fortran 95 stanfdard
specifies how rounding of values will affect the output field form, but FORTRAN 77 did
not address this issue: therefore, some FORTRAN 77 processofs'may produce a diff¢rent
output form than Fortran 95 processors for certain combinations of values and G| edit
descriptors.

If the processor can distinguish between positive and negative real zero, the behavior
of the SIGN intrinsic function when the second argument is negative real zeto is
changed by this standard.

In this|standard, "shall” is to be interpreted as~a’requirement; conversely, "shall not" is tp be
interpreted as a prohibition. Except where stated otherwise, such requirements and prohibifions

apply to programs rather than processors.

1.6.1 | Informative notes

Informative notes of explanation,rationale, examples, and other material are interspersed with the
normatﬂfve body of this standard.) The informative material is identified by shading and is pon-

norma

1.6.2 | Syntax rules

ive.

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

which:
(1)< Characters from the Fortran character set (3.1) are interpreted literally as shown, except
where otherwise noted
(2) Lower-case italicized letters and words (often hyphenated and abbreviated) represent

general syntactic classes for which specific syntactic entities shall be substituted in
actual statements.

Common abbreviations used in syntactic terms are:

stmt for statement attr  for attribute
expr for expression decl for declaration
spec for specifier def  for definition
int  for integer desc for descriptor
arg  for argument op for operator
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(3)

The syntactic metasymbols used are:

is introduces a syntactic class definition
or introduces a syntactic class alternative
[1 encloses an optional item

[1.. encloses an optionally repeated item

which may occur zero or more times

| continues a syntax rule

one- or two-digit section number and nn is a two-digit sequence number within that
section. The syntax rules are distributed as appropriate throughout the fext, and are
referenced by number as needed. Some rules in Sections 2 and 3 are mofe fully
described in later sections; in such cases, the section number s is the’numbet of the
later section where the rule is repeated.

4

When specific entities are substituted for digit, actual digit strings might be:

67

digit digit digit digit digit digit digit digit

L999
10243852

(5) The syntax rules are not a complete and accurate syntax desecription of Fortran, and
cannot be used to automatically generate a Fortran parser; where a syntax|rule is
incomplete, it is restricted by the corresponding constraints-and text.

NOTE 1.3
fAn example of the use of the syntax rules is:
digit-string is  digit [ digit ] ...
The following are examples of forms for a digit stringallowed by the above rule:
digit
digit digit
digit digit digit digit

1.6.3

In o1

b

Assumed syntax rules

der to minimize (the number of additional syntax rules and convey appropriate comstraint

information, the following rules are assumed. The letters "xyz" stand for any legal syntactic class
phrage:

xyz-list is xyz[,xyz]..

xyz~tame is name

scalar-xyz is  xyz
Constraint:  scalar-xyz shall be scalar.

1.6.4 Syntax conventions and characteristics

@)

()

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

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

(4)

©)

1.6.5 Jexiconventions

The suffix "-spec” is used consistently for specifiers, such as input/output statement
specifiers. It also is used for type declaration attribute specifications (for example,
"array-spec” in R513), and in a few other cases.

When reference is made to a type parameter, including the surrounding parentheses,
the suffix "-selector” is used. See, for example, "kind-selector" (R506) and "length-selector"
(R508).

The term "subscript" (for example, R617, R618, and R619) is used consistently in array
definitions.

In the [descriptive text, an English word equivalent of a BNF syntactic term is usually" psed.
Specifi¢ statement keywords and attributes are identified in the text by the upper-case keyword,
e.g., "END statement”. Boldface words are used in the text where they are first defined wjith a

specialjzed meaning. Obsolescent features (1.7) are shown in a distinguishing type size.
NQTE 14

lThis sentence is an example of the size used for obsolescent features.

1.7 |Deleted and obsolescent features

This standard protects the users' investment in existing software by including all but five df the
language elements of Fortran 90 that are not processor dependent. This standard identifie§ two
categoties of outmoded features. There are five in the(first category, deleted features, which

consistp

of features considered to have been redundaft in FORTRAN 77 and largely unus¢d in

Fortrar} 90. Those in the second category, obsolescent features, are considered to have [been

redundant in Fortran 90, but are still frequently used:.

1.7.1 | Nature of deleted features

M
®

1.7.2 | Nature of obsolescent features

()
®

®)

4)

®)

Better methods existed in FORTRAN 77.
These features are not included in this revision of Fortran.

Better methods existed in Fortran 90.

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

These features are identified in the text of this document by a distinguishing type font
(1.6.5),

If<the use of these features has become insignificant in Fortran programs, future
Fortran standards committees should consider deleting them from the next revisipn.

The next Fortran standards committee should consider for deletion only those

(6)

1 £ b tload . tla-eo-licbmadf-al 1 £ %
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Processors supporting the Fortran language should support these features as long as
they continue to be used widely in Fortran programs.

1.8 Modules

This standard provides facilities that encourage the design and use of modular and reusable
software. Data and procedure definitions may be organized into 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.
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1.9 Normative references

The following standards contain provisions which, through reference in this standard, constitute
provisions of this standard. At the time of publication, the editions indicated were valid. All
standards are subject to revision, and parties to agreements based on this standard are encouraged
to investigate the possibility of applying the most recent editions of the standards indicated below.
Members of IEC and ISO maintain registers of currently valid International Standards.

ISO 8601:1988, Data elements and interchange formats—Information interchange—
Representation of dates and times.

ISO/IEC 646:1991, Information technology—ISO 7-bit coded character set for information interchqnge.
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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 notation

used 1n this standard 15 described mn 1.6.
NOTE 2.1

Some of the syntax rules in this section are subject to constraints that are given only
pppropriate places in later sections.

at the

R201 program is program-unit
[ program-unit ] ...

A prpgram shall contain exactly one main-program program-unit.

R203  program-unit is main-program
or external-subprogram
or module
or block-data

R1141 main-program is [ program-stmtq]

[ specification-part ]

[ execution-part ]

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

R203  external-subprogram is funttion-subprogram
or. subroutine-subprogram

R1216 function-subprogram is function-stmt

[ specification-part ]

[ execution-part ]

[ internal-subprogram-part ]
end-function-stmt

R12231 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
R1112 block-data is block-data-stmt
[ specification-part ]
end-block-data-stmt
R204  specification-part is [ use-stmt] ...
[ implicit-part ]
[ declaration-construct | ...
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R205  implicit-part

R206  implicit-part-stmt

R207 declaration-construct

is

is
or
or
or
is
or
or

[ implicit-part-stmt | ...
implicit-stmt

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

derived-type-def

interface-block
type-declaration-stmt

© ISO/IEC

R208 |execution-part

R209 |execution-part-construct

R210 [internal-subprogram-part

R211 |internal-subprogram

R212 |module-subprogram-part

R213 |module-subprogram

R214 |specification-stmt

or
or
or
or
or

is

is
or
or
or

is

is
or

is

is
or
is
or
or
or
or
or
or
or

specification-stmt
parameter-stmt
format-stmt
entry-stmt
stmt-function-stmt

executable-construct

[ execution-part-construct | ...

executable-construct
format-stmt
entry-stmt

data-stmt

contains-stmt
internal-subprogram
[ internal-subprogram ] ...

function-subprogram
subroutinezsubprogram

contains-stmt
module-subprogram
[ module-subprogram ] ...

function-subprogram
subroutine-subprogram

access-stmt
allocatable-stmt
common-stmt
data-stmt
dimension-stmt
equivalence-stmt
external-stmt
intent-stmt

R215  executable-construct

10

or
or
or
or
or
or
is

or
or
or
or

TPtTIFSIC=Stmmt
namelist-stmt
optional-stmt
pointer-stmt
save-stmt
target-stmt

action-stmt
case-construct
do-construct
forall-construct
if-construct
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R216

or where-construct

action-stmt is allocate-stmt
or assignment-stmt
or backspace-stmt
or call-stmt
or close-stmt
or continue-stmt
or cycle-stmt
or deallocate-stmt

ISO/IEC 1539-1:1997(E)

Cong

2.2

Prog|
mair
may
are t
initia
Secti|

or endjile-stit

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

or forall-stmt

or goto-stmt

or if-stmt

or inquire-stmt

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 writesstmt

or arithmetic-if-stmt
or -computed-goto-stmt

end-subroutine-stmt,

Program unit concepts

ram units are the'fundamental components of a Fortran program. A program unit m
program, an.external subprogram, a module, or a block data program unit. A subp
be a function-subprogram or a subroutine subprogram. A module contains definitio
b be made‘accessible to other program units. A block data program unit is used to
1 values.for data objects in named common blocks. Each type of program unit is descx
pns 11 or 12. An external subprogram is a subprogram that is not in a main prog

traint: An execution-part shall’ not contain an end-function-stmt, end-program-stmt, or

hy be a
rogram
ns that
specify
ibed in
ram, a

mod

ile) Or another subprogram. An internal subprogram is a subprogram that is in

h main

program or another subprogram. A module subprogram is a subprogram that is in a module but

is no

t 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 in it (12.3.2.1), or

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

interface bodies, and subprograms in it.

A scoping unit that immediately surrounds another scoping unit is called the host scoping unit.

11
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2.2.1 Program

A 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 as long as there is only one main program unit.

NOTE 2.2

There is a restriction that there shall be no more than one unnamed block data program unit
(11.4).

Since the public portions of a module are required to be available by the time a module

refi ed, a processor may require a specific order of processing of the
program units.

2.2.2 | Main program

The mgin program is described in 11.1.

2.2.3 | Procedure

A prodedure encapsulates an arbitrary sequence of computations thatnay be invoked directly
during| program execution. Procedures are either functions or sdbyoutines. A function|is a
procedpre that is invoked in an expression; its invocation causes a-value to be computed which is
then uged in evaluating the expression. The variable that returns the value of a function is cplled
the result variable. A subroutine is a procedure that is irfyoked in a CALL statement or [by a
deﬁne?assignment statement (12.4, 12.4.3, 7.5.1.3). Unless(t)is a pure procedure, a subroutine|may
be usedl to change the program state by changing the values of any of the data objects accessible to
the subroutine; unless it is a pure procedure, a function'may do this in addition to computing the
functign value.

Procedjures are described further in Section 12,

2.2.3.1) External procedure

An extprnal procedure is a procedure ‘that is defined by an external subprogram or by means pther
than Fortran. An external proceduretmay be invoked by the main program or by any proceddre of
a progtam.

2.2.3.2 Module procedure

A module procedure i a’procedure that is defined by a module subprogram (R213). A mgdule
procedure may be irtvoked by another module subprogram in the module or by any scoping unit
that agcesses theJmodule procedure by use association (11.3.2). The module containing the
subprdgram is called the host of the module procedure.

containing main program or subprogram is called the host of the internal procedure. An mternal
procedure is local to its host in the sense that the internal procedure is accessible within the
scoping units of the host and all its other internal procedures but is not accessible elsewhere.

2.2.3.4 Procedure interface block

The purpose of a procedure interface block is to describe the interfaces (12.3) to a set of
procedures and to optionally permit them to be invoked through either a single generic name, a
defined operator, or a defined assignment. It determines the forms of reference through which the
procedures may be invoked (12.4).

12
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2.2.4 Module

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

2.3

Eaclf Fortran statement is classified as either an executable statement or a nonexecutablé staltement.
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.

23.

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 statempents of
a program unit determine the computational behavior of the program unit. The exdcutable
ents are all of those that make up the syntactic class of exéeytable-construct.

Executable/nonexecutable statements

xecutable statements do not specify actions; they are used to configure the program
envifonment in which computational actions take placet« The nonexecutable statements|are all
those not classified as executable. All statementsyin’ a block data program unit shall be
nongxecutable. A module is permitted to contain executable statements only within a subprogram
in the module.

Table 2.1 Requirements on statement ordering

PROGRAM, FUNCTION, SUBROUTINE,
MODULE,; or BLOCK DATA statement

USE statements

IMPLICIT NONE
PARAMETER IMPLICIT
statements statements
FORMAT Derived-type definitions,
and PARAMETER interface blocks,
ENTRY and DATA | type declaration statements,
statements | statements specification statements,
and statement function statements
DATA Executable
statements constructs

CONTAINS statement

Internal s1 1hprnornm S
or module subprograms
END statement

2.3.2 Statement order

The syntax rules of subclause 2.1 specify the statement order within program units and
subprograms. These rules are illustrated in Table 2.1 and Table 2.2. Table 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 shall not be interspersed. Internal or module subprograms shall follow a

13
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CONTAINS statement. Between USE and CONTAINS statements in a subprogram, nonexecutable
statements generally precede executable statements, although the ENTRY statement, FORMAT
statement, and DATA statement may appear among the executable statements. Table 2.2 shows which
statements are allowed in a scoping unit.

Table 2.2 Statements allowed in scoping units

Kind of scoping unit: Main |/ 0le Block |External| Module | Internal | Interface
program data |subprog|subprog | subprog | body
USE statement Yes Yes Yes Yes Yes Yes Yes
ENTRY._statement No No No Yes Yes No No
FO T statement Yes No No Yes Yes Yes No
Misc. declarations (see note) Yes Yes Yes Yes Yes Yes Yesg
DATA [statement Yes Yes Yes Yes Yes Yes No
Derived-type definition Yes Yes Yes Yes Yes Yes Yes
Interface block Yes Yes No Yes Yes Yes Yes
Executable statement Yes No No Yes Yes Yes No
CONTAINS statement Yes Yes No Yes Yes No Ng
Statement function statement Yes No No Yes Yes Yes No|
Notes for Table 2.2:
1) Misc. declarations are PARAMETER statements, IMPLICIT statemrents, type declaration
dtatements, and specification statements.
2) Derived type definitions are also scoping units, but they do not contain any of the above
gtatements, and so have not been listed in the table.
3) The scoping unit of a module does not include any mgdule subprograms that the module contajns.
2.3.3 |The END statement
An endiprogram-stmt, end-function-stmt, end-subroutine-stmt, end-module-stmt, or end-block-data-stint is
an ENID statement. Each program unit, modale subprogram, and internal subprogram shall have
exactly| one END statement. The end-program-stmt, end-function-stmt, and end-subroutinerstmt
stateménts are executable, and may be-branch target statements. Executing an end-programystmt
causes | termination of execution  of the program. Executing an end-function-stmf or
end-subyoutine-stmt is equivalent to €xecuting a return-stmt in a subprogram.
The end-module-stmt and end-block-data-stmt statements are nonexecutable.
2.3.4 | Execution sequence
Executjon of a progtam begins with the first executable construct of the main program. | The
execution of a main-program or subprogram involves execution of the executable constructs wjithin
its scoping unit._When a procedure is invoked, execution begins with the first executable condtruct

appear|

ing after"the invoked entry point. With the following exceptions, the effect of execution is

as if thp executable constructs are executed in the order in which they appear in the main program
or subprogram until a STOP, RETURN, or END statement is executed. The exceptions are the
following;:

14

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

statements explicitly specify a new starting place for the execution sequence.

(2) CASE constructs, DO constructs, and IF constructs contain an internal statement

structure and execution of these constructs involves implicit internal branching.
Section 8 for the detailed semantics of each of these constructs.

(3) END-=, ERR=, and EOR= specifiers may result in a branch.

(4)  Alternate returns may result in a branch.

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

2.4 Data concepts

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

2.4.1 Data type

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

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

2.4.1.1 Intrinsic type

An |ntrinsic type is a type that is defined implicitly, along with- operations, and is |always
accegsible. The intrinsic types are integer, real, complex, character, and logical. The propgrties of
intrihsic types are described in 4.3. An intrinsic type may be parameterized, in which case the set
of ciEa values depends on the values of the parameters.  Such a parameter is called|a type

parameter (4.3). The type parameters are KIND and LEN.

The [kind type parameter indicates the decimal exponent‘range for the integer type (4.3.1.1), the
decifnal precision and exponent range for the real and’complex types (4.3.1.2, 4.3.1.3), and the
representation methods for the character and logicalitypes (4.3.2.1, 4.3.2.2). The character length
parajmeter specifies the number of characters for the character type.

2.4.1.2 Derived type

A derived type is a type that is not defined implicitly but requires a type definition to|declare
components of intrinsic or of other derived types. A scalar object of such a derived type is called
a stfucture (5.1.1.7). The only_intrinsic operation for derived types is assignment with type
agrepment (7.5.1.5). For each derived type, structure constructors are available to providg values
(4.4.4). In addition, data objects of derived type may be used as procedure arguments and function
results, and may appear in input/output lists. If additional operations are needed for a derived
type, they shall be supplied as procedure definitions.

Derived types are described further in 4.4.

2.4.2 Datawvalue

Eacl} intrifigic type has associated with it a set of values that a datum of that type may take. The
values/for‘each intrinsic type are described in 4.3. Because derived types are ultimately specified
int intrinsi es, the values that objects of a derived type may assume are
determined by the type definition and the sets of values of the intrinsic types.

2.4.3 Data entity

A data entity is a data object, the result of the evaluation of an expression, or the result of the
execution of a function reference (called the function result). A data entity has a data type (either
intrinsic or derived) and has, or may have, a data value (the exception is an undefined variable).
Every data entity has a rank and is thus either a scalar or an array.

15
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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), 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.

Objectsrreferenced-by-a—name-are:

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

Subobjécts referenced by a subobject designator are:

an prray element (a scalar subobject)
an prray section (an array subobject)
a sfructure component (a scalar or an array subobject)
a spibstring (a scalar subobject)

2.43.111 Variable

A varigble may have a value and may be defined and redefined during execution of a program.

2.4.3.112 Constant

A con;s:[ant has a value and cannot become defined or tedefined during execution of a program. A

constant with a name is called a named constant and has the PARAMETER attribute (5.1.2.1). A
constant without a name is called a literal constant’(4.3).

2.4.3.113 Subobject of a constant

A subgbject of a constant is a portionof a constant. The portion referenced may depend on the
value qf a variable.

NOTE 2.3

For example, given: .

c:&::c'rzn (LEN = 10)," PARAMETER :: DIGITS = '0123456789'
c CTER (LEN = (1) :: DIGIT

INTEGER :: I

DIGIT = DIGITS (I:I)

DIGITS is-a named constant and DIGITS (I:I) designates a subobject of the constant DIGITS.

2.4.3.2| ExXpression

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

2.4.3.3 Function reference

A function reference (12.4.2) produces a data entity when the function is executed during
expression evaluation. The type and rank of a function result are determined by the interface of
the function (12.2.2). The value of a function result is determined by execution of the function.

16
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2.4.4 Scalar

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

NOTE 24
IA structure is scalar even if it has arrays as components. l

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

245 Aray

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

An prray may have up to seven dimensions, and any extent (number ‘of “elements) [in any
dim¢nsion. The rank of the array is the number of dimensions, and its size'i$ the total number of
elements, which is equal to the product of the extents. An array may have zero size. The shape of
an afray is determined by its rank and its extent in each dimension,afnd may be represented as a
rank-one array whose elements are the extents. All named arraysshall be declared, and the rank
of alnamed array is specified in its declaration. The rank of(aynamed array, once declared, is
constant and the extents may be constant also. However, thé extents may vary during execution
for 4 dummy argument array, an automatic array, a pointer artay, and an allocatable array.

Twolarrays are conformable if they have the same shape,) A scalar is conformable with anjy array.
Any| intrinsic operation defined for scalar objects may be applied to conformable objects. Such
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 dperand
arrays are involved in a "scalar-like" operatiott.to produce the corresponding element in the result
array, and all such element operations maytbe performed in any order or simultaneously. $uch an
operption is described as elemental.

A ranpk-one array may be constructed from scalars and other arrays and may be reshaped ifto any
allowable array shape (4.5).

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

2.4.6 Pointer

A painter is a varjablé that has the POINTER attribute. A pointer is associated with a tafget by
allocation (6.3.1)%et pointer assignment (7.5.2). A pointer shall neither be referenced nor {lefined
until it is associated. A pointer is disassociated following execution of a DEALLOCATE or
NULLIFY statement, following pointer association with a disassociated pointer, or initially through
poinfer ifitialization. A disassociated pointer is not currently associated with a target (14.6.2). If
the poirter is an array, the rank is declared, but the extents are determined when the pojnter is
associated withra target:

2.4.7 Storage

Many of the facilities of this standard make no assumptions about the physical storage
characteristics of data objects. However, program units that include storage association dependent
features shall observe certain storage constraints (14.6.3).

2.5 Fundamental terms

The following terms are defined here and used throughout this standard.

17
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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 3.2.1. 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.

2.5.2 Keyword

The term keyword is used in two ways in this standard. A word that is part of the syntax of a
statement s statement keyword—Thesekeywords—are-not-reserved—words—that-isnames—yith
the samg spellings are allowed. Examples of statement keywords are: IF, READ, UNIT, KIND, and

INTEGHR.

An argpment keyword is a dummy argument name (12.4). Section 13 specifies+ argument
keywordls for all of the intrinsic procedures. Argument keywords for external procedures may be
specified in a procedure interface block (12.3.2.1).

NOTE 2.5
Argument keywords can make procedure references more readable and allow ac tual
arghiments to be in any order. This latter property facilitates use of optional arguments.

2.5.3 |Declaration

The terin declaration refers to the specification of attributes'for various program entities. Qften
this invplves specifying the data type of a named data objeet or specifying the shape of a named
array object.

2.5.4 |Definition

The terin definition is used in two ways. First, when a data object is given a valid value during
prograth execution, it is said to become defined. This is often accomplished by execution gf an
assignment statement or input statement. Under certain circumstances, a variable does not have a
predictable value and is said to be undefined. Section 14 describes the ways in which varig bles
may bé¢come defined and undefimed. The second use of the term definition refers to| the
declaration of derived types and procedures.

2.5.5 |Reference

A data pbject reference.ié the appearance of the data object name or data subobject designatorin a
context|requiring its:value at that point during execution.

A procedure réference is the appearance of the procedure name or its operator symbol oy the
assignment s¥nbol in a context requiring execution of the procedure at that point.

The appeatance of a data object name, data subobject designator, or procedure name in an attual
argumeﬁmmmmmtthﬂess
such a reference is necessary to complete the specification of the actual argument.

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

2.5.6 Association

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

18
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Storage association causes different entities to use the same storage. Any association permits an
entity to be identified by different names in the same scoping unit or by the same name or different
names in different scoping units.

2.5.7 Intrinsic

The qualifier intrinsic signifies that the term to which it is applied is defined in this standard.
Intrinsic applies to data types, procedures, assignment statements, 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 gperator specifies a particular computation involving one (unary operator).or two [binary
operator) data values (operands). Fortran contains a number of intrinsic operators (elg., the
arithmetic operators +, —, *, /, and ** with numeric operands and the logicaboperators JAND.,
.OR{, etc. with logical operands). Additional operators may be defined within a program (f/.1.3).

25.9 Sequence

A sefjuence is a set ordered by a one-to-one correspondence with the numbers 1, 2, through n.
The pumber of elements in the sequence is n. A sequence may be empty, in which case it cpntains
no elements.

The g¢lements of a nonempty sequence are referred to as,the first element, second element, efc. The
nth element, where n is the number of elements in. the sequence, is called the last elemepnt. An
empfy sequence has no first or last element.
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Section 3: Characters, lexical tokens, and source form

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

3.1 Processor character set

The processor character set is processor dependent. The structure of a processor character bet is:
(1) Control characters ("newline", for example)
(2) Graphic characters

(a) Letters (3.1.1)

(b) Digits (3.1.2)

(c) Underscore (3.1.3)

(d) Special characters (3.1.4)

(e)  Other characters (3.1.5)

The letters, digits, underscore, and special characters make up:the Fortran character set.

R301  character is alphanumeric-character
or special-character,
R302  alphanumeric-character is letter
or digit

or underscore
Except for the currency symbol, the graphicsiused for the characters shall be as given in 3.1., 3.1.2,
3.1.3| and 3.1.4. However, the style of any/graphic is not specified.
3.1.] Letters

The fwenty-six letters are:
ABCDEFGHIJKLMNOPQRSTUVWXYZ

The et of letters definesthe syntactic class letter.

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

3.1.2 Digits
The tenddigits are:
0123456789

The ten digits define the syntactic class digit.

3.1.3 Underscore
R303  underscore is

The underscore may be used as a significant character in a name.
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3.1.4

Special characters

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

Table 3.1 Special characters

©ISO/IEC

Character | Name of character Character | Name of character
Blank : Colon
= Equals ! Exclamation point
+ Plus ! Quotation mark or quote
Minus %Y Percent
* Asterisk & Ampersand
/ Slash ; Semicolon
( Left parenthesis < Less than
) Right parenthesis > Greater than
, Comma ? Question mark
. Decimal point or period $ Currency symbol
' Apostrophe
The twénty-one special characters define the syntactic class special-character. The special charagters
are usedl for operator symbols, bracketing, and various forms of:séparating and delimiting qther

lexical

3.1.5

okens. The special characters $ and ? have no specified use.

Other characters

Additignal characters may be representable in the precessor, but may appear only in commjents

(33.1.1

descriptors (10.2.1).

The default character type shall support a(character set that includes the Fortran character
Other dharacter sets may be supported by the processor in terms of nondefault character ty
The chpracters available in the nondefault character types are not specified, except that
character in each nondefault character type shall be designated as a blank character to be used
padding character.

3.2 lLow-level syntax

The low-level syntax.describes the fundamental lexical tokens of a program unit. Lexical to
are sequences of characters that constitute the building blocks of a program. They are keyw
names,|literal constants other than complex literal constants, operators, labels, delimiters, con
=, =>, i, ;,.and %.

3.2.1

13.3.2.1), character constants (4.3.2.1), input/output records (9.1.1), and character string

edit

set.
pes.
one
as a

kens
brds,
ma,

| Nadmes

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

R304

name is letter [ alphanumeric-character ] ...

Constraint: The maximum length of a name is 31 characters.
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NOTE 3.1
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:1997(E)

Examples of names:

Al
NAME_LENGTH

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

3.2.2 Constants

R305— comnstant 1S literal-constant
or named-constant

R304 literal-constant is int-literal-constant
or real-literal-constant
or complex-literal-constant
or logical-literal-constant
or char-literal-constant
or boz-literal-constant

R3071 named-constant is name

R308 int-constant is constant

Congtraint:  int-constant shall be of type integer.

R309 char-constant is constant

Congtraint:  char-constant shall be of type character.

3.2.3 Operators

R31(

R708
R709

R71(

intrinsic-operator

power-op

mult-op

add-op

is
or
or
or
or
or
or
or
or

is
is
or
is
or

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

* %

+ o~

R712
R714

concat-op

rel-op

is
is
or
or
or
or
or
or
or
or
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or <=
or >
or >=
R719  not-op is .NOT.
R720 and-op is AND.
R721 or-op is .OR.
R722  equiv-op is .EQW.
or .NEQV.
R311  {efined-operator is  defined-unary-op
or defined-binary-op
or extended-intrinsic-op
R704 {efined-unary-op is . letter [ letter ] ... .
R724  {efined-binary-op is . letter [ letter ] ... .
R312  xtended-intrinsic-op is intrinsic-operator
Constraint: A defined-unary-op and a defined-binary-op shall not containdmote than 31 letters fand
shall not be the same as any intrinsic-operator or logical-litexal“constant.
3.2.4 [Statement labels
A statement label provides a means of referring to an individual statement.
R313 |label is digit [ digit [ digit { digit [ digit]]]]
Constraint: At least one digit in a label shall be nonzeto.
If a statement is labeled, the statement shall contdin a nonblank character. The same staterhent
label shall not be given to more than one statement in a scoping unit. Leading zeros are| not
significant in distinguishing between statement-labels.
NOTE 3.2
For example:
99999
10
010
are|all statement labels:-The last two are equivalent.
There are 99999 unique statement labels and a processor shall accept any of them gs a
statement label. However, a processor may have an implementation limit on the total number

of yinique statement labels in one program unit.

3.2.5

Delimiters are used to enclose syntactic lists. The following pairs are delimiters:

...
/ ...
« ...

Delimiters

)
/
/)

3.3 Source form

A Fortran program unit is a sequence of one or more lines, organized as Fortran statements,
comments, and INCLUDE 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 Fortran statement
sequence of one or more complete or partial lines.
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A character context means characters within a character literal constant (4.3.2.1) or within a
character string edit descriptor (10.2.1).

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 shall not be mixed in the same program unit.
The means for specifying the source form of a program unit are processor dependent.

3.3.1 Free source form

In free source form, each source line may contain from zero to 132 characters and there are no
wever,
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.

Blank characters shall not appear within lexical tokens other than in a character context |or in a
formfat specification. Blanks may be inserted freely between tokens to improve readability; for
exanjple, blanks may occur between the tokens that form a complex literal cofnistant. A sequence of
blank characters outside of a character context is equivalent to a single blank character.

A blank shall be used to separate names, constants, or labels fromadjacent keywords, [names,
constants, or labels.

OTE 3.3
Eor example, the blanks after REAL, READ, 30, and DO are required in the following:

X
10
B0 DO K=1,3

One |or more blanks shall be used to separate.'adjacent keywords except in the following cases,
whefte blanks are optional:

Adjacent Keywords where separating
blanks, dte optional

BLOCK DATA
DOUBLE PRECISION
ELSE IF

END BLOCK DATA
END DO

END FILE

END FORALL
END FUNCTION
END IF
END-INTEREACE
END MODULE
END PROGRAM
END SELECT
END SUBROUTINE
END TYPE

END WHERE

GO TO

IN OUT

SELECT CASE
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NOTE 3.4

Allowing optional blanks at specific places in some keywords (for example, ENDIF or END IF) is intended to permit
a reasonable choice to users accustomed to insignificant blanks.

In some circumstances, for example where source code is maintained in an INCLUDE file for use in programs whose
source form might be either fixed or free, observing the following rules allows the code to be used with either source
form:

1) Confine statement labels to character positions 1 to 5 and statements to character positions 7 to 72;

2) Treat blanks as being significant;

3) Use only the exclamation mark (!) to indicate a comment, but do not start the comment in character
position 6;

(4) For continued statements, place an ampersand (&) in both character position 73 of a continued line and
character position 6 Of a continuing lne.

3.3.1.1| Free form commentary

The character "!" initiates a comment except when it appears within a character ‘context. |The
commenht extends to the end of the source line. If the first nonblank character on a‘line is an "!"), the
line is ¢alled a comment line. Lines containing only blanks or containing nolcharacters are|also
commeht lines. Comments may appear anywhere in a program unit and. may precede the|first
statemgnt of a program unit. Comments have no effect on the interpretation-of the program umit.

NQOTE 3.5
‘Th b standard does not restrict the number of consecutive comment lines.

3.3.1.2( Free form statement separation

nn 1

The character ";" terminates a statement, except when the+';/appears in a character context ox in a
commeht. This optional termination allows another statement to begin following the ";" on} the
same line. A ";" shall not appear as the first nonblank character on a line. If a ";" separatpr is

TR "

followed by zero or more blanks and one or more(’;" separators, the sequence from the first {;" to

"o

the last, inclusive, is interpreted as a single ";" separator.

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 cdomment line. Comment linés-shall not be continued; an "&" in a comment has no effect.
Comments may occur within a continued statement. When used for continuation, the "&" i$ not
part of|the statement. No line shall contain a single "&" as the only nonblank character or ap the
only nognblank character before’an "!" that initiates a comment.

3.3.1.3{1 Noncharacter context continuation

If an "&" not in a-gomment is the last nonblank character on a line or the last nonblank charpcter
before fan "!", the\statement is continued on the next line that is not a comment line. If the| first
nonblank character on the next noncomment line is an "&", the statement continues at the [next
character position following the "&"; otherwise, it continues with the first character position gf the
next nlncomment line.

If a lexical token is split across the end of a line, the first nonblank character on the first following
noncomment line shall 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 "&" shall be the last nonblank character on the line and
shall not be followed by commentary. An "&" shall be the first nonblank character on the next line
that is not a comment line and the statement continues with the next character following the "&".
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3.3.1.4 Free form statements

A label may precede any statement not forming part of another statement.

NOTE 3.6
|No Fortran statement begins with a digit.

A free form statement shall not have more than 39 continuation lines.

3.3.2 Fixed source form

ains only
processor

The dharacter "!" initiates a comment except when it appears within a character context or in character positiqgn 6. The
comment extends to the end of the line. If the first nonblank character on a line is an "!" jri any character position ¢ther than
charakter position 6, the line is a comment line. Lines beginning with a "C" or ‘*¥in character position 1 Jand lines
contafining only blanks are also comments. Comments may appear anywhere within‘\a‘program unit and may pgecede the
first gtatement of the program unit. Comments have no effect on the interpretation-of the program unit.

NOTE 3.7

|The standard does not restrict the number of consecutive comment,lines.

3.3.2.2 Fixed form statement separation

non

The dharacter ";" terminates a statement, except when the ";" appears in a character context, in a comment, or in[character
positfon 6. This optional termination allows another statement to begin followmg the ";" on the same line. A ";'| shall not
appedqr as the first nonblank character on a line, except in character posmon 6. If a";" separator is followed by zerp or more
blanKs and one or more ";" separators, the sequence from the first ";" to the last, inclusive, is interpreted as a|single ";
separator.

"o

3.3.2.3 Fixed form statement continuation

Except within commentary, character position 6 is used to indicate continuation. If character position 6 contains g blank or
zero, [the line is the initial line of a new.$tatement, which begins in character position 7. If character position 6 contains any
chargcter other than blank or zefo,jcharacter positions 7-72 of the line constitute a continuation of the preceding
noncpmment line.

NOTE 3.8

An "!" or ";" in character position 6 is interpreted as a continuation indicator unless it appears within commentary
indicated by a "C" or.”*" in character position 1 or by an "!" in character positions 1-5(3.3.2.3).

Comfpnent lines shall not be continued. Comment lines may occur within a continued statement.

3.3.2.4 (Fixed form statements

A labely if present, shall occur in character positions 1 through 5 of the first line of a statement; otherwise, ppsitions 1
through 5 shall be blank. Blanks may appear anywhere within a label. A statement following a ™;" on the same line shall
not be labeled. Character positions 1 through 5 of any continuation lines shall be blank. A fixed form statement shall not
have more than 19 continuation lines. The program unit END statement shall not be continued. A statement whose initial

line appears to be a program unit END statement shall not be continued.

3.4 Including source text

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

INCLUDE char-literal-constant

The char-literal-constant shall not have a kind type parameter value that is a named-constant.
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An INCLUDE line is not a Fortran statement.

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

The effect of the INCLUDE line is as if the referenced source text physically replaced the INCLUDE
line prior to program processing. Included text may contain any source text, including additional
INCLUDE lines; such nested INCLUDE lines are similarly replaced with the specified source text.
The maximum depth of nesting of any nested INCLUDE lines is processor dependent. Inclusion of
the source text referenced by an INCLUDE line shall not, at any level of nesting, result in inclusion
of the same source text.

When INCLUDE line is resolved, the first included statement line shall not be a comtinudtion
line and the last included statement line shall not be continued.

The int¢rpretation of char-literal-constant is processor dependent. An example of @ possible valid
interpretation is that char-literal-constant is the name of a file that contains the source text tp be
included.
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Section 4: Intrinsic and derived data types

Fortran provides an abstract means whereby data may be categorized without relying on a
particular physical representation. This abstract means is the concept of data type. Each data type
has a name. The names of the intrinsic types are predefined by the language; the names of any
derived types shall 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.

INOTE 4.1

For example, the logical data type has a set of two values, denoted by the- Iexical [fokens
TRUE. and .FALSE., which are manipulated by logical operations. :

fAn example of a less restricted data type is the integer data type. [This data type has a
processor-dependent set of integer numeric values, each of which is denoted by an optional
gign followed by a string of digits, and which may be manipulated by integer ariiﬁnmetic
pperations and relational operations.

The means by which a value is denoted indicates both the type of the value and a particular
memper of the set of values characterizing that type. Intrinsic data types are parameteried. In
this case, the set of values is constrained by the value of-the parameter or parameters. For
exanjple, the character data type has a length parameter that constrains the set of character| values
to thpse whose length is equal to the value of the pardmeter.

An intrinsic type is one that is predefined by the.lariguage. The intrinsic types are integer, real,
complex, character, and logical. The phrase "defined intrinsically" will be used later in this [section
to mean "predefined" in this sense.

In addition to the intrinsic types, application specific types may be derived. Objects of derived
type|have components. Each component is of an intrinsic type or of a derived type. A type

defhition (44.1) is required to supply the name of the type and the names and typeg of its

components.

OTE 4.2

or example, if the complex type were not intrinsic but had to be derived, a type definition
ould be required tosupply the name "complex” and declare two components, each df type
eal. In addition, arithmetic operators would have to be defined.

Meanps are provided to denote values of a derived type (4.4.4) and to define operations that|can be
used|to manjptilate objects of a derived type (4.4.5). A derived type shall be defined |in the
program, whereas an intrinsic type is predefined.

A derived-type may be used only where its definition is accessible (4.4.1). An intrinsic fype is
alwajls_ar'rpqcihlp

4.1 The concept of data type

A data type has a name, a set of valid values, a means to denote such values (constants), and a set
of operations to manipulate the values.

4.1.1 Set of 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
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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 a program, all
literal constants that have the same form have the same value.

A Constant 1'r':\]no mny be givpn aname (q 1.2.1 5 2 9\

A constant value of derived type may be constructed (4.4.4) using a structure constructor frmln an
approptiate sequence of constant expressions (7.1.6.1). Such a constant value is consideted to[be a
scalar gven though the value may have components that are arrays.

4.1.3 |Operations

For eadh of the intrinsic data types, a set of operations and corresponding operators are de ined
intrinsically. These are described in Section 7. The intrinsic set may be atugmented with operations
and opkrators defined by functions with the OPERATOR interface (12:3.2.1). Operator definitions
are desgribed in Sections 7 and 12.

For defived types, the only intrinsic operation is assignment. Adl'other operations shall be defined
by the program (4.4.5).

4.2 Relationship of types and values to objects

The najme of a data type serves as a type specifier@nd may be used to declare objects of that type.
A declpration specifies the type of a named object. A data object may be declared explicitly or
implicitly. Once a derived type is defined,.an object may be declared to be of that type. |Data
objects| may have attributes in addition to tieir types. Section 5 describes the way in which al data
object {s declared and how its type and-gther attributes are specified.

Scalar {data of any intrinsic or deriyed type may be shaped in a rectangular pattern to compope an
array of the same type and type parameters. An array object has a type and type parameterp just
as a scplar object does.

A scalpr object of derived type is referred to as a structure. The components of a structute are
subobijects.

Variables may be objects or subobjects. The data type of a variable determines which values that
variable may také.” Assignment provides one means of defining or redefining the value| of a
variable of ahy“type. Assignment is defined intrinsically for all types when the type,|type
paramgters, and shape of both the variable and the value to be assigned to it are identical.

Assigrjment between objects of certain differing intrinsic types, type parameters, and shapes is
describeﬂ—mmmrmmﬁme—mﬂaﬂm i -3.2.1)

define an assignment that is not defined intrinsically or redefine an intrinsic derived-type
assignment.

NOTE 4.3
ﬁ*or example, assignment of a real value to an integer variable is defined intrinsically. |

The data type of a variable determines the operations that may be used to manipulate the variable.
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4.3 Intrinsic data types

The intrinsic data types are:

numeric types: integer, real, and complex
nonnumeric types: character and logical
NOTE 4.4

In addition to these intrinsic types, this standard provides derived types to allow the creation
of new data types. See C.1.1 for an example.

4.3.}—Numetic-types

The pumeric 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.

4.3.1.1 Integer type

The [set of values for the integer type is a subset of the mathematical integers. A processpr shall
proviide one or more representation methods that define sets of values for data of type [integer.
Eacly such method is characterized by a value for a type parametercalled the kind type paftameter.
The |kind type parameter of a representation method is returned-by the intrinsic inquiry function
KIND (13.14.52). The decimal exponent range of a representation method is returned|by the
intrinsic function RANGE (13.14.87). The intrinsic functien SELECTED_INT_KIND (1B.14.94)
retufns a kind value based on a specified decimal range requirement. The integer type indludes a
zero|value, which is considered neither negative nor positive. The value of a signed integet zero is
the game as the value of an unsigned integer zero.

The ftype specifier for the integer type is the keyword INTEGER (R502).

If the kind type parameter is not specified, the default kind value is KIND (0) and the datp entity
is of|type default integer.

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

R401 signed-digit-string is [ sign ] digit-string
R402  digit-string is digit [ digit ] ...
R403  signed-int-literal-constant  is [ sign ] int-literal-constant
R404  int-literal-constant is digit-string [ _ kind-param ]
R40§  kind-param is digit-string

or scalar-int-constant-name
R406¢ sign is +

or —

Congtraint: The value of kind-param shall be nonnegative.

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

The optional kind type parameter following digit-string specifies the kind type parameter of the
integer constant; if it is not present, the constant is of type default integer.

An integer constant is interpreted as a decimal value.
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Examples of signed integer literal constants are:

473

+56

~-101

21.2

21 _SHORT
1976354279568241_8

where SHORT is a scalar integer named constant.

In a D
corresp

R407

ATA statement (5.2.10), an unsigned binary, octal, or hexadecimal literal constant
bnd to an integer scalar variable.

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

Constrgint: A boz-literal-constant may appear only in a DATA statement.

R408

binary-constant is B 'digit [ digit] ... '
or B"digit[digit].."

Constrgint:  digit shall have one of the values 0 or 1.

R409

octal-constant is O 'digit [ digit] ... '
or O " digit [ digit ] ..~"

Constrgint:  digit shall have one of the values 0 through 7.

R410

R411

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

hex-digit is
or
or
or
or
or
or

it W o>
on >o§:

In these constants, the binary, octal, and hexadecimal digits are interpreted according to

respect

ve number systems. If the processor supports lower-case letters in the source form

hex-digits A through:E'may be represented by their lower-case equivalents.

4.3.1.2

The real type has values that approximate the mathematical real numbers. A processor
providI two or more approximation methods that define sets of values for data of type real.

Real'type

shall

their
the

shall
Fach

such method has a representation method and is characterized by a value for a type parameter
called the kind type parameter. The kind type parameter of an approximation method is returned
by the intrinsic inquiry function KIND (13.14.52). The decimal precision and decimal exponent
range of an approximation method are returned by the intrinsic functions PRECISION (13.14.81)
and RANGE (13.14.87). The intrinsic function SELECTED_REAL_KIND (13.14.95) returns a kind
value based on specified precision and decimal range requirements.

NOTE 4.6

|See C.1.2 for remarks concerning selection of approximation methods.
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The real type includes a zero value. Processors that distinguish between positive and negative
zeros shall treat them as equivalent

(1)  in all relational operations,

(2)  as actual arguments to intrinsic procedures other than SIGN, and
3) as the scalar-numeric-expr in an arithmetic IF.

NOTE 4.7

On a processor that can distinguish between 0.0 and -0.0,

( X .GE. 0.0 )
pvaluates to . ITRUE. i X = 0.0 or it X = -0.0,
(X .LT. 0.0 )

bvaluates to .FALSE. for X = -0.0, and
IF (x) 1,2,3

Fauses a transfer of control to the branch target statement with the statement-label "2" for both X = 0.0 and X = -0.0.

[n order to distinguish between 0.0 and -0.0, a program should use the SIGN function.
BIGN(1.0,X) will return -1.0 if X < 0.0 or if the processor distinguishes between 0.0 apd -0.0
hnd X has the value -0.0.

INOTE 4.8

Historically some systems had a distinct negative zero value that presented some difficulties.
Fortran standards were specified such that these difficulties had to be handled py the
processor and not the user. ANSI/IEEE 754-1985, TEEE standard for binary floating point
prithmetic, introduced a negative zero with specific properties. For example when thl exact
result of an operation is negative but roundifig-produces a zero, the IEEE 754 specified value
s -0.0. This standard includes adjustments intended to permit IEEE 754 compliant professors
o behave in accordance with that standard without violating this standard.

The type specifier for the real type is_the' keyword REAL and the type specifier for the |double
precision real type is the keyword DOUBLE PRECISION (R502).

If the type keyword REAL is specified and the kind type parameter is not specified, the |default
kind|value is KIND (0.0) and the data entity is of type default real. If the type keyword DOUBLE
PRECISION is specified, a kind type parameter shall not be specified and the data entity is jof type
double precision real. .The kind type parameter of such an entity has the value KIND (0.0D0).
The ¢lecimal precision ©f)the double precision real approximation method shall be greater than that
of the default real method.

R412  signed-real-literal-constant is [ sign ] 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

Constraint:  If both kind-param and exponent-letter are present, exponent-letter shall be E.

Constraint:  The value of kind-param shall 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
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letter D. A real literal constant written with a kind type parameter is a real constant with the
specified kind type parameter.

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

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

NOTE 4.9
Examples of signed real literal constants are:

-12.78
+1.6E3

2.1

=16/.E4_8
0.45E-4
10.93E7_QUAD
.12

3B

where QUAD is a scalar integer named constant.

4.3.1.3 | Complex type

The complex type has values that approximate the mathematical complex numbers. The valugs of
a complex type are ordered pairs of real values. The first real‘value is called the real part, and the
second peal value is called the imaginary part.

Each agproximation method used to represent data entities of type real shall be available for poth
the real] and imaginary parts of a data entity 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 this kind type parameter valtie. The kind type parameter of an approximg tion
method| is returned by the intrinsic inquiry. fanction KIND (13.14.52).

The type specifier for the complex type.is)the keyword COMPLEX (R502). There is no keywordl for
double | precision complex. If the.ftype keyword COMPLEX is specified and the kind fype
parameiter is not specified, the default kind value is the same as that for default real, the type of
both p4rts is default real, and the/data entity is of type default complex.

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

R418 |real-part is signed-int-literal-constant
or signed-real-literal-constant

R419 |imag-part is signed-int-literal-constant
or signed-real-literal-constant

If the eal part and the imaginary part of a complex literal constant are both real, the kind [type
paramemmmgww&mwmuh%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.

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.
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4.3.

The

for egchrofthesetypes—aregiven betow:
YV 5

4.3.2.1 Character type

The

NOTE 4.10
Examples of complex literal constants are:

(1.0, -1.0)
(3, 3.1E6)

(4.0_4, 3.6E7_8)

2 Nonnumeric types

nonnumeric types are provided for nonnumeric processing. The intrinsic operations defined

rharacter type has a set of values composed of character strings. A character string is a

sequence of characters, numbered from left to right 1, 2, 3, ... up to the numberof characterp in the
string. The number of characters in the string is called the length of the string. The length is a

D

type [parameter; its value is greater than or equal to zero. Strings of different-lengths are all of type

chargcter.

A prpcessor shall provide one or more representation methods that define sets of values fpr data
of type character. 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
intripsic inquiry function KIND (13.14.52). Any character of’a particular representation method

reprgsentable in the processor may occur in a character string of that representation method.

If the kind type parameter is not specified, the default kind value is KIND ('A’) and the data entity

is of type default character.

The

ype specifier for the character type is the kéyword CHARACTER (R502).

A chhracter literal constant is written as a.sequence of characters, delimited by either apos{rophes

or qyotation marks.

R420\  char-literal-constant is0 [ kind-param _] ' [ rep-char ] ... '

or [ kind-param _]" [ rep-char] ... "

Congtraint: The value of kind-param shall specify a representation method that exists |on the

The

processor.

optional kind type:‘parameter preceding the leading delimiter specifies the kind type

parapeter of the chafaeter constant; if it is not present, the constant is of type default character.

For

representable-character, rep-char, is one of the following:

the type character with kind kind-param, if present, and for type default character otherwise, a

(1) _<Any character in the processor-dependent character set in fixed source form. A processor may restrict the
occurrence of some or all of the control characters.

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

NOTE 4.11

FORTRAN 77 allowed any character to occur in a character context. This standard allows a
source program to contain characters of more than one kind. Some processors may identify
characters of nondefault kinds by control characters (called "escape” or "shift" characters). It is
difficult, if not impossible, to process, edit, and print files where some instances of control
characters have their intended meaning and some instances may not. Almost all control
characters have uses or effects that effectively preclude their use in character contexts and this
is why free source form allows only graphic characters as representable characters.
Nevertheless, for compatibility with FORTRAN 77, control characters remain permitted in principle in fixed source
form.
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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.

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
charactér context.

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

NO[TE 4.12
E)g.mples of character literal constants are:

n NIT-
] N

both of which have the value DON'T and

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

NO[TE 4.13

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

BOLD FACE 'This is in bold face '
ITALICS 'This is in italics '

whiere BOLD_FACE and ITALICS are‘mamed constants whose values are the kind fype
patameters for bold face and italic characters, respectively.

4.3.2.1]1 Collating sequence

Each implementation defines a collating sequence 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 such
that ea¢h character corresponds to a different nonnegative integer. The intrinsic functions CHHAR
(13.14.19) and ICHAR((13.14.45) provide conversions between the characters and the integers
according to this mapping.

NOTE 4.14
For example:

ICHAR ( 'X' )

returms—the—integer—vatue—of —the—character—X—according—to—the—colating—sequerce—of the

processor.

For the default character type, the only constraints on the collating sequence are the following:
(1) ICHAR('A') <ICHAR ('B') <... <ICHAR ('Z') for the twenty-six letters.
(2) ICHAR(0') <ICHAR('1) <... <ICHAR ('9') for the ten digits.
(3) ICHAR( ') <ICHAR ('0') <ICHAR ('9') < ICHAR ('A’) or
ICHAR (' ") <ICHAR ('A') < ICHAR ('Z") < ICHAR ('0").
4) {CHAR (a') <ICHAR (b') <... <ICHAR ('z'), if the processor supports lower-case
etters.
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(5) ICHAR( ") <ICHAR ('0') <ICHAR ('9') < ICHAR ('a') 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/IEC 646:1991 (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 the ASCII collating sequence.

NOTE 4.15

ISO/IEC 646:1991 is the international equivalent of ANSI X3.4-1986, commonly.-kngwn as
ASCIIL The intrinsic functions ACHAR (13.14.2) and JACHAR (13.14.40) provide conversions
between these characters and the integers of the ASCII collating sequence.

The Intrinsic functions LGT, LGE, LLE, and LLT (13.14.56-13.14.59) provide‘comparisons between
strings based on the ASCII collating sequence. International portabilityis guaranteed if the set of
characters used is limited to the letters, digits, underscore, and special’ characters.

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

A prpcessor shall provide one or more representation methods for data of type logical. Ea¢h 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 functionf KIND
(13.14.52).

If the kind type parameter is not specified, thecdefault kind value is KIND (.FALSE.) and the data
entity is of type default logical.

R42Y  logical-literal-constant is L TRUE. [ _ kind-param ]
or~ .FALSE. [ _ kind-param ]

Congtraint: The value of kind-pgram shall specify a representation method that exists on the
processor.

The pptional kind type parameter following the trailing delimiter specifies the kind type patameter
of the logical constant; if.it\is not present, the constant is of type default logical.

The Intrinsic operations-defined for data entities of logical type are: negation (.NOT.), conjinction
(+AND.), inclusive. disjunction (.OR.), logical equivalence (.EQV.), and logical nonequiyalence
(.NHQWV.) as described in 7.2.4. There is also a set of intrinsically defined relational operat¢rs that
compare the values of data entities of other types and yield a value of type default logical| These
operptions ‘are described in 7.2.3.

The typesspecifier for the logical type is the keyword LOGICAL (R502).

4.4 Derived types

Additional data types may be derived from the intrinsic data types. A type definition is required
to define the name of the type and the names and types of its components. The direct components
of a derived type are

(1) The components of that type and

(2) For any nonpointer component that is of derived type, the direct components of that
derived type.
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Ultimately, a derived type is resolved into ultimate components that are either of intrinsic type or
are pointers.

NOTE 4.16
[See C.1.1 for an example |

By default, derived types defined in the specification part of a module are accessible (5.1.2.2, 5.2.3)
in any scoping unit that accesses the module. This default may be changed to restrict the
accessibility of such types to the host module itself. A particular type definition may be declared
to be public or private regardless of the default accessibility declared for the module. In addition,

a typery‘bem:nbl‘z‘vv‘l‘rdk Ttscomponentsare private:
By defajult, no storage sequence is implied by the order of the component definitions. However, if

the defihition of a derived type contains a SEQUENCE statement, the type is a sequence.type. | The
order of the component definitions in a sequence type specifies a storage sequence 'for objects of
that type.

Default initialization is specified for a component of an object of derived type when initializgtion
appearg in the component declaration. The object will be initialized as specified in the derived-
type definition (14.7.3, 14.7.5) even if the definition is private or inaccessible. Default initialization
applies| to dummy arguments with INTENT (OUT). Unlike explicit initialization, default
initialization (4.4.1) does not imply that the object has the SAVE (attribute. If a component has
default|initialization, it is not required that default initialization be specified for other components
of the derived type.

The type specifier for derived types is the keyword TYPE. followed by the name of the type in
parentheses (R502).

4.4.1 |Derived-type definition

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

[ component-def-stmt ] ...
end-type-stmt

R423 |derived-type-stmt is TYPE [ [, access-spec ] :: ] type-name
R424 |private-sequence-stmt is PRIVATE
or SEQUENCE

Constraint:  An access=spec (5.1.2.2) or a PRIVATE statement within the definition is permitted
only-ifithe type definition is within the specification part of a module.

Constraint: Al derived type type-name shall not be the same as the name of any intrinsic [type
defined in this standard nor the same as any other accessible derived type type-ndme.

Constrgint:,”The same private-sequence-stmt shall not appear more than once in a given
derived. f}lpp-rl:ff

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

R425  component-def-stmt is type-spec [ [ , component-attr-spec-list ] :: | component-decl-list

R426  component-attr-spec is POINTER
or DIMENSION ( component-array-spec )

R427  component-array-spec is explicit-shape-spec-list
or deferred-shape-spec-list
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Constraint: If a component of a derived type is of a type declared to be private, either the
derived-type definition shall contain the PRIVATE statement or the derived type
shall be private.

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

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

Constraint: If the POINTER attribute is specified for a component, a type-spec in the
component-def-stmt shall specify an intrinsic type or any accessible derived type
including the type being defined

Condtraint: If the POINTER attribute is specified, each component-array-spec shalll be a
deferred-shape-spec-list.

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

Condtraint: Each bound in the explicit-shape-spec shall be a constant specification expression
(7.1.6.2).

R428  component-decl is component-name [ ( component-array-spec )] M

W [ * char-length ] [ componentititialization ]
R429 component-initialization is = initialization-expr
or =>NULL ()
Congtraint:  The * char-length option is permitted only ifthe type specified is character.
Congtraint: The character length specified by the “char-length in a component-decl |or the

Constraint:

char-selector in a type-spec (5.1, 5.1.1.5)\shall be a constant specification expression
(7.1.6.2).

If component-initialization appears,“a double colon separator shall appear before the
component-decl-list.

Congtraint: If => appears in componentcnitialization, the POINTER attribute shall appeaf in the
component-attr-spec-list. If = appears in component-initialization, the PQINTER
attribute shall not appear in the component-attr-spec-list.

R43( end-type-stmt is END TYPE [ type-name ]

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

NOTE 4.17

The double colen,separator in a component-def-stmt is required only if a component-atirispec or
romponent-inifialization is specified; otherwise, it is optional.

If tHe SEQUENCE statement is present, the type is a sequence type. If all of the yltimate
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 yltimate

com
type.

quence

39


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

ISO/IEC 1539-1:1997(E) ©ISO/IEC

NOTE 4.18

A structure resolves into a sequence of components. Unless the structure includes a
SEQUENCE statement, the use of this terminology in no way implies that these components
are stored in this, or any other, order. Nor is there any requirement that contiguous storage be
used. The sequence merely refers to the fact that in writing the definitions there will
necessarily be an order in which the components appear, and this will define a sequence of
components. This order is of limited significance since a component of an object of derived
type will always be accessed by a component name except in the following contexts: the
sequence of expressions in a derived-type value constructor, the data values in namelist input
data, and the inclusion of the structure in an input/output list of a formatted data transfer,

w
de
any

re it is expanded to this sequence of components. Provided the processor adheresitg
ed order in these cases, it is otherwise free to organize the storage of the component
' non-SEQUENCE structure in memory as best suited to the particular architecture!

the
for

If initial
is initig
initializ4
evaluat
compong
type fol
by initi
initialiZ
4.28). H
Note 4.

A con]
compong
compon
otherwi
array is

NO

Illy defined or becomes defined as specified in (14.7.5) with the value- determined

ption-expr. The initialization-expr is evaluated in the scoping unit of the type definition.
on rules are those that would be in effect for intrinsic, assignment (7.5.1.4
nt-name were a variable assigned the value of initialization-expr.\¥’ component-name is

ilization-expr overrides the default initialization specified for’that component. When|
ation overrides another it is as if only the overriding initialization were specified (see ]

xplicit initialization in a type declaration statement (5.1) overrides default initialization
7).

lponent is an array if its component-decl: contains a component-array-spec o
nt-def-stmt contains the DIMENSION attribute. If the component-decl contaiy

se, the component-array-spec in the DIMENSION attribute specifies the array rank, and i
explicit shape, the array bounds.

TE 4.19

ization-expr appears for a nonpointer component, that component in any cbjéct of the ftype

rom
The
) if
of a

which default initialization is specified for a component, the default initialization specjfied

one
Note
(see

its
s a

nt-array-spec, it specifies the array rank, and’if the array is explicit shape, the array bounds;

f the

fault initialization of an array:'component may be specified by a constant expres
sisting of an array constructor (4.5), or of a single scalar that becomes the value of ¢
ny element.

bion
ach

A component is a pointer if\its component-attr-spec-list contains the POINTER attribute. Pointers

association status of associated, disassociated, or undefined. If no default initializatid
, the initial statuis is undefined. To specify that the default initial status of a poj

n is
Inter
Dy a
d to

its

e<stmt or in an access-stmt (5.2.3). The accessibility is the default if it is not decl

Ared

explicitly. If a type definition is private, then the type name, the structure 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 only within the module containing the definition.

If a type definition contains a PRIVATE statement, the component names for the type are accessible
only within the module containing the definition, even if the type itself is public (5.1.2.2). The
component names and 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 shall
be employed only within the defining module.
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NOTE 4.20
An example of a derived-type definition is:

TYPE PERSON

INTEGER AGE

CHARACTER (LEN = 50) NAME
END TYPE PERSON

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

NOTE 4.21
A type definition may have a component that is an array. For example:

TYPE LINE

REAL, DIMENSION (2, 2) :: COORD !
! COORD(:,1) has the value of (/X1, [Y1/)
! COORD(:¢,2) has the value of (/X2, |¥2/)

REAL ::. WIDTH ! Line width in centimeters

INTEGER :: PATTERN ! 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 variable LINE_SEGMENT has a comporient that is an array. In this case, the array
is a subobject of a scalar. The double colon in‘the definition for COORD is requited; the
double colon in the definition for WIDTH and PATTERN is optional.

NOTE 4.22
An example of a type with private components is:

MODULE DEFINITIONS
TYPE POINT

PRIVATE

REAL :: X, Y
END TYPE POINT
END MODULE DEFINITIONS

Such a type definition is accessible in any scoping unit accessing the module viala 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:

T'YPE 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

NOTE 4.23
An example of a private type is:

TYPE, PRIVATE :: AUXILIARY
LOGICAL :: DIAGNOSTIC
CHARACTER (LEN = 20) :: MESSAGE

END TYPE AUXILIARY

Such a type would be accessible only within the module in which it is defined.
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NOTE 4.24

An example of a numeric sequence type is:

TYPE NUMERIC_SEQ

SEQUENCE
INTEGER :: INT VAL
REAL REAL VAL

LOGICAL :: LOG_VAL
END TYPE NUMERIC_SEQ

NOTE 4.25

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

TYPE REFERENCE

LNTEGER :: VOLUME, YEAR, PAGE
CHARACTER (LEN = 50) :: TITLE
CHARACTER, DIMENSION (:), POINTER :: ABSTRACT

END| TYPE REFERENCE

Any object of type REFERENCE will have the four components VOLUME, YEAR, PAGE, pnd
TITLE, plus a pointer to an array of characters holding ABSTRACT./ The size of this target
arrdy will be determined by the length of the abstract. The space for the target may be
allogated (6.3.1) or the pointer component may be associated with a target in a pointer
assignment statement (7.5.2). '

NOTE 4.26
A dointer component of a derived type may have as/its.target an object of that derived type.
The type definition may specify that in objects declared to be of this type, such a pointgr is
deiult initialized to disassociated. For examplet

TY NODE

INTEGER :: VALUE

ITYPE (NODE), POINTER :: NEXT _NODE => NULL ( )
END TYPE

A type such as this may be used te'construct linked lists of objects of type NODE. See (.1.3
for an example.

NO|1'E 4.27
It

i$ not required that initialization be specified for each component of a derived type. |For
example: :

TYHE DATE

INTEGER DAY

CHARACTER (LEN = 5) MONTH

INTEGER  :: YEAR = 1994 1 Partial default initialization
END TYPE DATE

In thefollowing example, the default initial value for the YEAR component of TODAY is
overridden by explicit initialization in the type declaration statement:

TYPE (DATE), PARAMETER :: TODAY = DATE (21, "Feb.”"”, 1995)

NOTE 4.28

The default initial value of a component of derived type may be overridden by default
initialization specified in the definition of the type.

TYPE SINGLE_SCORE
TYPE(DATE) :: PLAY DAY = TODAY
INTEGER SCORE
TYPE (SINGLE. SCORE), POINTER :: NEXT => NULL ( )

END TYPE SINGLE_ SCORE
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TYPE (SINGLE_SCORE) SETUP

The PLAY_DAY component of SETUP receives its initial value from TODAY overriding: the
initialization for the YEAR component.

NOTE 4.29

TYPE MEMBER

END TYPE MEMBER )
TYPE (MEMBER) LEAGUE (36) ! Array of partially initialized elements
TYPE (MEMBER) :: ORGANIZER=MEMBER ("I. Manage",1l,5,NULL ( ))

ORGANIZER is explicitly initialized, overriding the default initialization for an object
MEMBER. ‘

Allocated objects may also be initialized partially or totally, CFof example:

ALLOCATE (ORGANIZER % HISTORY) ! A partially initialized object of type

Arrays of structures may be declared with elements that are partially or totally initialized by
default.

For example:

CHARACTER (LEN = 20) NAME
INTEGER :: TEAM_NO, HANDICAP = 0
TYPE (SINGLE_SCORE), POINTER :: HISTORY => NULL ( )

! SINGLE. SCORE is created.

f type

4.4.2 Determination of derived types

A particular type name shall be defined at most 0nce in a scoping unit. Derived-type def

with

independent and describe different derived types or they may describe the same type.

Two

defirfition. The definition may be accessed from a module or from a host scoping unif

entit
diffe

have{ components that do not have PRIVATE accessibility and agree in order, name, and att
Othdrwise, they are of different derived types. A data entity declared using a type W
SEQUENCE property isinot of the same type as an entity of a type declared to be PRIV
whidh has components-that are PRIVATE.

INOTE 4.30

the same type name may appear in different scoping units, in which case they 1}

data entities have the same type if thiéy are declared with reference to the same deriv

es in different scoping units also have the same type if they are declared with refer
rent derived-type definitions,that have the same name, have the SEQUENCE propet

Initions
nay be

pd-type
Data
ence to
ty, and
ributes.
ith the
ATE or

END TYPE POINT
) 31
y—r——XE

CALL SUB (X1)

'YPE POINT
REAL X, Y

An example'of declaring two entities with reference to the same derived-type definitiop is:

o

CONTAINS
SUBROUTINE SUB (A)
TYPE (POINT) :: A

e

END SUBROUTINE SUB

The definition of derived type POINT is known in subroutine SUB by host association.
Because the declarations of X1 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
were in a module and both SUB and its containing program unit accessed the module.
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NOTE 4.31
An example of data entities in different scoping units having the same type is:

PROGRAM PGM

TYPE EMPLOYEE
SEQUENCE
INTEGER ID_NUMBER
CHARACTER (50) NAME

END TYPE EMPLOYEE

TYPE (EMPLOYEE) PROGRAMMER

CALL SUB (PROGRAMMER)

Eﬁﬁ PROGRAM PGM
SUBROUTINE SUB (POSITION)

TYPE EMPLOYEE
SEQUENCE
INTEGER ID_NUMBER
CHARACTER (50) NAME

END TYPE EMPLOYEE

TYPE (EMPLOYEE) POSITION

o s

SUBROUTINE SUB

The actual argument PROGRAMMER and the dummy argument POSITION have the spme
e because they are declared with reference to a derived-type definition with the spme
namne, the SEQUENCE property, and components that agfee in order, name, and attribute

Suppose the component name ID_NUMBER was IDXNUM in the subroutine. Because all the
component names are not identical to the component names in derived type EMPLOYEE in
thel main program, the actual argument PROGRAMMER would not be of the same type aq the
dutnmy argument POSITION. Thus, the progtam would not be standard conforming.

2]
b

NOTE 4.32

The¢ requirement that the two types have the same name applies to the type-names of| the
respective derived-type-stmts, not to docal names introduced via renaming in USE statemenis.

4.4.3 |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.
4.4.4 |Construction of derived-type values

A derived-type definition implicitly defines a corresponding structure constructor that allows a
scalar yalue of.derived type to be constructed from a sequence of values, one value for pach
compornent ©fjthe derived type.

R431 |stricture-constructor is type-name (_expr-list )

The sequence of expressions in a structure constructor specifies component values that shall 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 shall conform with the shape of the component. A
structure constructor whose component values are all constant expressions is a derived-type
constant expression. A structure constructor shall not appear before the referenced type is defined.
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NOTE 4.33

This example illustrates a derived-type constant expression using a derived type defined in
Note 4.20:

PERSON (21, ‘JOHN SMITH')

A derived-type definition may have a component that is an array. Also, an object may be an array
of derived type. Such arrays may be constructed using an array constructor (4.5).

Where a component in the derived type is a pointer, the corresponding constructor expression shall

evalyprate—teoa gnment
stategment (7.5.2).

NOTE 4.34
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 Note 4.25
TYPE (REFERENCE) :: BIBLIO
the statement

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

s valid and associates the pointer component ABSTRACT of the object BIBLIO with the target
pbject TEXT.

4.4.5 Derived-type operations and assignment

Any|operation on derived-type entities or nenintrinsic assignment for derived-type entities shall
be defined explicitly by a function or a-Subroutine and a procedure interface block (1R.3.2.1).
Argyments and function values may be of'any derived or intrinsic type.

4.5| Construction of array values

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

R432  array-constructor is (/ ac-value-list /)
R433  ac-value is expr
or ac-implied-do
R434  ac-implied-do is ( ac-value-list , ac-implied-do-control )
R43y <ac-implied-do-control is ac-do-variable = scalar-int-expr , scalar-int-expr B

| I qr'alar—inf—Pr‘nr]
R436  ac-do-variable is scalar-int-variable

Constraint:  ac-do-variable shall be a named variable.

Constraint:  Each ac-value expression in the array-constructor shall have the same type and kind
type parameter.

If the ac-value expressions are of type character, each ac-value expression in the array-constructor
shall have the same character length parameter.

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
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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).

For an ac-implied-do, the loop initialization and execution is the same as for a DO construct. The
ac-do-variable of an ac-implied-do that is in another ac-implied-do shall not appear as the ac-do-variable
of the containing ac-implied-do.

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
constanf expression.

NOTE 4.35

An|example is:

REAL ::- X (3)
X o (/ 3.2, 4.01, 6.5 /)

NOJI'E 4.36

A

2.0
4.5
4.5

pne-dimensional array may be reshaped into any allowable <atray shape using

RE$HAPE intrinsic function (13.14.90). An example is:
Y 4 RESHAPE (SOURCE = (/ 2.0, (/ 4.5, 4.5 /), X /), 'SHAPE = (/ 3, 2 /))

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

3.2
4.01
6.5

the

NOTE 4.37

Examples of array constructors containifig an implied-DO are:

(Z]¢(x, T =1, 1075) /)

and

(/|3.6, (3.6 / I, T =1, X)) /)
NOTE 4.38

Using the type definition for PERSON in Note 4.20, an example of the construction
detived-type array value is:

of a

O,

type scalar value with a rank-2 array component is:

(/| PERSON (4D, 'SMITH'), PERSON (20, 'JONES') /)
NQTE 4.39
Us|ng the type definition for LINE in Note 4.21, an example of the construction of a deriyed-

LINE (RESHAPE ( (/ 0.0, 0.0, 1.0, 2.0 /), (/ 2, 2 /) ), 0.1, 1)

0) to (1, 2) of width 0.1 centimeters.

The RESHAPE intrinsic function is used to construct a value that represents a solid line from
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Section 5. Data object declarations and specifications

Every data object has a type and rank and may have type parameters and other attributes that
determine the uses of the object. Collectively, these properties are the attributes of the object. The
type of a named data object is either specified explicitly in a type declaration statement or
determined implicitly by the first letter of its name (5.3). All of its attributes may be included in a
type declaration statement or may be specified individually in separate specification statements. A
namdd data object shall not be explicitly specified to have a particular attribute more thah pnce in
a scoping unit.
NOTE 5.1

or example:

NTEGER :: INCOME, EXPENDITURE

eclares the two data objects named INCOME and EXPENDITURE to have the type integer.
, DIMENSION (-5:+5) :: X, ¥, Z

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

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

R502| type-spec is INTEGERT kind-selector ]

or REAL [ kind-selector ]

or DOUBLE PRECISION

or C€OMPLEX [ 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  entity-decl is object-name [ (array-spec )] [ * char-length ] [ initialization ]
or function-name [ * char-length ]

R505 initialization is = initialization-expr
or =>NULL ()

R506  kind-selector is ([ KIND = ] scalar-int-initialization-expr )
Constraint:  The same attr-spec shall not appear more than once in a given type-declaration-stmt.

Constraint: ~ An entity shall not be explicitly given any attribute more than once in a scoping unit.
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Constraint: The ALLOCATABLE attribute may be used only when declaring an array that is not
a dummy argument or a function result.

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

Constraint: An array-spec for an object-name that is a function result that does not have the
POINTER attribute shall be an explicit-shape-spec-list.

Constraint: If the POINTER attribute is specified, the TARGET, INTENT, EXTERNAL, or
INTRINSIC attribute shall not be specified.

Constraint: If the TARGET attribute is specified, the POINTER, EXTERNAL, INTRINSIC, or

—PARAMETER attribute shatt ot bespecified:

Constraint: The PARAMETER attribute shall not be specified for dummy arguments, (pointers,
allocatable arrays, functions, or objects in a common block.

Constraint: The INTENT and OPTIONAL attributes may be specified only"for dummy
arguments.

Constraint:  An entity shall not have the PUBLIC attribute if its type has the PRIVATE attribute.

Constraint: The SAVE attribute shall not be specified for an object that is in a common blogk, a
dummy argument, a procedure, a function result, an autonratic data object, qr an
object with the PARAMETER attribute.

Constraint:  An entity shall not have the EXTERNAL attribute if it-has the INTRINSIC attribpte.

Constraint:  An entity in an entity-decl-list shall not have the EXTERNAL or INTRINSIC attr{bute
specified unless it is a function.

Constraint: An array shall not have both the ALLOCATABLE attribute and the POINTER
attribute.

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

Constraint:  The function-name shall be the name'©f an external function, an intrinsic functipn, a
function dummy procedure, or a statément function.

Constrint:  The initialization shall appearsif the statement contains a PARAMETER attrjbute
(5.1.2.1).

Constrpint:  If initialization appears,“a double colon separator shall appear before| the
entity-decl-list.

Constraint:  initialization shallmot appear if object-name is a dummy argument, a function r¢sult,
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, an external namje, an
intrinsic ndme, or an automatic object.

Constrpint: If => appears in initialization, the object shall have the POINTER attribute. |If =
appears in initialization, the object shall not have the POINTER attribute.

Constrpint:  The,value of scalar-int-initialization-expr in kind-selector shall be nonnegative and [shall
specify a representation method that exists on the processor.

NQTE5:2
- — - - : o e

initialization 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 13.13.
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.

A function result may be declared to have the POINTER attribute.

The specification-expr (7.1.6.2) of a char-len-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), the
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specification part of a subprogram, or the type-spec of a FUNCTION statement (12.5.2.2). If a
specification-expr involves a reference to a specification function (7.1.6.2), the expression is
considered to be a nonconstant expression. 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.

NOTE 5.3

An automatic object shall neither appear in a SAVE or DATA statement nor be declared with
a SAVE attribute nor be initially defined by an initialization.

If a length-selector (5.1.1.5) is a nonconstant expression, the length is declared at the entry of the
procgdure and is not affected by any redefinition or undefinition of the variablés |in the
specfication expression during execution of the procedure.

If an|entity-decl contains initialization and the object-name does not have the PARAMETER attribute,
the ¢ntity is a variable with explicit initialization. Explicit initialization alternatively may be
specified in a DATA statement unless the variable is of a derived type-for which |default
initiglization is specified. If initialization is =initialization-expr, the object-nante becomes define¢d 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, shall not be explicitly initialized more than orjce in a
program. If the variable is an array, it shall have its shape specifiéd)in either the type declaration
statement or a previous attribute specification statement in the same scoping unit.

If inftialization is =>NULL (), object-name shall be a pointef)and its initial association status is
disagsociated. Use of =>NULL () in a scoping unit is a reférence to the intrinsic function NULL.

The presence of initialization implies that object-name i$saved, except for an object-name in ajnamed
common block or an object-name with the PARAMETER attribute. The implied SAVE attribyte may
be reaffirmed by explicit use of the SAVE attribute in the type declaration statement| or by
inclusion of the object-name in a SAVE statement(5.2.4).

OTE 5.4
xamples of type declaration stateménts are:

L A (10)
GICAL, DIMENSION (5, 5)( :% MASK1l, MASK2
OMPLEX :: CUBE_ROOT ='.(-0.5, 0.866)
EGER, PARAMETER :{ SHORT = SELECTED_INT KIND (4)
NTEGER (SHORT) K !  Range at least -9999 to 9999.
L (KIND (0.0D0))" A
L (KIND = 2)( B
COMPLEX (KIND'= KIND (0.0D0)) :: C
TYPE (PERSON)" :: CHAIRMAN
TYPE (NODE),,” POINTER :: HEAD => NULL ( )

NOTE 5.5
Type declaration statements in FORTRAN 77 required different attributes of an entity| to be

$pecifiedin-diffe i i —ete) vs the
attributes of an entity to be specified in a single extended form of the type statement. For

example,

INTEGER, DIMENSION (10, 10), 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
specified in the extended type statement may alternatively be specified in separate statements.
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5.1.1 Type specifiers

The type specifier in a type declaration statement specifies the type of the entities in the entity
declaration list. This explicit type declaration may override or confirm the implicit type that
would otherwise be indicated by the first letter of an entity name (5.3).

5.1.1.1 INTEGER

The INTEGER type specifier is used to declare entities of intrinsic type integer (4.3.1.1). The kind
selector, if present, specifies the integer representation method. If the kind selector is absent, the
kind type parameter is KIND (0) and the entities declared are of type default integer.

5.1.1.2( REAL

The REAL type specifier is used to declare entities of intrinsic type real (4.3.1.2). The kind selector,
if present, specifies the real approximation method. If the kind selector is absent, the kind type
parameter is KIND (0.0) and the entities declared are of type default real.

5.1.1.3| DOUBLE PRECISION

The DQUBLE PRECISION type specifier is used to declare entities. of intrinsic type dquble
precisign real (4.3.1.2). The kind parameter value is KIND (0.0D0). An)entity declared with ajtype
specifiegr REAL (KIND (0.0D0)) is of the same kind as one declared with the type specifier DOUBLE
PRECISION.

5.1.1.4| COMPLEX

The COMPLEX type specifier is used to declare entities of intrinsic type complex (4.3.1.3). | The
kind sefector, if present, specifies the real approximatieh 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
paramgter is KIND (0.0) and the entities declared are of type default complex.

5.1.1.5| CHARACTER
The CHARACTER type specifier is uséd-to declare entities of intrinsic type character (4.3.2.1),

R507 | char-selector is  length-selector
or ( LEN = char-len-param-value , R

B KIND = scalar-int-initialization-expr )
or ( char-len-param-value , B

B [ KIND = ] scalar-int-initialization-expr )
or ( KIND = scalar-int-initialization-expr B

B [, LEN = char-len-param-value ] )

R508 | length=selector is ([ LEN =] char-len-param-value )
or * char-length [, ]

R509 | char-length is ( char-len-param-value )
or scalar-int-literal-constant
R510  char-len-param-value is specification-expr
or *

Constraint: The value of scalar-int-initialization-expr shall be nonnegative and shall specify a
representation method that exists on the processor.

Constraint:  The scalar-int-literal-constant shall not include a kind-param.

Constraint: A function name shall not be declared with an asterisk char-len-param-value unless it is
the name of the result of an external function or the name of a dummy function.
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Constraint: A function name declared with an asterisk char-len-param-value shall not be array-valued, pointer-valued,
recursive, or pure.

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

Constraint: The optional comma in a length-selector is permitted only if no double colon separator appears in the

type-declaration-stmt.

The char-selector in a CHARACTER type-spec and the *char-length in an entity-decl or in a
component-decl of a type definition specify character length. The * char-length in an entity-decl or a
component-decl specifies an individual length and overrides the length specified in the char-selector,
if any. If a * char-length is not specified in an entity-decl or a component-decl, the length-selector or

char-len-param-value specified in the char-selector is the character length.
specihied 1n a char-selector or a ~ char-lengtn, the length 1s 1.

An

specjfied with an asterisk char-len-param-value.

If the length is not

issumed character length parameter is a type parameter of a dummy argument

that is

If the character length parameter value evaluates to a negative value, the dength of character
entities declared is zero. A character length parameter value of * may, be used only in the

following ways:

NOTE 5.6

dummy argument assumes the length of the associatéd.‘actual argument w
procedure is invoked.

(2) It may be used to declare a named constant, in which case the length is tha
constant value.

(3)  In an external function, the name of the function result'miay be specified with a character length j
value of *; in this case, any scoping unit invoking the function shall declare the function nan
character length parameter value other than * or‘aecess such a definition by host or use associatig
the function is invoked, the length of the result\variable in the function is assumed from the val
type parameter.

(1) It may be used to declare a dummy argument of a procedure, in which dase the

hen the

t of the

arameter
e with a
n. When
e of this

character length parameter of * only if the function is not invoked. This is becay
characteristic has to be specifiedyto be the same in the interface body as in the prq

length other than *.

An interface body may be specified for a dummy or external function whose resulf has a

definition, but in order to invoke such a procedure, the calling routine is required to specify a

se this
cedure

The 1
shall

The

absept, the kind ‘type parameter is KIND ('A") and the entities declared are of type
charpcter.

NOTE 5.7

ength specified for a character-valued statement function or statement function dummy argument of type
be a constant specification.expression.

[kind selector, if(present, specifies the character representation method. If the kind se

character

ector is
default

Examples of character type declaration statements are:

HARACTER (LEN = 10, KIND = 2) A

CHARACTER B, C *20

5.1.1.6 LOGICAL

The

LOGICAL type specifier is used to declare entities of intrinsic type logical (4.3.2.2).

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

A TYPE type specifier is used to declare entities of the derived type specified by the type-name.
The components of each such entity are declared to be of the types specified by the corresponding
component-def statements of the derived-type-def (4.4.1). When a data entity is declared explicitly to
be of a derived type, the derived type shall have been defined previously in the scoping unit or be
accessible there by use or host association. If the data entity is a function result, the derived type
may be specified in the FUNCTION statement provided the derived type is defined within the
body of the function or is accessible there by use or host association.

A scalar entity of derived type is a structure. If a derived type has the SEQUENCE property, a
scalar entity of the type is a sequence structure.” A scalar entity of numeric sequence type (4,4]1) is
a numgric sequence structure. A scalar entity of character sequence type (4.4.1) is a_character
sequenfe structure.

A decldration for a nonsequence derived-type dummy argument shall specify a derived type|that
is accegsed by use association or host association because the same definitiomshall be used to
declare|both the actual and dummy arguments to ensure that both are of the Same derived fype.
This regtriction does not apply to arguments of sequence type (4.4.2).

5.1.2 |Atftributes
The ax{itional attributes that may appear in the attribute specification of a type declaration

statemgnt further specify the 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 entities that are named constants. The object-name becgmes
defined with the value determined from the ingtialization-expr that appears on the right of the
equals,|in accordance with the rules of intrinsic assignment (7.5.1.4). The appearance jof a
PARAMIETER attribute in a specification requires that the = initialization-expr option appear fqr all
objects [in the entity-decl-list.

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

A named constant shall not appear within a format specification (10.1.1).

NQTE 5.8
Examples-of declarations with a PARAMETER attribute are:

¢ oPARAMETER :: ONE = 1.0, Y = 4.1 / 3.0

(/ 1, 2, 3 /)
TYPE(NODE), PARAMETER :: DEFAULT = NODE(O0, NULL ( ))

5.1.2.2 Accessibility attribute
The accessibility attribute specifies the accessibility of entities.

R511  access-spec is PUBLIC
or PRIVATE

Constraint:  An access-spec shall appear only in the specification-part of a module.

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

NOTE 5.9

An example of an accessibility specification is:

REAL, PRIVATE :: X, Y, Z

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

R51%3  intent-spec is IN

or OUT
or INOUT

Congtraint:  The INTENT attribute shall not be specified for a dummy argument that is a gummy

procedure or a dummy pointer.

Congtraint: A dummy argument with the INTENT(IN) attribute, or a subebjéct of such a gummy

The

undefined during the execution of the procedure.

The

argument, shall not appear as
(1)  The variable of an assignment-stmt,
(2)  The pointer-object of a pointer-assignment-stmt,
(3) A DO variable or implied-DO variable,
(4)  An input-item in a read-stmt,

(5) A wvariable-name in a namelist-stmt if the fame-list-group-name appears in a|NML=
specifier in a read-stmt,

(6) An internal-file-unit in a write-stmt,

(7)  An IOSTAT= or SIZE= specifier in afvjinput/output statement,

(8) A definable variable in an INQUIRE statement,

(9) A stat-variable or allocate-object’in an allocate-stmt or a deallocate-stmt, or

(10) An actual argument in a reference to a procedure with an explicit interface when the
associated dummy argument has the INTENT(OUT) or INTENT(INOUT) attribjte.

NTENT (IN) attribute specifies that the dummy argument shall neither be defined nor become

INTENT (OUT) attribute specifies that the dummy argument shall be defined before a

referpnce to the dummy argument is made within the procedure and any actual argument that
becomes associated \with such a dummy argument shall be definable. On invocation|of the
procedure, such a:dummy argument becomes undefined except for components of an object of

derived type fox Which default initialization has been specified.

The

INTENT'(INOUT) attribute specifies that the dummy argument is intended for use both to

receive/data from and to return data to the invoking scoping unit. Any actual argument that

becomes’associated with such a dummy argument shall be definable

If no INTENT attribute is specified for a dummy argument, its use is subject to the limitations of
the associated actual argument (12.4.1.1, 12.4.1.2, 12.4.1.3).

NOTE 5.10

An example of 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 entities that are arrays. The rank or shape is specified by the
array-spec, if there is one, in the entity-decl, or by the array-spec in the DIMENSION attr-spec
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 attr-spec. To declare an array in a type
declaration statement, either the DIMENSION attr-spec shall appear, or an array-spec shall appear in
the entity-decl. The appearance of an array-spec in an entity-decl specifies the DIMENSION attribute
for the entity. The DIMENSION attribute alternatively may be specified in the specification
statements DIMENSION, ALLOCATABLE, POINTER, TARGET, or COMMON.

R513  |array-spec is explicit-shape-spec-list
or assumed-shape-spec-list
or deferred-shape-spec-list
or assumed-size-spec

Constrdint: The maximum rank is seven.

NO[TE 5.11
]::'Imples of DIMENSION attribute specifications are:

ROUTINE EX (N, A, B)

REAL, DIMENSION (N, 10) :: W ! AutomaticCexplicit-shape array
REAL A (:), B (0:) ! Assumed-shape arrays

REAL, POINTER :: D (:, : ! Array pointer

REAL, DIMENSION (:), POINTER : ! Array pointer

REAL, ALLOCATABLE, DIMENSION ( ! Allocatable array

s

5.1.2.4/1 Explicit-shape array

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

R514 | explicit-shape-spec is [ lower-bound : ]| upper-bound
R515 |lower-bound is “specification-expr
R516 | upper-bound i8  specification-expr

Constraint: An explicit-shape-array whose bounds depend on the values of noncongtant
expressions shall be a dummy argument, a function result, or an automatic array of a
procedure.

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

If an ekplicit-shape array has bounds that are nonconstant specification expressions, the bogmds,
and hepce shape, are determined at entry to the procedure by evaluating the bounds expresgions.

The boundsof such an array are unaffected by any redefinition or undefinition of the specification
expres ioh variables r‘]nring execution of the prnr‘pdnrp

The values of each lower-bound and upper-bound determine the bounds of the array along a
particular dimension and hence the extent of the array in that dimension. The value of a lower
bound or an upper bound may be 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.
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5.1.2.4.2 Assumed-shape array

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

R517  assumed-shape-spec is [ lower-bound ] :
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 4 and the extent of the
corresponding dimension of the associated actual argument array is s, then the value of the upper
bourld is s +d - 1. The lower bound is lower-bound, if present, and 1 otherwise.

5.1.2.4.3 Deferred-shape array
A deferred-shape array is an allocatable array or an array pointer.

An allocatable array is a named array that has the ALLOCATABLE attributé-and a specifigd rank,
but its bounds, and hence shape, are determined when space is allocated.for'the array by execution
of ar ALLOCATE statement (6.3.1).

The ALLOCATABLE attribute may be specified for an array in a type declaration statement or in
an ALLOCATABLE statement (5.2.6). An array with the ALLOCATABLE attribute shall be
declagred with a deferred-shape-spec-list in a type declaration' statement, an ALLOCB‘}}ABLE
statement, a DIMENSION statement (5.2.5), or a TARGET statement (5.2.8). The type and type
parameters may be specified in a type declaration statement.

An drray pointer is an array with the POINTER attribute and a specified rank. Its bounfs, and
hende shape, are determined when it is associatediwith a target by pointer assignment (7.5.2) or by
execfition of an ALLOCATE statement (6.3.1). ¢The POINTER attribute may be specified for an
array in a type declaration statement, a component definition statement, or a POINTER stgtement
(5.2.7). An array with the POINTER attribute shall be declared with a deferred-shape-spec-fist in a
type| declaration statement, a POINTER ‘statement, or a DIMENSION statement (5.2.5). The type
and [type parameters may be specified in a type declaration statement or a component définition
statgment.

R518  deferred-shape-spec is
The frank is equal to the number of colons in the deferred-shape-spec-list.

The kize, bounds, and(shape of an unallocated allocatable array are undefined. No part of puch an
array shall be referenced or defined; however, the array may appear as an argument to an intrinsic
mqj;iy functionsthat is inquiring about the allocation status or a property of the type por type
parameters. Thelower and upper bounds of each dimension are those specified in the ALLOCATE
statgment when the array is allocated.

The [size,-bounds, and shape of the target of a disassociated array pointer are undefined. No part
of siichan array shall be referenced or defined; however, the array may appear as an argument to
an intrinsic inquiry function that is inquiring about argument presence, a property of the type or
type parameters, or association status. The bounds of each dimension of an array pointer may be
specified in two ways:

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

(2) They are specified in a pointer assignment statement. The lower bound of each
dimension is the result of the intrinsic function LBOUND (13.14.53) applied to the
corresponding dimension of the target. The upper bound of each dimension is the
result of the intrinsic function UBOUND (13.14.113) applied to the corresponding
dimension of the target.
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The bounds of the array target or allocatable array are unaffected by any subsequent redefinition
or undefinition of variables involved in the bounds.

5.1.2.4.4 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.

R519  assumed-size-spec is [ explicit-shape-spec-list , ] [ lower-bound : ] *
Constrainti—The-function-name of an grrny-vq]npr‘] function-shall not be declared as an assumed-
size array.

Constrdint:  An assumed-size array with INTENT (OUT) shall not be of a type for which default
initialization is specified.
The siz¢ of an assumed-size array is determined as follows:

(1) If the actual argument associated with the assumed-size dummyharray is an arrdy of
any type other than default character, the size is that of the actaal array.

(3) If the actual argument associated with the assumed-size dmmy array is an qrray
element of any type other than default character with @"‘subscript order value |of r
(6.2.2.2) in an array of size x, the size of the dummy arfayis x-r + 1.
(3) If the actual argument is a default character array, default character array element,|or a
default character array element substring (6.1.1)/ and if it begins at character storage
unit ¢ of an array with ¢ character storage units, the size of the dummy arrdy is
MAX (INT ((c - t + 1)/e), 0), where e is the length of an element in the dummy character
array.

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

An assyumed-size array has no upper bound in.itslast dimension and therefore has no extent in its
last dimension and no shape. An assumed-size array name shall not be written as a whole qrray
referenge except as an actual argument in a\procedure reference for which the shape is not reqyired
or in a feference to the intrinsic function LBOUND.

The bolinds of the first n - 1 dimensions are those specified by the explicit-shape-spec-list, if prefent,
in the dssumed-size-spec. The lower bound of the last dimension is lower-bound, if present, ahd 1
otherwijse. An assumed-size array may be subscripted or sectioned (6.2.2.3). The upper bqund
shall n¢t be omitted from assubscript triplet in the last dimension.

If an aspumed-size arrdy has bounds that are nonconstant specification expressions, the bound$ are
declarefl at entry to.the procedure. The bounds of such an array are unaffected by any redefinjtion
or undefinition ofthe specification expression variables during execution of the procedure.

5.1.2.5( SAVE attribute

An objectiwith the SAVE attribute, declared in the scoping unit of a subprogram, retainf its
association status, allocation status, definition status, and value after execution of a RETURN or
END statement unless the object is a pointer and its target becomes undefined (14.6.2.1.3(3)). The
object is shared by all instances (12.5.2.4) of the subprogram. Such an object is called a saved
object.

An object with the SAVE attribute, declared in the scoping unit of a module, retains its association
status, allocation status, definition status, and value after a RETURN or END statement is executed

in a procedure that accesses the module unless the object is a pointer and its target becomes
undefined.

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 shall be specified only in the scoping unit of a subprogram or an
interface block, and shall 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 (12.4.1.5). The PRESENT intrinsic function 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 attribute

An object with the POINTER attribute shall neither be referenced nor defined unless, as a result of
execpiting a pointer assignment (7.5.2) or an ALLOCATE statement (6.3.1), it becomes |pointer
assogiated with a target object that may be referenced or defined. If the pointer is an afray, it shall
be declared with a deferred-shape-spec-list.

INOTE 5.12
Fxamples of POINTER attribute specifications are:

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

For a more elaborate example see C.2.1.

5.1.2.8 TARGET attribute
An ¢bject with the TARGET attribute may have a pointer associated with it (7.5.2). An object
withput the TARGET or POINTER attribute shall not haye an accessible pointer associated with it.

NOTE 5.13
Examples of TARGET attribute specificationstare:

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

For a more elaborate example see C.2:2.

5.1.2.9 ALLOCATABLE attribute

The ALLOCATABLE attribute.may be specified for an array. Such an array shall be a déferred-
shape array; the shape is determined when space is allocated for the array by executiof of an
ALLDCATE statement (6.3.1).

5.1.2.10 EXTERNAL attribute

The [EXTERNAL attribute specifies an external function or a dummy function and pernpits the
funcfion nameéyto be used as an actual argument. This attribute may also be declared [via the
EXTERNA{L-statement (12.3.2.2).

5.1.4. 11 INTRINSIC attribute

The INTRINSIC attribute specifies the specific or generic name of an intrinsic function and
permits the name to be used as an actual argument if it is a specific name of an intrinsic function
(13.13). This attribute may also be declared via the INTRINSIC statement (12.3.2.3).

5.2 Attribute specification statements

All attributes (other than type) may be specified for entities, independently of type, by separate
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.
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5.2.1 INTENT statement
R520 intent-stmt is INTENT ( intent-spec ) [ :: | dummy-arg-name-list

Constraint: An intent-stmt shall appear only in the specification-part of a subprogram or an
interface body (12.3.2.1).

Constraint:  dummy-arg-name shall not be the name of a dummy procedure or a dummy pointer.
This statement specifies the INTENT attribute (5.1.2.3) for the dummy arguments in the list.

NOTE 5.14
An example of an INTENT statement is:

SU*ROUTINE EX (A, B)
INTENT (INOUT) :: A, B

5.2.2 | OPTIONAL statement
R521 |optional-stmt is OPTIONAL [ :: | dummy-arg-name-list

Constraint:  An optional-stmt shall occur only in the specification-part of a subprogram qr an
interface body (12.3.2.1).

This statement specifies the OPTIONAL attribute (5.1.2.6) for the dummy arguments in the ligt.

NOTE 5.15
A example of an OPTIONAL statement is:

SUBROUTINE EX (A, B)
OPTIONAL :: B

5.2.3 | Accessibility statements
R522 | access-stmt is access-spec:[ [ :: ] access-id-list ]

R523 | access-id is use-name

or generic-spec
Constrpint:  An access-stmt shall appear only in the specification-part of a module. Only one
accessibility statement with an omitted access-id-list is permitted in| the
specification-part of axmodule.

Constrpint:  Each use-name_shall be the name of a named variable, procedure, derived ftype,
named constant, or namelist group.

Constrpint: A module jprocedure that has a dummy argument or function result of a typq that
has PRIVATE accessibility shall have PRIVATE accessibility and shall not have a
generic identifier that has PUBLIC accessibility.

An acpess-stmt - With an access-id-list specifies the accessibility attribute (5.1.2.2), PUBLIC or
PRIVA[TE, of the entities in the list. An access-stmt without an access-id list specifies the default
access1bility that applies to all potentially accessible entities in the specification-part of the module.
The statement

PUBLIC
specifies a default of public accessibility. The statement
PRIVATE

specifies a default of private accessibility. If no such statement appears in a module, the default is
public accessibility.
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NOTE 5.16

Examples of accessibility statements are:

MODULE EX
PRIVATE
PUBLIC :: A, B, C, ASSIGNMENT (=), OPERATOR (+)

5.2.4 SAVE statement
R524  save-stmt is SAVE [ [ :: ] saved-entity-list ]
R52%  saved-entity is object-name

Con

Con

AS

or / common-block-name /

straint:  An object-name shall not be the name of an object in a common block, a dummy
argument name, a procedure name, a function result name, an automatic dafa object
name, or the name of an object with the PARAMETER attribute:

btraint:  If a SAVE statement with an omitted saved entity list occurs'in a scoping pnit, no
other explicit occurrence of the SAVE attribute or SAVE statement is permitteld in the
same scoping unit.

AVE statement with a saved entity list specifies the SAVE @ttribute (5.1.2.5) for all| objects

namied in the list or included within a common block named in.the list. A SAVE statement without
a sajed entity list is treated as though it contained the namies of all allowed items in the same

scopling unit.

If a

particular common block name is specified in a)SAVE statement in any scoping upit of a

program other than the main program, it shall be specified in a SAVE statement in every [scoping

unit

in which that common block appears exceptin the scoping unit of the main program. For a

common block declared in a SAVE statement, ¢he values in the common block storage sequence

(5.5.

scoping unit in the execution sequence of'the program that specifies the common block

D.1) at the time a RETURN or END statement is executed are made available to ﬂfie next
ame or

accegses the common block. If a named'‘common block is specified in the scoping unit of the main
program, the current values of the common block storage sequence are made available[to each
scoging unit that specifies the named common block. The definition status of each objeqt in the
named common block storage:sequence depends on the association that has been established for

the

A SAVE statement may.appear in the specification part of a main program and has no effeft.

fommon block storage sequence.

NOTE 5.17

An example of a“SAVE statement is:
SAVE A, B,-C, / BLOCKA /, D

5.2.
R524

5  DIMENSION statement

B [, array-name ( array-spec ) ] ...

This statement specifies the DIMENSION attribute (5.1.2.4) and the array properties for each object
named.

NOTE 5.18

An example of a DIMENSION statement is:

DIMENSION A (10), B (10, 70), C (:)
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5.2.6 ALLOCATABLE statement

R527  allocatable-stmt is ALLOCATABLE[:] W

W array-name [ ( deferred-shape-spec-list ) | B

W [, array-name [ ( deferred-shape-spec-list ) ] 1 ...
Constraint: The array-name shall not be a dummy argument or function result.

Constraint: If the DIMENSION attribute for an array-name is specified elsewhere in the scoping
unit, the array-spec shall be a deferred-shape-spec-list.

This statement specifies the ALLOCATABLE attribute (5.1.2.9) for a list of arrays.

NO[TES.19
An|example of an ALLOCATABLE statement is:

REAL A, B (:)
ALIOCATABLE :: A (:, :), B

5.2.7 |POINTER statement
R528 |pointer-stmt is POINTER [ :: ] object-name [ ( deferred*shape-spec-list ) || B
W [, object-name [ ( deferred-shapesspec-list ) ] ] ...
Constrdint: The INTENT attribute shall not be specified for an object-name.

Constrgint: If the DIMENSION attribute for an object-name is specified elsewhere in the scoping
unit, the array-spec shall be a deferred-shape-spec-list.

Constrdint: The PARAMETER attribute shall not be specified for an object-name.
This stqtement specifies the POINTER attribute (5.1.2.7).for a list of objects.

NOTE 5.20
An|example of a POINTER statement is:

TYPE (NODE) :: CURRENT
POINTER :: CURRENT, A (3, :)

5.2.8 |TARGET statement

R529 |target-stmt is TARGET [ :: ] object-name [ ( array-spec ) ] R
M [, object-name [ ( array-spec ) 1] ...

Constrgint: The PARAMETER attribute shall not be specified for an object-name.
This stqtement specifies the TARGET attribute (5.1.2.8) for a list of objects.

NQTE 5.21
Anfexample 0f a TARGET statement is:

TARGET s:s>A (1000, 1000), B

5.2.9 L PARAMETER statement

The PARAMETER statement specifies the PARAMETER attribute (5.1.2.1) and the values for the
named constants in the list.

R530  parameter-stmt is PARAMETER ( named-constant-def-list )

R531  named-constant-def is named-constant = initialization-expr

The named constant shall have its type, type parameters, and shape specified in a prior
specification of the specification-part or declared implicitly (5.3). If the named constant is typed by
the implicit typing rules, its appearance in any subsequent specification of the specification-part
shall confirm this implied type and the values of any implied type parameters.
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Each named constant becomes defined with the value determined from the initialization
expression that appears on the right of the equals, in accordance with the rules of intrinsic
assignment (7.5.1.4).

A named constant that appears in the initialization expression shall 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 shall not appear as part of a format specification (10.1.1).

NOTE 5.22
An example of a PARAMETER statement is:

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

5.2.10 DATA statement
R532 data-stmt is DATA data-stmt-set [ [ , ] data-stmt-set § ...

This [statement is used to specify explicit initialization (5.1).

A variable, or part of a variable, shall not be explicitly initialized miore than once in a program. If
a nonpointer object or subobject has been specified with default’initialization in a type definition,
it shall not appear in a data-stmt-object-list.

A variable that appears in a DATA statement and has notbeen typed previously may appgar 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 shall have had ity array
properties established by a previous specification statement.

Except for variables in named common blocks,afamed 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 of a type
decldration statement containing the SAVE attribute.

R533 data-stmt-set is~, data-stmt-object-list / data-stmt-value-list /
R534  data-stmt-object is wvariable

or data-implied-do
R535|  data-implied-do is ( data-i-do-object-list , data-i-do-variable = B

W 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

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

Congtrdint: In a variable that is a data-stmt-object, any subscript, section subscript, s
: it and . . . S .

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

Constraint: A data-i-do-object or a variable that appears as a data-stmt-object shall not be a subobject
of a pointer.

Constraint:  data-i-do-variable shall be a named variable.
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Constraint: A scalar-int-expr of a data-implied-do shall involve as primaries only constants,
subobjects of constants, or DO variables of the containing data-implied-dos, and each
operation shall be intrinsic.

Constraint: The array-element shall not have a constant parent.
Constraint:  The scalar-structure-component shall not have a constant parent.

Constraint: The scalar-structure-component shall contain at least one part-ref that contains a
subscript-list.

Constraint: In an array-element or a scalar-structure-component that is a data-i-do-object, any
subscript shall be an expression whose primaries are either constants, subobjects of
constants—er-DO-variables-of-the-containing data-implied-dosand-each-operationshall

be intrinsic.
R538 |data-stmt-value is [ data-stmt-repeat * ] data-stmt-constant

R539 |data-stmt-repeat is scalar-int-constant
or scalar-int-constant-subobject

R540 |data-stmt-constant is scalar-constant

or scalar-constant-subobject
or signed-int-literal-constant
or signed-real-literal-constant
or NULL ()

or structure-constructor

Constraint: The data-stmt-repeat shall be positive or zerd:( If the data-stmt-repeat is a ngmed
constant, it shall have been declared previously in the scoping unit or made
accessible by use association or host association.

Constraint: In a scalar-int-constant-subobject that is>ar data-stmt-repeat any subscript shall be an
initialization expression.

Constraint: In a scalar-constant-subobject that™is a data-stmt-constant any subscript, substring
starting point, or substring ending point shall be an initialization expression.

Constraint: If a DATA statement constant value is a named constant or a structure constryctor,
the named constant or.dérived type shall have been declared previously in the
scoping unit or made accessible by use or host association.

Constrpint: If a data-stmt-constanit is a structure-constructor, each component shall b¢ an
initialization expression.
The data-stmt-object-list is expanded to form a sequence of pointers and scalar variables, referrpd to
as “sequence of variables” in subsequent text. A nonpointer array whose unqualified name
appear in a data-stmg-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 ¢lement order. A data-implied-do is expanded to form a sequence of array elements and
re components, under the control of the implied-DO variable, as in the DO congtruct

eguence—-o data=-stmt-con au A-_daltad=Simi=

a-strt-value expanede a—sequ e : COnS S tepeat
indicates the number of times the following data-stmt-constant is to be included in the sequence;
omission of a data-stmt-repeat has the effect of a repeat factor of 1.

A zero-sized array or an implied-DO list with an iteration count of zero contributes no variables to
the expanded sequence of variables, but a zero-length scalar character variable does contribute a
variable to the list. A data-stmt-constant with a repeat factor of zero contributes no data-stmt-
constants to the expanded sequence of scalar data-stmt-constants.

The expanded sequences of variables and data-stmt-constants are in one-to-one correspondence.
Each data-stmt-constant specifies the initial value or NULL () for the corresponding variable. The
lengths of the two expanded sequences shall be the same.

62


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

© ISO/IEC ISO/IEC 1539-1:1997(E)

If a data-stmt-constant is NULL (), the corresponding data-stmt-object shall have the POINTER
attribute.

If a data-statement-constant is a boz-literal-constant, the corresponding object shall be of type integer.
A data-stmt-constant that is a boz-literal-constant is treated as if the constant were an int-literal-
constant with a kind-param that specifies the representation method with the largest decimal
exponent range supported by the processor.

A data-stmt-constant other than NULL () shall be compatible with its corresponding variable
according to the rules of intrinsic assignment (7.5.1.4), and the variable becomes initially defined
with the data-stmt-constant in accordance with the rules of intrinsic assignment.

If a [variable has the POINTER attribute, the corresponding data-stmt-constant shall beANULL (),
and [the pointer has an initial association status of disassociated.

NOTE 5.23
Examples of DATA statements are:

CHARACTER (LEN = 10) NAME

INTEGER, DIMENSION (0:9) :: MILES

IREAL, DIMENSION (100, 100) :: SKEW

TYPE (NODE), POINTER :: HEAD_ OF_ LIST

TYPE (PERSON) MYNAME, YOURNAME

ATA NAME / 'JOHN DOE' /, MILES / 10 * 0 /

ATA ((SKEW (K, J), J =1, K), K =1, 100) / 5050 * 0.0 /
TA ((SKEW (K, J), J =K + 1, 100), K =1, 99)./ 4950 * 1.0 /
TA HEAD_OF_LIST / NULL() /

TA MYNAME / PERSON (21, 'JOHN SMITH') /

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

e character variable NAME is initialized with the value JOHN DOE with padding| on the
ight because the length of the constant.is less than the length of the variable. [All ten
lements of the integer array MILES 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.
e structures MYNAME and YOURNAME are declared using the derived type PERSON
rom Note 4.20. The pointer HEAD_OF_LIST is declared using the derived type NODE from
ote 4.26; it is initially disassociated. MYNAME is initialized by a structure congtructor.
[YOURNAME is initialized by 'supplying a separate value for each component.

5.3| IMPLICIT statement

In a|scoping unit, afh IMPLICIT statement specifies a type, and possibly type parameterq, for all
implicitly typed data entities whose names begin with one of the letters specified in the stqtement.
Altenatively, it may indicate that no implicit typing rules are to apply in a particular scoping unit.

R54]1  implcit-stmt is IMPLICIT implicit-spec-list
or IMPLICIT NONE

R54 implicit-spec is fype-spec ( letter-spec-list )

R543  letter-spec is letter [ — letter ]

Constraint:  If IMPLICIT NONE is specified in a scoping unit, it shall precede any PARAMETER
statements that appear in the scoping unit and there shall be no other IMPLICIT
statements in the scoping unit.

Constraint:  If the minus and second letter appear, the second letter shall follow the first letter
alphabetically.

A letter-spec consisting of two letters separated by a minus is equivalent to writing a list containing
all of the letters in alphabetical order in the alphabetic sequence from the first letter through the
second letter. For example, A-C is equivalent to A, B, C. The same letter shall not appear as a
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single letter, or be included in a range 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 type parameters). An IMPLICIT statement specifies the mapping for the letters in
its letter-spec-list. IMPLICIT NONE specifies the null mapping for all the letters. If a mapping is
not specified for a letter, the default for a program unit or an interface body is default integer if the
letteris 1, J, ..., or N and default real otherwise, and the default for an internal or module procedure
is the mapping in the host scoping unit.

Any data entity that is not explicitly declared by a type declaration statement, is not an intrinsic
functioi}, and is not made accessible by use association or host association is declared implicifly to
e type (and type parameters) mapped from the first letter of its name, provided the
is not null. The mapping for the first letter of the data entity shall eithen have peen

the host scope. The data entity is treated as if it were declared in an explicit type declaration ip the
outermgst scoping unit in which it appears. An explicit type specification”in a FUNCTION
t overrides an IMPLICIT statement for the name of the result variable of that fun¢tion
subprogram.

5.24
The following are examples of the use of IMPLICIT statements:

MODULE EXAMPLE MODULE
IMPLICIT NONE

INTERFACE
FUNCTION FUN (I) ! Not all data entities need
INTEGER FUN ! be declared (explicitly

END FUNCTION FUN
END INTERFACE

CONTAINS
FUNCTION JFUN (J) ! All data entities need to
INTEGER JFUN, J ! be 'declared explicitly.

e o.n

END FUNCTION JFUN
3 MODULE EXAMPLE MODULE

ROUTINE SUB
IMPLICIT COMPLEX (C)
CcC = (3.0, 2.0) ! C is implicitly declared COMPLEX

CONTAINS
SUBROUTINE SUB1
IMPLICIT INTEGER (A, C)
,C“= (0.0, 0.0) C is host associated and of

!
! type complex
Z=1.0 ! Z is implicitly declared REAL
1
!

A =2 A is implicitly declared INTEGER
cC =1 CC is implicitly declared INTEGER

END SUBROUTINE SUB1

SUBROUTINE SUB2
Z =2.0 ! Z is implicitly declared REAL and
! is different from the variable of
! the same name in SUB1l

e ee

END SUBROUTINE SUB2
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NOTE 5.24 (Continued)

SUBROUTINE SUB3

USE EXAMPLE_MODULE Accesses integer function FUN

!
! by use association

Q = FUN (K) ! Q@ is implicitly declared REAL and
! K is implicitly declared INTEGER

END SUBROUTINE SUB3
END SUBROUTINE SUB

NOTE 5.25
An IMPLICIT statement may specify a type-spec of derived type.

For example, given an IMPLICIT statement and a type defined as follows:

IMPLICIT TYPE (POSN) (A-B, W-Z), INTEGER (C-V)
FYPE POSN

REAL X, Y
INTEGER Z
END TYPE POSN

variables beginning with the letters A, B, W, X, Y, and Z ar¢ implicitly typed with the type
POSN and the remaining variables are implicitly typed with-type INTEGER.

INOTE 5.26

The following is an example of a mapping to a defived type that is inaccessible in the local
Scope:

PROGRAM MAIN
IMPLICIT TYPE(BLOB) (A)
TYPE BLOB \
INTEGER :: I
END TYPE BLOB
TYPE(BLOB) :: B
CALL STEVE
CONTAINS
SUBROUTINE .STEVE
INTEGER :: BLOB

END SUBROUTINE STEVE
END PROGRAM MAIN

In the subroutine STEVE, it is not possible to explicitly declare a variable to be of typ¢ BLOB
because"BLOB has been given a different meaning, but implicit mapping for the letterd A still
maps._fo type BLOB, so AA is of type BLOB.

5.4 NAMELIST statement

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

R544  namelist-stmt is NAMELIST W
B / namelist-group-name / namelist-group-object-list B
B[ [, ]/ namelist-group-name / namelist-group-object-list | ...

R545  namelist-group-object is variable-name
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Constraint:

Constraint:

Constraint:

The order
determipes

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

If a namelist-group-name has the PUBLIC attribute, no item in the
namelist-group-object-list shall have the PRIVATE attribute or have private
components.

The namelist-group-name shall not be a name made accessible by use association.

in which the data objects (variables) are specified in the NAMELIST statement
the order in which the values appear on output

Any natfelist-group-name may occur in more than one NAMELIST statement in a scoping unif. The
namelist{group-object-list following each successive appearance of the same namelist-group~name|in a

scoping|un
A namellist

A namgdlist

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

group object shall either be accessed by use or host association orshall have its type,

type patameters, and shape specified by previous specification statements, in the same scoping [unit
or by tHe implicit typing rules in effect for the scoping unit. If a namelistgroup object is typed by

confi
N

the implicit typing rules, its appearance in any subsequent type(declaration statement shall
niie implied type and type parameters.

5.27

Anl example of a NAMELIST statement is:
LIST /NLIST/ A, B, C

5.5 S$torage association of data objects

In general,

the physical storage units or storage order for data objects is not specifiable. Howegver,

the EQUIVALENCE statement, the COMMON statement, and the SEQUENCE statement prgvide

for control

is descyibed in 14.6.3.

5.5.1 | EQUIVALENCE statement

of the order and layout of storage units. The general mechanism of storage associgtion

An EQUIVALENCE statement is used to specify the sharing of storage units by two or fnore
objects|in a scoping unit. (This causes storage association of the objects that share the storage units.

If the dquivalenced objects have differing type or type parameters, the EQUIVALENCE statement
does npt 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 propgrties

of a scalar.
R546 | eguivalence-stmt is EQUIVALENCE equivalence-set-list
R547  equivalence-set is ( equivalence-object , equivalence-object-list )
R548  equivalence-object is wvariable-name
or array-element
or substring
Constraint:  An equivalence-object shall not be a dummy argument, a pointer, an allocatable array,
an object of a nonsequence derived type, an object of a sequence derived type
containing a pointer at any level of component selection, an automatic object, a
function name, an entry name, a result name, a named constant, a structure
component, or a subobject of any of the preceding objects.
Constraint:  An equivalence-object shall not have the TARGET attribute.
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Constraint: Each subscript or substring range expression in an equivalence-object shall be an
integer initialization expression (7.1.6.1).

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

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

Constraint:  If an equivalence-object is of a derived type that is not a numeric sequence or character
sequence type, all of the objects in the equivalence set shall be of the same type.
Constraint:— If an eguivalence-ohject is of an intrinsic type other than default integer, default real,
double precision real, default complex, default logical, or default character/al] of the
objects in the equivalence set shall be of the same type with the same-kind type
parameter value.

Consfraint: The name of an equivalence-object shall not be a name made accessible by use
association.

Consfraint: A substring shall not have length zero.
OTE 5.28
'he EQUIVALENCE statement allows the equivalencing of sequence structures and the

quivalencing of objects of intrinsic type with nondefault type(parameters, but there arg strict
ules regarding the appearance of these objects in an EQUIVALENCE statement.

= o 27

tructures that appear in EQUIVALENCE statements shall be sequence structures| If a
lequence structure is not of numeric sequence type of.of character sequence type, it shall be
quivalenced only to objects of the same type.

0o W N

A numeric sequence structure may be equivalenced to another numeric sequence structyire, an
gbject of default integer type, default real type, double precision real type, default cqmplex
type, or default logical type such that components of the structure ultimately become
gssociated only with objects of these types:

A character sequence structure may, be equivalenced to an object of default character type or
dnother character sequence structure:

Other objects may be equivalenced only to objects of the same type and kind type parameters.

Further rules on the interaction of EQUIVALENCE statements and default initialization are
given in 14.6.3.3.

5.5.111 Equivalence-association

An HQUIVALENCE ‘statement specifies that the storage sequences (14.6.3.1) of the data |objects
specified in an eguivalence-set are storage associated. All of the nonzero-sized sequences|in the
equivplence-set~if any, have the same first storage unit, and all of the zero-sized sequenceq in the
equivplencesset;-if any, are storage associated with one another and with the first storage unit| of any
nonzero-§izéd sequences. This causes the storage association of the data objects |in the
equivplerice-set and may cause storage association of other data objects.

5.5.1.2 Equivalence of default character objects

A data object of type default character may be equivalenced only with other objects of type default
character. The lengths of the equivalenced objects need not be the same.

An EQUIVALENCE statement specifies that the storage sequences of all the default character data
objects specified in an equivalence-set are storage associated. All of the nonzero-sized sequences in
the equivalence-set, if any, have the same first character storage unit, and all of the zero-sized
sequences in the equivalence-set, if any, are storage associated with one another and with the first
character storage unit of any nonzero-sized sequences. This causes the storage association of the
data objects in the equivalence-set and may cause storage association of other data objects.
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NOTE 5.29
For example, using the declarations:

CHARACTER (LEN = 4) :: A, B
CHARACTER (LEN = 3) :: C (2)
EQUIVALENCE (A, C (1)), (B, C (2))

the association of A, B, and C can be illustrated graphically as:
1 2 3 4 5 6 7

e e e

| . T - S - |

IF-- e ---] |--- c(2) ---|

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 jn an
EQUIVALENCE statement has the same effect as using an array element designator that identifies
the firdt element of the array.

5.5.1.4 Restrictions on EQUIVALENCE statements
An EQUIVALENCE statement shall not specify that the same storage unit is to occur more| than
once in} a storage sequence.

NOTE 5.30
Edr example:

, DIMENSION (2) :: A
1B ?
B VALENCE (A (1), B), (A (2), B) ! Not standard conforming

is [prohibited, because it would specify the’same storage unit for A (1) and A (2).

An EQUIVALENCE statement shall not specify that consecutive storage units are fo be
noncomsecutive.
NOQTE 5.31
Fgr example, the following-is.prohibited:
A (2)
LE 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 mhy be
accessed by any of the scoping units in a program. Thus, the COMMON statement provifes a
global [data-facility based on storage association (14.6.3).

The common blocks specified by the COMMON statement may be named and are called named
common blocks, or may be unnamed and are called blank common.

R549  common-stmt is COMMON B
B [ / [ common-block-name | / Jcommon-block-object-list B
B[ [,]/ [ common-block-name ] /common-block-object-list ] ...

R550  common-block-object is variable-name [ ( explicit-shape-spec-list ) ]

Constraint: Only one appearance of a given wvariable-name is permitted in all
common-block-object-lists within a scoping unit.
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Constraint: A common-block-object shall not be a dummy argument, an allocatable array, an
automatic object, a function name, an entry name, or a result name.

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

Constraint:  If a common-block-object is of a derived type, it shall be a sequence type (4.4.1) with no
default initialization.

Constraint: If a wvariable-name appears with an explicit-shape-spec-list, it shall not have the
POINTER attribute.

Constraint: A variable-name shall not be a name made accessible by use association.

In gach COMMON statement, the data objects whose names appear in a common block, opject list
follpwing a common block name are declared to be in that common block. If the first fommon
blogk name is omitted, all data objects whose names appear in the first common block opject list
are |specified to be in blank common. Alternatively, the appearance of two'slashes with no
confmon block name between them declares the data objects whose names appear in the ¢ommon
blogk object list that follows to be in blank common.

Any common block name or an omitted common block name for blank common may ocdur more
than once in one or more COMMON statements in a scoping ufit.” The common block list
follpwing each successive appearance of the same common blockmamie in a scoping unit i$ treated
as d continuation of the list for that common block name. Similarly, each blank commg¢n block
object list in a scoping unit is treated as a continuation of blank*common.

The| form wvariable-name (explicit-shape-spec-list) declares <wariable-name to have the DIMENSION
attrjbute and specifies the array properties that apply,~If 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.

INOTE 5.32
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 pach common block in ascoping unit, a common block storage sequence is formed as fpllows:

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

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

Only COMMON statements and EQUIVALENCE statements appearing in the scoping unit
contribute to common block storage sequences formed in that unit. Variables made accessible by
use association or host association do not contribute.

5.5.2.2 Size of a common block

The size of a common block is the size of its common block storage sequence, including any
extensions of the sequence resulting from equivalence association.
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5.5.2.3 Common association

Within a program, the common block storage sequences of all nonzero-sized common blocks with
the same name have the same first storage unit, and the common block storage sequences of all
zero-sized common blocks with the same name are storage associated with one another. Within a
program, the common block storage sequences of all nonzero-sized blank common blocks have the
same first storage unit and the storage sequences of all zero-sized blank common blocks are
associated with one another and with the first storage unit of any nonzero-sized blank common
blocks. This results in the association of objects in different scoping units. Use association or host
association may cause these associated objects to be accessible in the same scoping unit.

A nonpointer object of default integer type, default real type, double precision real type, det hult
complex type, default logical type, or numeric sequence type shall become associated omly ‘with
nonpointer objects of these types.

A nonpginter object of type default character or character sequence type shall become associated
only with nonpointer objects of these types.

A nonpointer object of a derived type that is not a numeric sequence or character sequence fype
shall begome 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 fomplex, default logical, or default character shall become associated only with nonpointer
objects ¢f the same type and type parameters.

A pointpr shall become storage associated only with pointer§-of the same type, type parameters,
and rank.

An objeft with the TARGET attribute may become storage associated only with another object [that
has the TARGET attribute and the same type and type parameters.

NOJTE 5.33
A dommon block is permitted to contain sequences of different storage units, provided gach
scoping unit that accesses the common block specifies an identical sequence of storage units
for|the common block. For example, this allows a single common block to contain Both
nutperic and character storage units.

Asdociation in different scoping" units between objects of default type, objects of doyble
prefision real type, and @equence structures is permitted according to the rules | for
eqyivalence objects (5.5.1) ’

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:

() Exeécution 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 undefjned

(14 T £
\J.'!.I JJ.

(2) Named common blocks of the same name shall be of the same size in all scoping units
of a 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 (11.4), but objects
in blank common shall not be initially defined.

5.5.2.5 Restrictions on common and equivalence

An EQUIVALENCE statement shall not cause the storage sequences of two different common
blocks to be associated.
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Equivalence association shall not cause a common block storage sequence to be extended by

adding storage units preceding the first storage unit of the first object specified in a COMMON
statement for the common block.

NOTE 5.34
For example, the following is not permitted:

COMMON /X/ A
REAL B (2)

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

E 1 tlernca—a atatl hall o
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asso¢iated with an object in a common block.

o
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Section 6: Use of data objects

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

R60l  wvariable is scalar-variable-name
or array-variable-name
or subobject

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

Constraint:  subobject shall not be a subobject designator (for examplé, a substring) whosp parent
is a constant.

R60R  subobject is array-element

or array-section

or structure-component
or substring

R60B  logical-variable is wvariable

Constraint:  logical-variable shall be of type logical.

R604  default-logical-variable is wvariable

Congstraint:  default-logical-variable shall be'of type default logical.
R605  char-variable is_“wariable

Congtraint:  char-variable shall be of type character.

R606  default-char-variable is variable

Constraint:  default-char-variable shall be of type default character.
R60Y  int-variable is wvariable

Conptraint:  int-vakiable shall be of type integer.

R608  default-intzvariable is wvariable

Constraint:. (| default-int-variable shall be of type default integer.

Poirfters( and allocatable arrays shall not be defined in circumstances explained in §.1.2.4.3.
Dur11my arguments or variables associated with dummy arguments shall not be defined in
circumstances explained in 12.4.1.1, 12415, 124.1.6, and 125.2.1.

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, 5.2.9). 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 (10) A, B (10)
TYPE (PERSON) P ! See Note 4.20

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

6.1

Scalars

A scalar[(2.4.4) Is a data entity that can be represented by a singte vatue of the datatypeard

is not

an array (6.2). Its value, if defined, is a single element from the set of values

charactetize its data type.
NOTE 6.2

ﬂ:at
at

A

CO:

onents (4.4.3).

ﬁlar object of derived type has a single value that consists of values of the data types of

e

ts

A scalar|has rank zero.

6.1.1 Substrings
A substfing 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-string is scalar-variable-name
or array-element
or scalar-structiire-component
or scalar-constant
R611  bubstring-range is [ scalar-int-expr ] : [ scalar-int-expr ]

Constrajnt:  parent-string shall be of type’character.

The firs
the end

MAX (I} f +1,0), where f and | are the starting and ending points, respectively.

Let the 4
string.
and pro

 scalar-int-expr in substring-fange is called the starting point and the second one is callled
ing point. The length Jf a'substring is the number of characters in the substring and is

Fharacters in the parent string be numbered 1,2, 3, ..., n, where n is the length of the parent
Then the characters in the substring are those from the parent string from the starting point
ceeding in sequence up to and including the ending point. Both the starting point and the

ending point shall be within the range 1,2, ..., n unless the starting point exceeds the ending p¢int,

in whic]

is 1. If the énding point is not specified, the default value is n.

If the parent is a variable, the substring is also a variable.

h case the-substring has length zero. If the starting point is not specified, the default vplue

NOTE 6.3

Examples of character substrings are:
B(1)(1:5) array element as parent string
P%¥NAME (1:1) structure component as parent string
ID(4:9) gscalar variable name as parent string
0123456789 "' (N:N) character constant as parent string
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6.1.2 Structure components

A structure component is part of an object of derived type; it may be referenced by a subobject
designator. A structure component may be a scalar or an array.

R612  data-ref is part-ref [ % part-ref] ...
R613  part-ref is part-name [ ( section-subscript-list ) ]

Constraint: In a data-ref, each part-name except the rightmost shall be of derived type.

Constraint: In a data-ref, each part-name except the leftmost shall be the name of a component of
the derived-type definition of the type of the preceding part-name.

Consfraint: In a part-ref containing a section-subscript-list, the number of section-subscripts shall
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 apart-ref that has
a section subscript list is the number of subscript triplets and vector subscripts in, the list.

Consfraint: In a data-ref, there shall not be more than one part-ref with nonzéro’rank. A pant-name
to the right of a part-ref with nonzero rank shall not have the POINTER attribite.

The rank of a data-ref is the rank of the part-ref with nonzero rank, if{any; otherwise, the fank is
zero. | The parent object of a data-ref is the data object whose name,is the leftmost part name¢.

R614 | structure-component is data-ref

Consfraint: In a structure-component, there shall be more than one part-ref and the rightmost
part-ref shall be of the form part-name.

The type and type parameters, if any, of a structure €Component are those of the rightmopt part
namel A structure component shall be neither referenced nor defined before the declaration| of the
parent object. A structure component has the INTENT, TARGET, or PARAMETER attribute if the
parent object has the attribute. A structure component is a pointer only if the rightmost parf name
is defined to have the POINTER attribute.

NOTE 6.4
Hxamples of structure components are:

SCALAR_PARENT%SCALAR_FIELD scalar component of scalar parent
ARRAY PARENT (J)%SCALAR_FIELD component of array element pagnt
ARRAY PARENT (1:N)%SCALAR_FIELD component of array section parent

Hor a more elaborate é&xample see C.3.1.

OTE 6.5
lhe syntax rules are structured such that a data-ref that ends in a component name without a
pllowing subscript list is a structure component, even when other component names [in the
ata-ref atefollowed by a subscript list. A data-ref that ends in a component name yith a
bllowdng subscript list is either an array element or an array section. A data-ref of nop-zero
hnk that ends with a substring-range is an array section. A data-ref of zero rank that ends with
substring-range is a substring.

[ e 4

6.2 Arrays

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. The scalar data that make up an array are the array
elements.

No order of reference to the elements of an array is indicated by the appearance of the array name
or designator, except where array element ordering (6.2.2.2) is specified.
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6.2.1 Whole arrays

A whole array is a named array, which may be either a named constant (5.1.2.1, 5.2.9) or a variable;
no subscript list is appended to the name.

The appearance of a whole array variable in an executable construct specifies all the elements of
the array (2.4.5). An assumed-size array is permitted to appear as a whole array in an executable
construct only as 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
except for the appearance of a whole array name in an equivalence set (5.5.1.3).

6.2.2 | Array elements and array sections
R615 | array-element is data-ref

Constrpint:  In an array-element, every part-ref shall have rank zero and the last part-ref shall
contain a subscript-list.

R616 | array-section is data-ref [ ( substring-range ) |

Constrpint:  In an array-section, exactly one part-ref shall have nonzere rark, and either the| final
part-ref shall have a section-subscript-list with nonzero rank or another part-ref|shall
have nonzero rank.

Constraint:  In an array-section with a substring-range, the rightmost part-name shall be of| type

character.
R617 | 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: A vector-subscript shall be an integer array expression of rank one.
Constfaint: The second subscript shall not be omitted from a subscript-triplet in thq last
dimension of an assumed-size array.

An arfay element is a scalar. An array section is an array. If a substring-range is present fn an
array-section, each element is the designated substring of the corresponding element of the prray
section).

NOTE 6.6
For example, with the declarations:

L A (10, 10)

(5, 5, 5)

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

An array element or an array section has the INTENT, TARGET, or PARAMETER attribute if its
parent has the attribute, but it never has the POINTER attribute.

76


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

© ISO/IEC ISO/IEC 1539-1:1997(E)

NOTE 6.7

Examples of array elements and array sections are:
ARRAY A(1:N:2)%ARRAY B(I, J)%STRING(K) (:) array section
SCALAR PARENT%ARRAY_FIELD (J) array element
SCALAR_PARENT%ARRAY_FIELD(1:N) array section

SCALAR_PARENT%ARRAY FIELD(1:N)%SCALAR FIELD array section

6.2.2.1 Armay elements

The ipt within the bounds for that dimensio.

6.22.2 Array element order

The|elements of an array form a sequence known as the array element order, The positipn of an
arrdy element in this sequence is determined by the subscript order value)of the subs rript list
designating the element. The subscript order value is computed from the,formulas in Table 6.1.

Table 6.1 Subscript order value

. . Subseript
Rank Subscript Sub§cr1pt order
bounds list
value
1 j ik 5 1 057 - jp)
. . L+ (s -Jj1)
2 jiikyidpiky 515 52 +(sy- jp) X dy
. . . 1+ (s ‘.jl)
3 Jyikydptky jziky sy, S8 +(sz—-].2)><d1
+ (53— Jj3)Xd, Xd,;
1+ (s ~j1)
+(s2~12)x31 4
- . +(s3-J3) X dy xd,
7 Jrkyyte, jgikg Spsees 87 .
+ (57— J7) % d6
XdsX...xd;
Notes for Table 6.1:
1) d; = max (k; - j; + 1, 0) is the size of the i th dimension.
2) If the size of the array is nonzero, j; <s; < k; for all
i=12..,7

6.2.2.3, (Array sections

An | o bohi iomally followed | batsd

In an array-section having a section-subscript-list, each subscript-triplet and vector-subscript in the
section subscript list indicates a sequence of subscripts, which may be empty. Each subscript in
such a sequence shall be within the bounds for its dimension unless the sequence is empty. The
array section is the set of elements from the array determined by all possible subscript lists
obtainable from the single subscripts or sequences of subscripts specified by each section subscript.

In an array-section with no section-subscript-list, the rank and shape of the array is the rank and
shape of the part-ref with nonzero rank; otherwise, the rank of the array section is the number of
subscript triplets and vector subscripts in the section subscript list. The shape is the rank-one
array whose ith element is the number of integer values in the sequence indicated by the ith
subscript triplet or vector subscript. If any of these sequences is empty, the array section has size
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zero. The subscript order of the elements of an array section is that of the array data object that the
array section represents.

6.2.2.3.1 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
equivalept to a stride of 1.

When the stride is positive, the subscripts specified by a triplet form a regularly spaced sequence
of integgrs beginning with the first subscript and proceeding in increments of the’stride to|the
largest guch integer not greater than the second subscript; the sequence is empty if the first

For [example, suppose an array is declared as A (5,4,3). The‘section A (3:5,2,1:2) is fthe
arrgy of shape (3, 2):

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

When the stride is negative, the sequence begins ‘with the first subscript and proceeds in
increments of the stride down to the smallest stich integer equal to or greater than the second
subscriflt; the sequence is empty if the second subscript is greater than the first.

NOTE 6.9

For|example, if an array is declared)B (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), in that order.

NOTJE 6.10

A shbscript in a subscript triplet need not be within the declared bounds for that dimensiqn if
all Values used in selecting the array elements are within the declared bounds.

For| example, if an aﬁay is declared as B (10), the array section B (3:11:7) is the array of
shape (2) consisting of the elements B (3) and B (10), in that 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 iprmqion. Each element of the expression shall be defined. A many-one array sectign is
an array section with a vector subscript having two or more elements with the same value. A
many-one array section shall appear neither on the left of the equals in an assignment statement
nor as an input item in a READ statement.

An array section with a vector subscript shall not be argument associated with a dummy array that
is defined or redefined. An array section with a vector subscript shall not be the target in a pointer
assignment statement. An array section with a vector subscript shall not be an internal file.
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6.3

NOTE 6.11

For example, suppose Z is a two-dimensional array of 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
v

(/ 1, 3, 2 /)
(/ 2, 1, 1, 3 /)

Then Z (3, V) consists of elements from the third row of Z in the order:

z (3, 2) Z (3, 1) z (3, 1) z (3, 3)

7

(1, 2) zZ (3, 2) z(2, 2)
d Z (U, V) consists of the elements:

(1, 2) z (1, 1) z (1, 1) z (1, 3)
(3, 2) z (3, 1) z (3, 1) z (3, 3)
(2, 2) zZ (2, 1) z (2, 1) z (2, 3)

ecause Z (3, V) and Z (U, V) contain duplicate elements from Z, ‘the sections Z (3, ¥) and

N

(U, V) shall not be redefined as sections.

Dynamic association

Dynamic control over the creation, association, and dealldcation of pointer targets is provided by

the

ALLOCATE, NULLIFY, and DEALLOCATE statements and pointer assignment. ALLQCATE

(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

targefs. 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

6.3.1 ALLOCATE statement
The ALLOCATE statement'dynamically creates pointer targets and allocatable arrays.

ALLOCATABLE attribute.

NOTE 6.12
[I or detailed remarks regarding pointers and dynamic association see C.3.2.

R622( allocate-stmt is ALLOCATE ( allocation-list [ , STAT = stat-variable ] )
R623| stat-variable is scalar-int-variable
R624| allocation is allocate-object [ ( allocate-shape-spec-list ) |
R625| allogate-object is variable-name
or structure-component
R626  allocate-shape-spec is [ allocate-lower-bound : | allocate-upper-bound
R627  allocate-lower-bound is scalar-int-expr
R628  allocate-upper-bound is scalar-int-expr

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

Constraint:  The number of allocate-shape-specs in an allocate-shape-spec-list shall be the same as the

An

rank of the pointer or allocatable array.

allocate-object, or a subobject of an allocate-object, shall not appear in a bound in the same

ALLOCATE statement. The stat-variable shall not appear in a bound in the same ALLOCATE
statement.
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NOTE 6.13

An example of an ALLOCATE statement is:

ALLOCATE (X (N), B (=3 : M, 0:9), STAT = IERR_ALLOC)

The stat-variable shall not be allocated within the ALLOCATE statement in which it appears; nor
shall it depend on the value, bounds, allocation status, or association status of any allocate-object or

subobject of an allocate-object allocated in the same statement.

At the time an ALLOCATE statement is executed for an array, the values of the lower bound and

| A1} allocate-object may be of type character with zero character length.

If the PTAT= specifier is present, successful execution of the ALLOCATE statement cause
stat-vafiable to become defined with a value of zero. If an error,condition occurs durin
executjon of the ALLOCATE statement, the stat-variable becomes—-defined with a proce
dependent positive integer value and each allocate-object will havea processor-dependent si
each alfocate-object that was successfully allocated shall be currently allocated or be associated,

the
the
Ssor-
atus;
each

ST oI

allocaterobject that was not successfully allocated shall retdin its previous allocation statys or

pointef association status.

If an egror condition occurs during execution of an ALLOCATE statement that does not contain the

STAT=|specifier, execution of the program is terminated.

6.3.1.1 Allocation of allocatable arrays

An allpcatable array that has been allocated by an ALLOCATE statement and has not
subsequently deallocated (6.3.3) is currently allocated and is definable. Allocating a curr

allocatpd allocatable array causes.an”error condition in the ALLOCATE statement. Af

beginnjing of execution of a program, allocatable arrays have the allocation status of not curr
allocated and are not definable.) The ALLOCATED intrinsic function (13.14.9) may be usg
deternjine whether an allocatable array is currently allocated.

6.3.1.2 Allocation status

The allocation status*of an allocatable array is one of the following at any time during
executjon of a program:

(1) Netcurrently allocated. An allocatable array with this status shall not be referenc
defined; it may be allocated with the ALLOCATE statement. Deallocating it caus

been
ently
the
ently
ed to

r the

bd or
bs an

error condition in the DEALLOCATE statement. The ALLOCATED intrinsic re

urns

<FALSE. I0Y such an array.

(2) Currently allocated. An allocatable array with this status may be referenced, defined,
or deallocated; allocating it causes an error condition in the ALLOCATE statement.

The ALLOCATED intrinsic returns .TRUE. for such an array.

An allocatable array with the SAVE attribute has an initial status of not currently allocated. If the
array is allocated, its status changes to currently allocated. The status remains currently allocated

until the array is deallocated.

An allocatable array that does not have the SAVE attribute, that is a local variable of a procedure,
and that is not accessed by use or host association, has a status of not currently allocated at the
beginning of each invocation of the procedure. The status may change during execution of the
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procedure. If the array has a status of currently allocated when the procedure is exited by
execution of a RETURN or END statement, it is deallocated.

An allocatable array that does not have the SAVE attribute and that is accessed by use association
has an initial status of not currently allocated. The status may change during execution of the
program. If the array has an allocation status of currently allocated when execution of a RETURN
or END statement results in no scoping unit having access to the module, it is processor dependent
whether the allocation status remains currently allocated or the array is deallocated.

NOTE 6.15
The following example illustrates the effects of SAVE on allocation status.

MODULE MOD1
TYPE INITIALIZED TYPE
INTEGER :: I = 1 ! Default initialization
END TYPE INITIALIZED TYPE
SAVE :: SAVEDl, SAVED2
INTEGER :: SAVED1l, UNSAVED1l
TYPE (INITIALIZED_ TYPE) :: SAVED2, UNSAVED2
ALLOCATABLE :: SAVED1(:), SAVED2(:), UNSAVED1l(:), UNSAVED2 (:)
END MODULE MOD1l

PROGRAM MAIN
CALL SUB1 ! The values returned by the ALLOCATED intrinsic calls

! in the PRINT statement are: .

! .FALSE., .FALSE., .FALSE., and-/,FALSE.

! Module MOD1 is used, and its/ variables are allocated.

! After return from the subroutine, whether the variables
! which were not specified with the SAVE attribute

!

retain their allocation*status is processor dependent.

[CALL SUB1 ! The values returned by the first two ALLOCATED intrinsic
! calls in the PRINT \statement are:

! .TRUE., .TRUE.

! The values returned by the second two ALLOCATED

! intrinsic calls in the PRINT statement are

! processor -dependent and each could be either

!

-.TRUE. Oox\ iFALSE.

[CONTAINS
SUBROUTINE SUBI
USE MOD1 I"\Brings in saved and not saved variables.
PRINT *, ALLOCATED(SAVEDl), ALLOCATED(SAVED2), &

ALLOCATED (UNSAVED1) , ALLOCATED (UNSAVED2)

IF (.NOT. ALLOCATED (SAVEDl)) ALLOCATE(SAVED1(10))
IF ((.NOT. ALLOCATED(SAVED2)) ALLOCATE(SAVED2(10))
IF—~(.NOT. ALLOCATED (UNSAVED1) ) ALLOCATE (UNSAVED1(10))
IF) (.NOT. ALLOCATED(UNSAVED2)) ALLOCATE (UNSAVED2(10))
END SUBROUTINE SUB1l

END PROGRAM MAIN

6.3.1.3 Allocation of pointer targets

Following successful execution of an ALLOCATE statement for a pointer, the pointer is associated
with the target and may 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 pointer target or a part of the pointer target by pointer assignment. It is not an error to allocate
a pointer that is currently associated with a target. In this case, a new pointer target is created as
required by the attributes of the pointer and any array bounds specified in the ALLOCATE
statement. The pointer is then associated with this new target. Any previous association of the
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pointer with a target is broken. If the previous target had been created by allocation, it becomes
inaccessible unless it can still be referred to by other pointers that are currently associated with it.
The ASSOCIATED intrinsic function (13.14.13) may be used to determine whether a pointer is
currently associated.

At the beginning of execution of a function whose result is a pointer, the association status of the
result pointer is undefined. Before such a function returns, it shall either associate a target with
this pointer or cause the association status of this pointer to become defined as disassociated.

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

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

R630]  pointer-object is variable-name
or structure-component

Conbtraint:  Each pointer-object shall have the POINTER attribute.

A pbinter-object shall not depend on the value, bounds, or association. status of another |pointer-
objeqt, or subobject of another pointer-object, in the same NULLIFY statement.

6.3.3 DEALLOCATE statement

The| DEALLOCATE statement causes allocatable arrays/to be deallocated and it causes|pointer
targpts to be deallocated and the pointers to be disassociated.

R63|L  deallocate-stmt is DEALLOCATEY( allocate-object-list [ , STAT = stat-varjable | )
Conjstraint:  Each allocate-object shall be a pointer.or an allocatable array.

An pllocate-object shall not depend on the value, bounds, allocation status, or association gtatus of
another allocate-object or subobiject of another allocate-object in the same DEALLOCATE statement;
nor [shall it depend on the value of the stat-variable in the same DEALLOCATE statement.

Thel stat-variable shall not be deallocated within the same DEALLOCATE statement; nor shall it
depend on the value, bounds, allocation status, or association status of any allocate-gbject or
subpbject of an allocate-object.in-the same DEALLOCATE statement.

If the STAT= specifier is present, successful execution of the DEALLOCATE statement causes the
statlvariable to becometdefined with a value of zero. If an error condition occurs dufing the
exetution of the DEALLOCATE statement, the stat-variable becomes defined with a piocessor-
deplendent positive integer value and each allocate-object that was successfully deallocated shall be
not| currently allocated or shall be disassociated. Each allocate-object that was not sucgessfully
deallocated shall retain its previous allocation status or pointer association status.

NOTE®6.16

The status of objects that were not successfully deallocated can be individually checked with
the’ ATLTOCATED or ASSOCIATED intrinsic functions.

If an error condition occurs during execution of a DEALLOCATE statement that does not contain
the STAT= specifier, execution of the program is terminated.

NOTE 6.17
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 shall not be
deallocated through an associated pointer. Deallocating an allocatable array with the TARGET
attribute causes the pointer association status of any pointer associated with it to become
undefined.

When the execution of a procedure is terminated by execution of a RETURN or END statement, an
allocatable array that is a local variable of the procedure retains its allocation and definition status
if

(1) It has the SAVE attribute,

(2) It is accessed by use association, if the module defining the array is alsocaceesped by
another scoping unit that is currently in execution, or

(3) Itis accessed by host association.
Wher the execution of a procedure is terminated by execution of a RETURN ©r-END statemgent, an

allocqtable array that is a local variable of the procedure and is not included in the|above
categpries has allocation status as follows:

(1) If it is accessed by use association, its allocation status is.processor dependent.
(2) Otherwise, it is deallocated (as if by a DEALLOCATE statement).

NOTE 6.18
he ALLOCATED intrinsic function may be used t0- determine whether an array is still
urrently allocated or has been deallocated.

0O =

OTE 6.19
h the following example:

= Z

SUBROUTINE PROCESS
REAL, ALLOCATABLE :: TEMP(:)
REAL, ALLOCATABLE, SAVE :: X(X)

END SUBROUTINE PROCESS

dn return from subroutine PROCESS, the allocation status of X is preserved because X Has the
9AVE attribute. TEMP doeés not have the SAVE attribute, so it will be deallocated. ®n the
rlext invocation of PROCESS, TEMP will have an allocation status of not currently allocated.

6.3.3]2 Deadllocation-of pointer targets

If a [pointer appears in a DEALLOCATE statement, its association status shall be dgfined.
Deallpcating a-pointer that is disassociated or whose target was not created by an ALLOCATE
stateent causes an error condition in the DEALLOCATE statement. If a pointer is cufrently
assocfated with an allocatable array, the pointer shall not be deallocated.

ociated with the whole of an allocated target object shall|not be
deallocated. If a pointer is currently associated with a portion (2.4.3.1) of a target object that is
independent of any other portion of the target object, it shall not be deallocated. Deallocating a
pointer target causes the pointer association status of any other pointer that is associated with the
target or a portion of the target to become undefined.

When the execution of a procedure is terminated by execution of a RETURN or END statement, the
pointer association status of a pointer declared or accessed in the subprogram that defines the
procedure becomes undefined unless it is one of the following:

(1) A pointer with the SAVE attribute,
(2) A pointer in blank common,
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@)
(4)

(5)
(6)

A pointer in a named common block that appears in at least one other scoping unit
that is currently in execution,

A pointer declared in the scoping unit of a module if the module also is accessed by
another scoping unit that is currently in execution,

A pointer accessed by host association, or

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 association status (14.6.2.1) becomes undefined.
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Section 7: Expressions and assignment

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

7.1 Expressions

An expression represents either a data reference or a computation, and its value is eitier |a scalar
or ah array. An expression is formed from operands, operators, and parentheses.

NOTE 7.1
Simple forms of an operand are constants and variables, such as:

3.0
.FALSE.
A

B (I)

C (I:J)

An o¢perand is either a scalar or an array. An operation is either intrinsic (7.2) or defin¢d (7.3).
Morg complicated expressions can be formed using operands which are themselves expres$ions.
NOTE 7.2

Examples of intrinsic operators are:

+

*

<AND.

7.1.1 Form of an expression

Evalpation of an expréssion produces a value, which has a type, type parameters (if apprdpriate),
and p shape (7.1.4).

NOTE 7.3
FExamples of expressions are:

A-+ B

(A - B) *C

A ** B
C .AND. D
F // G

An expression is defined in terms of several categories: primary, level-1 expression, level-2
expression, level-3 expression, level-4 expression, and level-5 expression.

These categories are related to the different operator precedence levels and, in general, are defined
in terms of other categories. The simplest form of each expression category is a primary. The rules
given below specify the syntax of an expression. The semantics are specified in 7.2 and 7.3.
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7.1.1.1 Primary

R701

R702

Constraint:  subobject shall be a subobject designator whose parent is a constant.
A variable that is a primary shall not be a whole assumed-size array.

primary

constant-subobject

is
or
or
or
or
or
or

is

© ISO/IEC

constant
constant-subobject
variable
array-constructor
structure-constructor
function-reference

(expr)

subobject

NOTE74

Examples of a primary are:

(/ 1.0, 2.0 /)

F (X, Y)
(S + T)

PERSON (12, 'Jones'

Example Syntactic class
1.0 constant

' ABCDEFGHIJKLMNOPQRSTUVWXYZ' (I:I) constant-subobject
A variable

)

array-constructor
structuresconstructor
function-reference
(expr)

7.1.1.2| Level-1 expressions

Defined
primari

R703
R704

level-1-expr
defined-unary-op

is

is

unary operators have the highest operator precedence (Table 7.8). Level-1 expressiong are
ps optionally operated on by defined unary operators:

[ defined-unary-op ]| primary
o letter [ letter ] ... .

Constrdint: A defined-unary-op shall not contain more than 31 letters and shall not be the sanje as

NOTE 7.5

any intrinsic-operator or logical-literal-constant.

A

Example

_—

A
-INVERSE. B

Simple examples of a level-1 expression are:

Syntactic class
primary (R701)
level-1-expr (R703)

T_u__)re complicated example of a level-1 expression is:
+ B)

7.1.1.3 Level-2 expressions

Level-2 expressions are level-1 expressions optionally involving the numeric operators power-op,
mult-op, and add-op.

R705
R706
R707
R708

mult-operand
add-operand
level-2-expr

power-op

is
is
is

is

level-1-expr | power-op mult-operand ]
[ add-operand mult-op | mult-operand

[ [ level-2-expr ] add-op ] add-operand
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R709  mult-op is *
or /
R710  add-op is +
or -
NOTE 7.6
Simple examples of a level-2 expression are:
Example Syntactic class Remarks
A level-1-expr A is a primary. (R703)
B ** C mult-operand B1s a level-T-expr, ** 15 a power-op,, |
and C is a mult-operand. (R705)
D * E 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 - I level-2-expr F is a level-2-expr,, - is an add-op,
and I is an add-operand. (R707)
A more complicated example of a level-2 expression is:
-A+D*E+B*C

7.1.1{4 Level-3 expressions

Level-3 expressions are level-2 expressions optionallyinvolving the character operator concgt-op.

R711| level-3-expr is [ level-3-expr concat-op ] level-2-expr
R712| concat-op is //
NOTE 7.7
$imple examples of a level-3 expression are:
Example Syntactic class
A lebel—Z—expr (R707)
B // C level-3-expr (R711)
A more complicated-example of a level-3 expression is:
X // ¥ // 'ABCD'

7.1.1.5 Levelc4-expressions

Leve]-4 expressions are level-3 expressions optionally involving the relational operators rel-op.

R713  {Jevel-4-expr is [ level-3-expr rel-op ] level-3-expr

R714  rel-op 1S
or
or
or
or
or
or
or
or
or
or

“EQ.
.NE.
LT,

.LE.
.GT.
.GE.
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NOTE 7.8

or >=
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Example
A

B .EQ. C
D < E

Simple examples of a level-4 expression are:

Syntactic class

level-3-expr (R711)
level-4-expr (R713)
level-4-expr (R713)

A more complicated example of a level-4 expression is:

(A + B) .NE. C

7.1.1.6
Level-5

R715
R716
R717
R718
R719
R720
R721
R722

NQ

Level-5 expressions

expressions are level-4 expressions optionally involving the logical operatots not-op, and-op,
or-op, ahd equiv-op.

and-operand
or-operand
equiv-operand
level-5-expr
not-op

and-op

or-op
equiv-op

TE 7.9

is
is
is
is
is
is
is
is
or

[ not-op ] level-4-expr

[ or-operand and-op | and-operand

[ equiv-operand or-op ] or-operand

[ level-5-expr equiv-op | equiiv-operand
.NOT.

.AND.

.OR.

.EQV.
.NEQV,

Sin

Example
a

.NOT. B
C .AND. D
E .OR. F

G .EQV. H.\

S .NEQV.(T

hple examples of a level-5 expression are:

Syntactic class
level-4-expr (R713)
and-operand (R715)

" or-operand (R716)

equiv-operand (R717)
level-5-expr (R718)
level-5-expr (R718)

A‘LAND. B .EQV. .NOT. C

A more corﬁplicated example of a level-5 expression is:

7.1.1.7 General form of an expression

Expressions are level-5 expressions optionally involving defined binary operators. Defined binary
operators have the lowest operator precedence (Table 7.8).

R723

R724  defined-binary-op

Constraint:

88

expr

is [ expr defined-binary-op ] level-5-expr

is

. letter [ letter ] ... .

any intrinsic-operator or logical-literal-constant.

A defined-binary-op shall not contain more than 31 letters and shall not be the same as
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NOTE 7.10

Simple examples of an expression are:
Example Syntactic class
A level-5-expr (R718)
B.UNION.C expr (R723)

More complicated examples of an expression are:
(B .INTERSECT. C) .UNION. (X - Y)

A +B .EQ. C * D
-INVERSE. (A + B)
A+ B .AND. C * D

E // G .EQ. H (1:10)

7.1.2 Intrinsic operations

An iptrinsic operation is either an intrinsic unary operation or an_intrinsic binary operatipn. An
intripsic unary operation is an operation of the form intrinsic-operator x, where x, i§ of an
intripsic type (4.3) listed in Table 7.1 for the unary intrinsic operator.

An iptrinsic binary operation is an operation of the form x, ‘tntrinsic-operator x, where x, land x,
are qf the intrinsic types (4.3) listed in Table 7.1 for thedbinary intrinsic operator and are in shape
conf¢rmance (7.1.5).

Table 7.1 Type of operands and.results for intrinsic operators

Intrinsic operator Type of Type of Type of
op X1 X2 [x]op x,
Unary +, - LR Z LR Z
I LR Z LR Z
Binary +, —, *, /, %# R IR, Z R,R, Z
Z LR Z Z2,72,Z
// C C C
I LR Z L L L
= /= R LR Z L, L L
-EQyNE., ==, /= z LR Z LLL
C C L
I LR L L
.GT.,>.G>E_.,<.L"£._, .LE. R LR LL
o T 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 shall be the same.

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

89


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

ISO/IEC 1539-1:1997(E) ‘ ©ISO/IEC

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., .LT., .LE., ==, /=, >, >=, <, and <=), and logical intrinsic operator
(.AND., .OR., .NOT., .EQV., and .NEQW.), respectively. For the character intrinsic operator //,

the kind type parameters shall be the same.

A numéric relational intrinsic operation is a relational intrinsic operation where the operandg are
of numpric type. A character relational intrinsic operation is a relational intrinsic @©peration

where the operands are of type character and have the same kind type parameter value.

7.1.3 |Defined operations

A defined operation is either a defined unary operation or a defined binary- operation. A defined

unary gperation is an operation that has the form defined-unary-op x, cand that is defined

by a

function and a generic interface block (12.3.2.1) or that has the form intrinsic-operator x, wherg the

type of| x, is not that required for the unary intrinsic operation (712), and that is defined

function and a generic interface block.

by a

A defirled binary operation is an operation that has the form x, defined-binary-op x, and that is
defined| by a function and a generic interface block or that)has the form x, intrinsic-operatoy x,
where the types or ranks of either x; or x, or both are not those required for the intrinsic bipary

operatipn (7.1.2), and that is defined by a function and-a'generic interface block.
NQTE7.11

genmeric properties of the operator are extended.

An intrinsic operator may be used as the operator in a defined operation. In such a case

the

An extension operation is a defined operation in which the operator is of the form defined-una

y-op

or defiled-binary-op. Such an operator is called an extension operator. The operator used in an

extensipn operation may be such:that a generic interface for the operator may specify more

one function.

A definjed elemental operation is a defined operation for which the function is elemental (12.

than

7).

7.1.4 | Data type,.type parameters, and shape of an expression

The data type arid-shape of an expression depend on the operators and on the data types| and
shapes|of the primaries used in the expression, and are determined recursively from the synfactic
form of the expression. The data type of an expression is one of the intrinsic types (4.3)|or a
derived type (4.4).

R725 logical-expr is expr

Constraint: logical-expr shall be of type logical.

R726

char-expr is expr

Constraint:  char-expr shall be of type character.

R727

default-char-expr is expr

Constraint:  default-char-expr shall be of type default character.

R728

int-expr is expr

Constraint:  int-expr shall be of type integer.
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R729  numeric-expr is expr
Constraint:  numeric-expr shall be of type integer, real or complex.

An expression whose type is intrinsic has a kind type parameter. In addition, an expression of
type character has a character length 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
prim3 is—a—constan ariable,—arra onstructor,—s e—constructo inction—reference, or
parerjthesized expression. If a primary is a constant, its type, type parameters, and shape arg those
of the constant. If it is a structure constructor, it is scalar and its type is determined by the
constfuctor name. If it is an array constructor, its type, type parameters, and shape |are as
descrijbed in 4.5. If it is a variable or function reference, its type, type parameters, and shape are
those| of the variable (5.1.1, 5.1.2) or the function reference (12.4.2), respectively.’ In the case of a
functjon reference, the function may be generic (12.3.2.1, 13.11), in which)case its type, type
pararpeters, and shape are determined by the types, type parameters; and ranks of its|actual
arguinents.

If a primary is a parenthesized expression, its type, type parameters, and shape are those| of the
expregssion.

If a pointer appears as one of the following, the associated tatget object is referenced:
(1) A primary in an intrinsic or defined operation,

(2)  As the expr of a parenthesized primary, ot

(3)  As the only primary on the right-hand<side of an intrinsic assignment statement.
The type, type parameters, and shape of the primhary are those of the current target. If the pointer
is not associated with a target, it may appear as a primary only as an actual argument in a

reference to a procedure whose corresponding dummy argument is declared to be a pointe, or as
the target in a pointer assignment statement.

The ihtrinsic function NULL (13.14:79) returns a disassociated pointer. A disassociated poirter has
no shape but does have rank..(The data type, type parameters, and rank of the result|of the
intrirjsic function NULL whef it appears without an argument are determined by the poinfer that
becomnes associated with the result. See Table 7.2.

Table 7.2\ Type, type parameters, and rank of the result of NULL ()

Appearance of NULL () Type, type parameters, and rank of result:
right side’of-a pointer assignment pointer on the left side

initialization for an object in a declaration |the object

default initialization for a component the component

in(a structure constructor the corresponding component

as an actual argument the corresponding dummy argument

in a DATA statement the corresponding pointer object

The optional argument of the intrinsic function NULL shall be present when a reference to the
intrinsic function appears as an actual argument in a reference to a generic procedure if the type,
type parameters, or rank is required to resolve the generic reference.
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NOTE 7.12

For example:

INTERFACE GEN
SUBROUTINE S1 (J, PI)
INTEGER J
INTEGER, POINTER :: PI
END SUBROUTINE S1
SUBROUTINE S2 (K, PR)
INTEGER K
———REAL—POINTER—+—PR
END SUBROUTINE S2
END INTERFACE
REAL, POINTER :: REAL_PTR
CALL GEN (7, NULL (REAL_PTR) ) ! Invokes S2

7.1.4.2

The tyy
result

The sh
and is

An exp
has a

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

e of the result of an intrinsic operation [x, ] op x, is specified by Table 7.1. The type qf the
f a defined operation [x,] op x, is specified by the function defining the operation (73).

ape of the result of an intrinsic operation is the shape of x, if\op is unary or if x, is sfalar,
the shape of x; otherwise.

ression of an intrinsic type has a kind type parameter, An expression of type character also
character length parameter. For an expression x; Y/ x, where x; and x, are of|type

charactEr, the character length parameter is the sum of ‘the lengths of the operands and the|kind

type p
params

type i

rameter is the kind type parameter of x,, which shall be the same as the kind |type
ter of x,. For an expression op x, where op is an intrinsic unary operator and x, [is of
teger, real, complex, or logical, the kind type parameter of the expression is that gf the

operanﬁ. For an expression x;, op x, where op is a numeric intrinsic binary operator with one

operan
express
numer}
or with

of type integer and the other of type real or complex, the kind type parameter of the
ion is that of the real or complex: operand. For an expression x; op x, where oy is a
c intrinsic binary operator with both operands of the same type and kind type parameters,
one real and one complex with the same kind type parameters, the kind type parameter of

the exj
with
oper

the same decimal exponént range. In the case where both operands are any of type real or cogl;plex

with

operan|
same d
with bq
identic
differer

ression is identical to that.of each operand. In the case where both operands are integer
ifferent kind type parameters, the kind type parameter of the expression is that of the
with the greater decimal exponent range or is processor dependent if the operands fhave

ifferent kind typé parameters, the kind type parameter of the expression is that of the
d with the greater decimal precision or is processor dependent if the operands havg the
ecimal précision. For an expression x; op x, where op is a logical intrinsic binary operator
pth operands of the same kind type parameter, the kind type parameter of the expression is
nl to that of each operand. In the case where both operands are of type logical |with
it kind type parameters, the kind type parameter of the expression is processor depenfent.

For an
logical

7.1.5

1 2 y fault
kind type parameter.

Conformability rules for elemental operations

An elemental operation is an intrinsic operation or a defined elemental operation. Two entities are
in shape conformance if both are arrays of the same shape, or one or both are scalars.

For all

elemental binary operations, the two operands shall be in shape conformance. In the case

where 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.
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7.1.6 Scalar and array expressions

An expression is either a scalar expression or an array expression.

NOTE 7.13
The following is an example of a scalar expression:

Q + 2.3 * R
where Q and R are scalars.
The following is an example of an array expression:
—A— (30— B—(2+311)

where A and B are arrays.

7.1.6.1 Constant expression

A cgnstant expression is an expression in which each operation is intrinsicand each primary is
(1) A constant or subobject of a constant,

(2)  An array constructor where each element and the bounds and strides of each implied-
DO are expressions whose primaries are constant expressions,

(3) A structure constructor where each component is a Constant expression,

(4) An elemental intrinsic function reference where each argument is a ¢onstant
expression,

(5) A transformational intrinsic function refetrence where each argument is a ¢onstant
expression,

(6) A reference to the transformational intrinsic function NULL,
(7) A reference to an intrinsic function hat is
(a) an array inquiry function(13.11.15) other than ALLOCATED,
(b) the bit inquiry functiorBIT_SIZE,
(c)  the character inquiry function LEN,
(d) the kind inquiry function KIND, or
(e) anumeric inquiry function (13.11.8)
and where each argument of the function is
(a) a conmstant expression or
(b) ayariable whose type parameters or bounds inquired about are not
(i) assumed,

(ii)) defined by an expression that is not a constant expression, or

(iii) definable by an ALLOCATE or pointer assignment statement,
(8) An implied-DO variable within an array constructor where the bounds and strides of

the corresponding implied-DO are constant expressions, or

(9) A constant expression enclosed in parentheses,

and where each subscript, section subscript, substring starting point, and substring ending point is
a constant expression.

A character constant expression is a constant expression whose type is character. An integer
constant expression is a constant expression whose type is integer. A logical constant expression
is a constant expression whose type is logical. A numeric constant expression is a constant
expression whose type is integer, real, or complex.
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An initialization expression is a constant expression in which the exponentiation operation is
permitted only with an integer power, and each primary is

(1) A constant or subobject of a constant,
(2) An array constructor where each element and the bounds and strides of each implied-
DO are expressions whose primaries are initialization expressions,
(3) A structure constructor where each component is an initialization expression,
(4) An elemental intrinsic function reference of type integer or character where each
argument is an initialization expression of type integer or character,
(50—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 the transformational intrinsic function NULL,
() A reference to an intrinsic function that is
(@) an array inquiry function (13.11.15) other than ALLOCATED,
(b) the bit inquiry function BIT_SIZE,
(c) the character inquiry function LEN,
(d) the kind inquiry function KIND, or
(e) anumeric inquiry function (13.11.8)
and where each argument of the function is
(a) an initialization expression or
(b) avariable whose properties inquired about are not
(i) assumed,
(ii) defined by an expressionrthat is not an initialization expression, or
(iii) definable by an ALLOCATE or pointer assignment statement,
(8) An implied-DO variable within an array constructor where the bounds and stridgs of
the corresponding implied=DO are initialization expressions, or
(9) An initialization expression enclosed in parentheses,
and wHere each subscript, sectién subscript, substring starting point, and substring ending point is
an initiplization expression.
R730 |initialization-expr is expr
Constraint:  initialization-expr shall be an initialization expression.
R731 | char-initiglization-expr is char-expr
Constraint: _char-initialization-expr shall be an initialization expression.
R732 |int;initialization-expr is int-expr

Constraint—int-initislization-expr-shall- be-an-initialization-expression

R733  logical-initialization-expr ~ is logical-expr

Constraint:

logical-initialization-expr shall be an initialization expression.

If an initialization expression includes a reference to an inquiry function for a type parameter or an
array bound of an object specified in the same specification-part, the type parameter or array bound
shall be specified in a prior specification of the specification-part. The prior specification may be to
the left of the inquiry function in the same statement.
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NOTE 7.14

The following are examples of constant expressions:

3

-3 + 4
IABI
'‘AB' // 'CD!’

('aB*' // 'CD') // 'EF’

SIZE (A)
DIGITS (X) + 4

vhere A is an explicit-shaped array with constant bounds and X is of type default real

'he following are examples of constant expressions that are not initialization’' expressiops:
ABS (9.0) ! Not an integer ifgument
3.0 ** 2.0 ! Not an integer power

poT_PRODUCT ( (/ 2, 3 /), (/ 1, 7 /) ) ! Not an (allowed function

7.1.6

speci
spec

R734

A re

)
2

®3)
(4)
)

(6)
@)

2 Specification expression

specification-expr is scalar-int-expr
Conjtraint:

ications such as character lengths (R510) and/array bounds (R515, R516). A constant

A sEciﬁcation expression is an expression with limitations that make it suitable for|use in
ication expression is a specification expressionthat is also a constant expression.

The scalar-int-expr shall be a restricted expression.

tricted expression is an expression in ' which each operation is intrinsic and each primary is

A constant or subobject of a~constant,

A variable that is a_dummy argument that has neither the OPTIONAL nor the
INTENT (OUT) attribute, or a variable that is a subobject of such a dummy argygiment,

A variable that is(in‘a common block or a variable that is a subobject of a variable in a
common block,

A variable/that is made accessible by use association or host association or a variable
that is a Subobject of such a variable,

An array constructor where each element and the bounds and strides of each implied-
DO are expressions whose primaries are restricted expressions,

Asstructure constructor where each component is a restricted expression,
A reference to an intrinsic function that is
(a) __an array inquiry function (13.11.15) other than ALLOCATED,

(b) the bit inquiry function BIT_SIZE,

(c) the character inquiry function LEN,
(d) the kind inquiry function KIND, or
(¢) anumeric inquiry function (13.11.8)
and where each argument of the function is
(a) arestricted expression or

(b) a variable whose properties inquired about are not
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(i) dependent on the upper bound of the last dimension of an assumed-size

array,
(i) defined by an expression that is not a restricted expression, or

(iii) definable by an ALLOCATE or pointer assignment statement,

(8) A reference to any other intrinsic function defined in this standard where
argument is a restricted expression,

each

(9) A reference to a specification function where each argument is a restricted expression,

(10) An implied-DO variable within an array constructor where the bounds and strides of

(L1) A restricted expression enclosed in parentheses,

and where any subscript, section subscript, substring starting point, or substring ending poirjt is a

restricted expression.

A fungtion is a specification function if it is a pure function, is not an intrinsic_function, is not an
interngl function, is not a statement function, does not have a dummy procedure’argument, and s not

defined with the RECURSIVE keyword.
NOTE 7.15

Specification functions are nonintrinsic functions that may 'be used in specific

expressions to determine the attributes of data objects. The requirement that they be

infuire, via host association, about other objects being declared in the same specification
Some requirement against direct recursion is necessary: since specification expressions

regursive specification functions.

ensures that they cannot have side effects that could affect-other objects being declared in the
same specification-part. The requirement that they not(be internal ensures that they cgnnot

be evaluated before the first executable statement; there would be no way to break sych a
recursion. Indirect recursion in specification functions appears to be possible but difficylt to
infplement, and of little value to the user and so there is a general prohibition against

htion
pure

part.
must

A varigble in a specification expression shall have its type and type parameters, if any, specifi

ed by

a prevjous declaration in the same seéping unit, or by the implicit typing rules in effect fqr the
scoping unit, or by host or use assotiation. If a variable in a specification expression is typed by

the implicit typing rules, its appearance in any subsequent type declaration statement
confir the implied type and type parameters.

If a spgcification expressioniincludes a reference to an inquiry function for a type parameter
array bound of an entity.specified in the same specification-part, the type parameter or array b
shall be specified inqa prior specification of the specification-part. The prior specification may
the left of the inquiry function reference in the same statement. If a specification expre
includes a reference to the value of an element of an array specified in the same specification
the array shall:be completely specified in prior declarations.

shall

or an
ound
be to
ssion
-part,

LBOUND (B, 1) + 5 ! B is an assumed-shape dummy array
M + LEN (C) ! M and C are dummy arguments

2 * PRECISION (A) | A is a real variable made accessible

1 by a USE statement

7.1.7 Evaluation of operations

This section applies to both intrinsic and defined operations.
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Any variable or function reference used as an operand in an expression shall be defined at the time
the reference is executed. If the operand is a pointer, it shall be associated with a target object that
is defined. All of the characters in a character data object reference shall be defined.

When a reference to an array or an array section is made, all of the selected elements shall be
defined. When a structure is referenced, all of the components shall be defined.

The execution of any numeric operation whose result is not defined by the arithmetic used by the
processor is prohibited. Raising a negative-valued primary of type real to a real power is
prohibited.

'v: -3;’; o) SR eETon ererence—Ssna TeITITE 0 e C % C a a

othefr entity within the statement. If a function reference causes definition or undefinitign of an
actupl argument of the function, that argument or any associated entities shallmot|appear
elseyhere in the same statement. However, execution of a function reference in the logical
expression in an IF statement (8.1.2.4), the mask expression in a WHERE statement (7.5.3.1), or the
subgcripts and strides in a FORALL statement (7.5.4) is permitted to define variableq in the
statgment that is conditionally executed.

NOTE 7.17
For example, the statements

A

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

are prohibited if the reference to F defines or undéfines I or the reference to G defines or
undefines X. .

However, in the statements
IF (F (X)) A =X
WHERE (G (X)) B = X

F or G may define X.

The ftype of an expression in which’a‘function reference appears does not affect, and is not pffected
by, the evaluation of the actual arguments of the function.

Exedution 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 affect, and is not affected by, the
evalpation of its subseripts. Execution of an array section reference requires the evaluatign of its
section subscripts. (The type of an expression in which an array section appears does not affect,
and [is not affected. by, the evaluation of the array section subscripts. Execution of a sybstring
refefence requites'the evaluation of its substring expressions. The type of an expression in which
a sybstring (appears does not affect, and is not affected by, the evaluation of the sybstring
expressions, It is not necessary for a processor to evaluate any subscript expressions or sybstring
expressions for an array of zero size or a character entity of zero length.

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

When an elemental binary operation is applied to a scalar and an array or to two arrays of the
same shape, the operation is performed element-by-element on corresponding array elements of
the array operands. The processor may perform the element-by-element operations in any order.

97


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

ISO/IEC 1539-1:1997(E) © ISO/IEC

NOTE 7.18

For example, the array expression

A+ B

produces an array the same shape as A and B. The individual array elements of the result
have the values of the first element of A added to the first element of B, the second element of
A added to the second element of B, etc.

When an elemental unary operator operates on an array operand, the operation is performed

element b] element—in Y order—and-the result-is the same chapn as the npprnnr]

7.1.7.1 | Evaluation of operands

It is not|necessary for a processor to evaluate all of the operands of an expression, or_to evalpate

entirely feach operand, if the value of the expression can be determined otherwise.

NOTE 7.19

Thi$ principle is most often applicable to logical expressions, zero-sized arrays, and z¢ro-
length strings, but it applies to all expressions.

For|example, in evaluating the expression

K > Y .OR. L (2)

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-afray expression

W (Z2) + X

where X is of size zero and W is a functionithe function reference W (Z) need not be
evalluated.

If a stattment contains a function reference in'a part of an expression that need not be evalugted,
all entitjes that would have become definedirl the execution of that reference become undefingd at

the comjpletion of evaluation of the expression containing the function reference.

7.1.7.2| Integrity of parentheses

lIn the preceding examples, evaluation of these expressions causes Z to become undefined fif L
or |

NO['E 7.20

NV defines its argument,

The seqtions that follow state certain conditions under which a processor may evaluat¢ an
expressjon that is different from the one specified by applying the rules given in 7.1.1, 7.2, and 7.3.

However, any eXpression in parentheses shall be treated as a data entity.

NOTE 7:21

Forl example, in evaluating the expression A + (B - C) where A, B, and C are of numeric types,
differe B nd h he Ya O ne diti 1 1 'the

processor shall not evaluate the mathematically equivalent expression (A + B) - C.

7.1.7.3 Evaluation of numeric intrinsic operations

The rules given in 7.2.1 specify the interpretation of a numeric intrinsic operation. Once the
interpretation has been established in accordance with those rules, the processor may evaluate any
mathematically equivalent expression, provided that the integrity of parentheses is not violated.

Two expressions of a numeric type are mathematically equivalent if, for all possible values of their
primaries, their mathematical values are equal. However, mathematically equivalent expressions
of numeric type may produce different computational results.
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NOTE 7.22

Any difference between the values of the expressions (1./3.)*3. and 1. is a computational
difference, not a mathematical difference.

The mathematical definition of integer division is given in 7.2.1.1.

NOTE 7.23

The difference between the values of the expressions 5/2 and 5./2. is a mathematical
difference, not a computational difference.

NOTE 7.24

The following are examples of expressions with allowable alternative forms that may; be used
Hy the processor in the evaluation of those expressions. A, B, and C represent arbitrary [real or
g

omplex operands; I and J represent arbitrary integer operands; and X, Y, and Z represent
arbitrary operands of numeric type.

Expression Allowable alternative form

X + Y Y + X

X * ¥ Y * X

-X + Y Y - X

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

X - Y + 2 X - (Y - 2)

X *A/ z X * (A / 2)

X *Y-X*2 X * (Y - 2)

A/B/C A/ (B *C)

A/ 5.0 0.2 * A
The following are examples of expressions with forbidden alternative forms that shall not be
ysed by a processor in the evaluation of\those expressions.

Expression Nonallowable alternative form

I/ 2 0.5, * I

X*I/J X * (x /7 J)

I/ J3/ A I/ (J * A)

(X + YY) + 2 X + (Y + 2)

(X * ¥) - (X*'2) X * (Y - 2)

X * (Y - 2) X *Y - X * 2z

In addition to the parentheses required to establish the desired interpretation, parentheses nay be
included to réstrict the alternative forms that may be used by the processor in the actual evalluation
of the¢ expréssion. This is useful for controlling the magnitude and accuracy of intermediate| values
developed-during the evaluation of an expression.

Ials s sl N.Y-
INOTLE 7520

For example, in the expression

A+ (B - C)
the parenthesized expression (B — C) shall be evaluated and then added to A.

The inclusion of parentheses may change the mathematical value of an expression. For
example, the two expressions

A*I/J

A* (I / J)

may have different mathematical values if I and ] are of type integer.
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Each operand in a numeric intrinsic operation has a data type that may depend on the orde
evaluation used by the processor.

NOTE 7.26

EC

r of

For example, in the evaluation of the expression

Z + R+ I

which pair of operands (Z and R, R and I, or Z and I) is added first.

where Z, R, and I represent data objects of complex, real, and integer data type, respectively,
the data type of the operand that is added to I may be either complex or real, depending on

7.1.7.4| Evaluation of the character intrinsic operation

The rules given in 7.2.2 specify the interpretation of the character intrinsic operation. Al proce
is only| required to evaluate as much of the character intrinsic operation as is required by

context| in which the expression appears.
NQTE 7.27

ssor
the

For example, the statements
CHARACTER (LEN = 2) Cl, C2, C3, CF
Cl = C2 // CF (C3)

determine the value of C1 because C1 and C2 both have a length of 2.

do| not require the function CF to be evaluated, because only-the value of C2 is needed to

7.1.7.5| Evaluation of relational intrinsic operations

The rulles given in 7.2.3 specify the interpretation, of-relational intrinsic operations. Onc¢ the
interpretation of an expression has been established in accordance with those rules, the procgssor
may evaluate any other expression that is relationally equivalent, provided that the integrity of

parentheses in any expression is not violated.
NQOTE 7.28

For example, the processor may choose to evaluate the expression
I .GT. J
where I and ] are integer vatiables, as

Jg - I .LT. O

Two relational intrinsi¢ operations are relationally equivalent if their logical values are equal f
possible values of their primaries.

7.1.7.6| Evaluation of logical intrinsic operations

The rules given in 7.2.4 specify the interpretation of logical intrinsic operations. Oncg
interpretation of an expression has been established in accordance with those rules, the proc

br all

the
PSSOT

may evaluate any other expression that is logically equivalent, provided that the integri
parentheses in any expression is not violated.

NOTE 7.29

ty of

evaluate the expression
L1 .AND. L2 .AND. L3
as

L1 .AND. (L2 .AND. L3)

For example, for the variables L1, L2, and L3 of type logical, the processor may choose to
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Two expressions of type logical are logically equivalent if their values are equal for all possible
values of their primaries.

7.1.7.7 Evaluation of a defined operation

The rules given in 7.3 specify the interpretation of a defined operation. Once the interpretation of
an expression has been established in accordance with those rules, the processor may evaluate any
other expression that is equivalent, provided that the integrity of parentheses is not violated.

Two expressions of derived type are equivalent if their values are equal for all possible values of
their primaries.

7.2| Interpretation of intrinsic operations

The [intrinsic operations are those defined in 7.1.2. These operations are divided into the fqllowing
categories: numeric, character, relational, and logical. The interpretations defined in the fdllowing
sectjons apply to both scalars and arrays; the interpretation for arrays is obtained by applying the
interpretation for scalars element by element.

The [type, type parameters, and interpretation of an expression that cenisists of an intrinsic ynary or
binary operation are independent of the context in which the expréssion appears. In particfilar, the
typg, type parameters, and interpretation of such an expression’are independent of the type and
typg parameters of any other larger expression in which it appears.

NOTE 7.30

or example, if X is of type real, J is of type integer, and INT is the real-to-integer ihtrinsic
onversion function, the expression INT (X + J). is an integer expression and X +] i3 a real
Xpression.

7.2.1 Numeric intrinsic operations

A nyumeric operation is used to express a@umeric computation. Evaluation of a numeric operation
produces a numeric value. The permitted data types for operands of the numeric intrinsic
opetations are specified in 7.1.2.

The [numeric operators and theirinterpretation in an expression are given in Table 7.3, where X
dengtes the operand to the ‘left of the operator and x, denotes the operand to the right of the

operator.
Table'7.3 Interpretation of the numeric intrinsic operators
@perator Representing og:fa?(ﬁr Interpretation
*E Exponentiation x1**xp Raise x; to the power x,
Division x1 / x,  Divide x; by x,

* Multiplication x1*xp  Multiply x; by x,

- oubtraction X1 - X subtract x, from x,

- Negation - Xy Negate x,

+ Addition ¥1+x Add x; and x,

+ Identity + X Same as x,

The interpretation of a division depends on the data types of the operands (7.2.1.1).

If x; and x, are of type integer and x, has a negative value, the interpretation of x; ** x, is the
same as the interpretation of 1/(x; ** ABS (x,)), which is subject to the rules of integer division
(7.2.1.1).
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NOTE 7.31
|For example, 2 ** (=3) has the value of 1/(2 ** 3), which is zero. J

7.2.1.1 Integer division

One operand of type integer may be divided by another operand of type integer. Although the
mathematical quotient of two integers is not necessarily an integer, Table 7.1 specifies that an
expression involving the division operator with two operands of type integer is interpreted as an
expression of type integer. The result of such an operation is the integer closest to the
mathemeaties otient-and-b cen-—zaro-and-the mathemati auotient in e

NOTE 7.32

[For example, the expression (-8) / 3 has the value (-2).

7.2.1.2 | Complex exponentiation

In the cgse of a complex value raised to a complex power, the value of the operation x; ** x, is the

principgl value of x)2.

7.2.2 |Character intrinsic operation

The chafracter intrinsic operator // is used to concatenate two opérands of type character with the
same kind type parameter. Evaluation of the character intrinsic operation produces a result of fype
character.

The int¢rpretation of the character intrinsic operator // when used to form an expression is gfven
in Tablg 7.4, where x,; denotes the operand to the left'of the operator and x, denotes the opetand
to the rijght of the operator.

Table 7.4 Interpretation of the character intrinsic operator //

‘ . Use of .
Operator = Representing operator Interpretation
// Concatenation x; // x, Concatenate x, with x,

The result of the character intrinsic operation // is a character string whose value is the valye of
x, condatenated on the rightiwith 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
charactgr expression.

NOTE 7.33
Fot example; the value of (AB' // 'CDE) //'F is the string 'ABCDEF'. Also, the valye of
‘AB' // (E€EBE' // 'F) is the string 'ABCDEF'.

7.2.3 | Relational intrinsic operations

A relational intrinsic operation 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 7.34

As shown in Table 7.1, a relational intrinsic operator cannot 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 cannot be compared, a complex operand may be compared with another numeric
operand only when the operator is .EQ., .NE., ==, or /=, and two character operands cannot
be compared unless they have the same kind type parameter value.
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Evaluation of a relational intrinsic operation produces a result of type default logical.

The interpretation of the relational intrinsic operators is given in Table 7.5, where x, denotes the
operand to the left of the operator and x, denotes the operand to the right of the operator. The
operators <, <=, >, >=, ==, and /= always have the same interpretations as the operators .LT.,
.LE., .GT., .GE., .EQ., and .NE., respectively.

Table 7.5 Interpretation of the relational intrinsic operators

Operator Representing og:fai’cir Interpretation
-ET: tesstiam *1 ~ET E) *7 tess—than x5
< Less than x; < x, x, less than x,
.LE. Less than or equal to x; .LE. x,  x; less than or equal to’x,
<= Less than or equal to x| <= x, x; less than or equal to x,
.GT. Greater than x; .GT. x,  x, greater thamx,
> Greater than x| > x, x, greater than x,
.GE. Greater than or equal to x; .GE. x, x; greatef than or equal to %,
>= Greater than or equal to x| >= x, x, greater than or equal to f,
.EQ. Equal to x; .EQ. x, x; equalto x,
== Equal to X, ==X, x,-equal to x,
.NE. Not equal to x; .NE. x, OX; notequal to x,
/= Not equal to Xy /=% x; not equal to x,

A nymeric relational intrinsic operation is interpretéd.as having the logical value true if thg values
of the operands satisfy the relation specified by.the operator. A numeric relational intrinsic
operption is interpreted as having the logical valte false if the values of the operands do nof satisfy
the gelation specified by the operator.

In the numeric relational operation
¥, rel-op 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 evaluation.

A cHaracter relational intrinsic operation is interpreted as having the logical value true if the values
of tﬂ\e operands satisfy, the relation specified by the operator. A character relational intrinsic
opetlation is interpreted as having the logical value false if the values of the operands do nof satisfy
the gelation specified by the operator.

For h character elational intrinsic operation, the operands are compared one character at altime in
orddr, beginning with the first character of each character operand. If the operands are of
length, the shorter operand is treated as if it were extended on the right with blanks to th¢ length
of tHeloriger operand. If both x; and x, are of zero length, x; is equal to x,; if every character of
x, is the same as € COITespo 27 X1 2"
at the first position where 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 7.35
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.

For nondefault character types, the blank padding character is processor dependent.
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7.2.4 Logical intrinsic operations

A logical operation is used to express a logical computation. Evaluation of a logical operation
produces a result of type logical. The permitted data types for operands of the logical intrinsic
operations are specified in 7.1.2.

The logical operators and their interpretation when used to form an expression are given in Table
7.6, where x; denotes the operand to the left of the operator and x, denotes the operand to the
right of the operator.

Table 7.6 Interpretation of the logical intrinsic operators

Operator Representing Use of operator  Interpretation

NOT. Logical negation -NOT. x, True if x, is false

.AIND.  Logical conjunction x; +AND. x, True if x; and x, are both true
Logical inclusive . )

.OR. Disjunction x; +OR. x, True if x; and/or & js true

True if either x{\or x, is true,
but not both

True if botk x; and x, are true
or both are false

-NEQV.  Logical non-equivalence  x; .NEQV. x,

-EQV. Logical equivalence x, EQV. x,

The values of the logical intrinsic operations are shown in Table 7.7.

Table 7.7 The values of operations involving logical intrinsic operators

) ¥ NOT. x, x; .AND. x, x; .OR{x;, x; .EQV. x, x; .NEQV.x,
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 I\terpretation of defined operations

The interpretation of a defined operation is provided by the function that defines the operation.
The type, type parameters, and interpretation of an expression that consists of a defined opergtion
are independent of the type and type parameters of any larger expression in which it appears. | The
operatqrs <, <=, >, >=, #£=\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 défines 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-durmmsz araumaen
P Re-atHRRyargument—y;

(2) An_interface block (12.3.2.1) provides the function with a generic-spec of
OPERATOR (op),

(3) The type of x, is the same as the type of dummy argument d,,,
yp 2 typ y arg 2
(4)  The type parameters, if any, of x, match those of d,, and
(5) Either
(a) The function is elemental or
(b)  The rank of x,, and its shape if it is an array, match those of d,.

104


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

©ISO/IEC ISO/IEC 1539-1:1

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,,

997(E)

(2) An interface block (12.3.2.1) provides the function with a generic-spec  of

OPERATOR (op),

(3)  The types of x; and x, are the same as those of the dummy arguments d; and d,,

respectively,

7.4

Thern
7.1.1

{4)—TFhe-type-parameters;if-ary, of x—ard—x; Tmatch those of d, and d,, Tespective
(5) Either

(a)  The function is elemental and x; and x, are conformable or

(b)  The ranks of x; and x,, and their shapes if either or both are arrays, mat

of d; and d,, respectively.
Precedence of operators

e is a precedence among the intrinsic and extension operations-implied by the general
which determines the order in which the operands are combineéd, unless the order is d

by the use of parentheses. This precedence order is summarized in Table 7.8.

The |

Table 7.8 Categories of operations and relative precedence

Categor.y of Operators Precedence
operation
Extension defined-unary-op Highest
Numeric T
Numeric *or /
Numeric unary + or —
Numeric binary + or —
Character //
Relational ~ *EQ-, I\iE=,,/:T<,, <I;:]?>,’>G="I', .GE.,
Logical NOT.
Logical .AND.
Logical .OR.
Logical .EQWV. or .NEQV. .
Extension defined-binary-op Lowest

precedence of a defined operation is that of its operator.

ly, and

h those

form in
hanged

N

IOTE 7.36

For example, in the expression

-A ** 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.

NOTE 7.37

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 *x combine level-1-expr operands, each level-1-expr is combined from
right to left.

For|example, the expressions
2.1 + 3.4 + 4.9

2.1 * 3.4 * 4.9

2.1/ 3.4/ 4.9

2 *% 3 k% 4

'AB' // 'CD' // ‘'EF'
have the same interpretations as the expressions
(2.1 + 3.4) + 4.9

(2.1 * 3.4) * 4.9

(2.1 /7 3.4) / 4.9

2 **x (3 ** 4)

(*aB' // 'CD') // 'EF’

Asl|a consequence of the general form (7;1.1), only the first add-operand of a level-2-expr may be
preéceded by the identity (+) or negation (-) operator. These formation rules do not permit
expressions containing two consecutive numeric operators, such as A **-B or A +-B.
Hdwever, expressions such as ‘A ** (-B) and A + (-B) are permitted. The rules do allgw a
birjary operator or an intrinsi¢-uinary operator to be followed by a defined unary opemator,
such as:

A * .INVERSE. B

- .INVERSE. (B)

Ag another example, in the expression
A .OR.-BC.AND. C

th¢ geperal form implies a higher precedence for the .AND. operator than for the {OR.
oplerator; therefore, the interpretation of the above expression is the same as the interpretation
of |the“expression r

A .OR. (B .AND. C)

NOTE 7.38
An expression may contain more than one category of operator. The logical expression

L .OR. A + B >=C

where A, B, and C are of type real, and L is of type logical, contains a numeric operator, a
relational operator, and a logical operator. This expression would be interpreted the same as
the expression

L .OR. ((A + B) >= C)
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NOTE 7.38 (Continued)
For example, if

(1) The operator ** is extended to type logical,

(2) The operator .STARSTAR. is defined to duplicate the function of ** on type real,
(3) .MINUS. is defined to duplicate the unary operator —, and

(4) L1 and L2 are type logical and X and Y are type real,

then in precedence: L1 ** L2 is higher than X * Y; X * Y is higher than X .STARSTAR. Y; and
MINUS. X is higher than -X.

7.5 | Assignment

Execfition of an assignment statement causes a variable to become defined or redefinied: 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 2 WHERE stgtement
or WHERE construct masks the evaluation of expressions and assignment-of values ih array
assignment statements according to the value of a logical array expression. Executign of a
FORALL statement or FORALL construct controls the assignment to elements of arrays by jusing a
set of index variables and a mask expression.

7.5.1 Assignment statement

A variable may be defined or redefined by execution of ar assignment statement.

7.5.1.1 General form
R735  assignment-stmt is wvariable = expr
whete variable is defined in R601 and expr is defined in R723.

Congtraint: A variable in an assignment-stint shall not be a whole assumed-size array.

INOTE 7.39
Fxamples of an assignment statément are:

A
I

3.5 +X*Y
INT (A)

An gssignment statement.is either intrinsic or defined.

7.5.1.2 Intrinsic assignment statement

An intrinsic agsignment statement is an assignment statement where the shapes of varigble and
expr|conform.and where

(1) )'The types of variable and expr are intrinsic, as specified in Table 7.9 for assignment, or

(2" The types of variable and expr are of the same derived type and no defined assignment
exists for objects of this type.

A numeric intrinsic assignment statement is an intrinsic assignment statement for which variable
and expr are of numeric type. A character intrinsic assignment statement is an intrinsic
assignment statement for which variable and expr are of type character and have the same kind type
parameter. A logical intrinsic assignment statement is an intrinsic assignment statement for
which variable and expr are of type logical. A derived-type intrinsic assignment statement is an
intrinsic assignment statement for which wvariable and expr are of the same derived type, and there
is no accessible interface block with an ASSIGNMENT (=) specifier for objects of this derived type.

An array intrinsic assignment statement is an intrinsic assignment statement for which variable is
an array. The variable shall not be a many-one array section (6.2.2.3.2).
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Table 7.9 Type conformance for the intrinsic assignment statement
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

7.5.1.3| Defined assignment statement

A defined assignment statement is an assignment statement that is not an intrinsic assign
statement, and is defined by a subroutine and an interface block (12.3.2.}) -that spe
ASSIGINMENT (=). A defined elemental assignment statement is a defined assignment state
for which the subroutine is elemental (12.7).

7.5.1.4] Intrinsic assignment conformance rules

For an|intrinsic assignment statement, variable and expr shall conferm’ in shape, and if expr

array,
Table

If varigble is a pointer, it shall be associated with a definable target such that the type,
paramgters, and shape of the target and expr conform.

For a

or diff¢rent kind type parameters, in which case thevalue of expr is converted to the type and
type parameter of variable according to the rules.of Table 7.10.

For a

paramgters, in which case the value of expr is converted to the kind type parameter of variabld.

For a

paramgter value, but may have different character length parameters in which case the convey
of expr|to the length of variable is as follows:

7.9.

rjumeric intrinsic assignment statement, variable and expr may have different numeric

Table 7.10 Numeric conversion and the assignment statement

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 KIND are the generic
functions defined in 13.14.

logical intrinsic- assignment statement, variable and expr may have different kind

gharacter intrinsic assignment statement, variable and expr shall have the same kind

ment
rifies
ment

1S an

tariable shall also be an array. The types of variable and expr.shall conform with the rules of

type

ypes
kind

type

type

sion

(1)  If the length of variable is less than that of expr, the value of expr is truncated from the

right until it is the same length as variable.

(2)  If the length of variable is greater than that of expr, the value of expr is extended on the

right with blanks until it is the same length as variable.

NOTE 7.40

IFor nondefault character types, the blank padding character is processor dependent.
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7.5.1.5 Interpretation of intrinsic assignments

Execution of an intrinsic assignment causes, in effect, the evaluation of the expression expr and all
expressions within variable (7.1.7), the possible conversion of expr to the type and type parameters
of variable (Table 7.10), and the definition of variable with the resulting value. The execution of the
assignment shall 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 shall 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 varighle

Both variable and expr may contain references to any portion of variable.

NOTE 7.41
For example, in the character intrinsic assignment statement:

STRING (2:5) = STRING (1:4)

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 ari_array, the expr is treated as if|it were

an afray of the same shape as variable with every elementof the array equal to the scalar yalue of
expr.

When variable in an intrinsic assignment is an array, the assignment is performed elen; ent-by-
element on corresponding array elements of varjgble and expr.

INOTE 7.42
For example, if A and B are arrays of the same shape, the array intrinsic assignment

A =B

pssigns the corresponding elements of B to those of A; that is, the first element of B is agsigned
o the first element of A, the-second element of B is assigned to the second element of A, etc.

The processor may perfornr the element-by-element assignment in any order.

INOTE 7.43

For example, the following program segment results in the values of the elements of drray X
being reversed;

REAL X./(10)

X~(1:10) = X (10:1:-1)

i $ S reRPR-eRE— £ ad 3£ s M :
A derived-type-intrinsic-assignment-is-performed-as-if-each-eomponent-ofexpr-were-assigned to

the corresponding component of variable using pointer assignment (7.5.2) for pointer components,
and intrinsic assignment for nonpointer components. The processor may perform the component-
by-component assignment in any order or by any means that has the same effect.

NOTE 7.44

For an example of a derived-type intrinsic assignment statement, if C and D are of the same
derived type with a pointer component P and nonpointer components S, T, U, and V of type
integer, logical, character, and another derived type, respectively, the intrinsic

C =D
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NOTE 7.44 (Continued)

pointer assigns D%P to C%P and assigns D %S to C%S using the numeric intrinsic
assignment statement, D % T to C % T using the logical intrinsic assignment statement, D % U
to C % U using the character intrinsic assignment statement, and D % V to C % V using the
derived-type intrinsic assignment statement.

When variable is a subobject, the assignment does not affect the definition status or value of other
parts of the object. For example, if variable is an array section, the assignment does not affect the
definition status or value of the elements of the parent array not specified by the array section.

7.5.1.6 | Interpretation of defined assignment statements

The intérpretation of a defined assignment is provided by the subroutine that defines |the
operation.
A subrofitine defines the defined assignment x; = x, if

(1] The subroutine is specified with a SUBROUTINE (12.5.2.3) or¢ENTRY (12.522.5)
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 dumimy arguments d, and|d,,

respectively,
(4) The type parameters, if any, of x; and x, match those of d; and d,, respectively, gnd
(5) Either
(@) The subroutine is elemental and either. x; and x, have the same shape or A, is
scalar or

(b) The ranks of x, and x,, and their'shapes if either or both are arrays, match those
1 2 P y
of d; and d,, respectively.

The typles of x;, and x, shall not both be nameric, both be logical, or both be character withf the
same kind type parameter value.

If the d¢fined assignment is an elemental assignment and the variable in the assignment is an afray,
the defined assignment is performed element-by-element, in any order, on corresponding elempents
of variable and expr. If expr is a scalar, it is treated as if it were an array of the same shape as varjable
with evpry element of the array-equal to the scalar value of expr.

NO[TE 7.45
Thé rules of defined assignment (12.3.2.1.2), procedure references (12.4), subroutine referemnces
(12{4.3), and elemental subroutine arguments (12.7.3) ensure that the defined assignment has
the|same effe¢t'as if the evaluation of all operations in x, and X; occurs before any portiop of
x; [is defined.

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 wvariable
or expr

Constraint:  The pointer-object shall have the POINTER attribute.

Constraint: The variable shall have the TARGET attribute or be a subobject of an object with the
TARGET attribute, or it shall have the POINTER attribute.

Constraint:  The target shall be of the same type, kind type parameters, and rank as the pointer.

110


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

©ISO/IEC ISO/IEC 1539-1:1997(E)

Constraint:  The target shall not be an array section with a vector subscript.
Constraint:  The expr shall deliver a pointer result.

The target shall have the same type parameters as the pointer-object. If the target is not a pointer, the
pointer assignment statement associates the pointer-object with the target. If the target is a pointer
that is associated, the pointer-object is associated with the same object as the target. If the target is a
pointer that is disassociated or a reference to the NULL intrinsic function, the pointer-object
becomes disassociated. If the target is a pointer with undefined association status, the pointer-object
acquires an undefined association status.

n of a
1.6).

of the

-]

he following are examples of pointer assignment statements:

NEW_NODE % LEFT => CURRENT_NODE

SIMPLE NAME => TARGET_STRUCTURE % SUBSTRUCT % COMPONENT
PTR => NULL ( )

ROW => MAT2D (N, :)

WINDOW => MAT2D (I-1:I+1, J-1:J+1)

POINTER_OBJECT => POINTER_FUNCTION (ARG_1l, ARG_2)

EVERY_OTHER => VECTOR (1:N:2)

7.5.3 Masked array assignment - WHERE

The thasked array assignment 15 used to mask the evaluation of expressions and assignment of
valuep in array assignment statements, according to the value of a logical array expression.

7.5.3]1 General form-of the masked array assignment
A masked array assignment is either a WHERE statement or WHERE construct.
R738( wheresstint is WHERE ( mask-expr ) where-assignment-stmt

R739| where-construct is where-construct-stmt

[ where-body-construct ] ...
Fnasked-elsewhere—stit

[ where-body-construct ] ... ] ...
[ elsewhere-stmt

[ where-body-construct ] ... ]
end-where-stmt

R740  where-construct-stmt is [where-construct-name:] WHERE ( mask-expr )

R741  where-body-construct is where-assignment-stmt
or where-stmt
or where-construct

R742  where-assignment-stmt is assignment-stmt
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mask-expr is logical-expr
masked-elsewhere-stmt is ELSEWHERE (mask-expr) [where-construct-name]
elsewhere-stmt is ELSEWHERE [where-construct-name]
end-where-stmt is END WHERE [where-construct-name)

Constraint: A where-assignment-stmt that is a defined assignment shall be elemental.

Constraint:

If a wHere-construct contains a where-stmt, a masked-elsewhere-stmt, or another where-construct
each mgsk-expr within the where-construct shall have the same shape. In each wherne=assignment-
the magk-expr and the variable being defined shall be arrays of the same shape,

NOTE 7.47

/IEC

If the where-construct-stmt is identified by a where-construct-name, the corresponding

end-where-stmt shall specify the same where-construct-name. 1If the where-construct-stmt
is not identified by a where-construct-name, the corresponding end-where-stmt shall not

identified by a where-construct-name, the corresponding where-construct-stmt
specify the same where-construct-name.

specify a where-construct-name. 1f an elsewhere-stmt or a masked-elsewhere-stqt is

shall

then
stmt,

Ex

hmples 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

When
additio

If the statement does not appear as part-of a where-body-construct, the mask-expr of the statems

evalua
mask i
statem
once.

Each sf
Upon ¢

(
(

Interpretation of masked array assignments

n, when a WHERE construct statement is executed, a pending control mask is establi

ed, and the control mask is established to be the value of mask-expr. The pending co
s established to have the\value .NOT. mask-expr upon execution of a WHERE cong
ent that does not appeartas part of a where-body-construct. The mask-expr is evaluated

atement in a WHERE construct is executed in sequence.

xecution of @ tasked-elsewhere-stmt, the following actions take place in sequence:

p) ,The pending control mask is  established to have the
m, .AND. (.NOT. mask-expr).

(!

1) Thecontrol mask m, is established to have the value of the pending control mask.

h WHERE statement or a where-construct-stmt is executed, a control mask is established. In

)hed.
ent is
ntrol
truct
only

ralue

B)~ The control mask m_is established to have the value m . AND. mask-expr |

The mask-expr is evaluated only once.

Upon execution of an ELSEWHERE statement, the control mask is established to have the value of
the pending control mask. No new pending control mask value is established.

Upon execution of an ENDWHERE statement, the control mask and pending control mask are
established to have the values they had prior to the execution of the corresponding WHERE
construct statement. Following the execution of a WHERE statement that appears
where-body-construct, the control mask is established to have the value it had prior to the execution
of the WHERE statement.
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NOTE 7.48

The establishment of control masks and the pending control mask is illustrated with the
following example:

WHERE (condl) ! Statement 1
ELSEWHERE (cond2) ! Statement 2
ELSEWHERE ! Statement 3

o e

ollowing execution of statement 1, the control mask has the value condl and the pending
ontrol mask has the value .NOT. condl. Following execution of statement 2, the |control
ask has the value (.NOT. cond1) .AND. cond2 and the pending control mask has tHe value
.NOT. condl) .AND. (.NOT. cond2). Following execution of statement 3) the contr¢l mask
has the value (.NOT. condl).AND. (.NOT. cond2). The false ¢ondition valles are
propagated through the execution of the masked ELSEWHERE statement.

Upop execution of a WHERE statement or a WHERE construct §tatement that is part of a
whetp-body-construct, the pending control mask is established to have the| value

me

m.

JAND. (.NOT. mask-expr). ~The control mask is then' established to have thd value
JAND. mask-expr. The mask-expr is evaluated only once.

If a nonelemental function reference occurs in the expr or-dariable of a where-assignment-stmf or in a
mask-expr, the function is evaluated without any m@sKed control; that is, all of its argument
exprpssions are fully evaluated and the function is fully evaluated. If the result is an array pnd the
reference is not within the argument list of a nonelemental function, elements corresponding to
truevalues in the control mask are selected for-Wse in evaluating the expr, variable or mask-¢xpr.

If an elemental operation or function\ reference occurs in the expr or wvariablg of a
wherg-assignment-stmt or in a mask-expr,and is not within the argument list of a nonel¢mental
function reference, the operation is performed or the function is evaluated only for the elements

corrgsponding to true values of the ‘control mask.

If anfarray constructor appears.itva where-assignment-stmt or in a mask-expr, the array constructor is
evalyiated without any masked control and then the where-assignment-stmt is executed|or the

maskrexpr is evaluated.

When a where-assignmeni-stmt is executed, the values of expr that correspond to true value$ of the

contfol mask are assigned to the corresponding elements of variable.

A statement thatis part of a where-body-construct shall not be a branch target statement. Th

value

of the control mask is established by the execution of a WHERE statement, a WHERE cdnstruct
statement; an ELSEWHERE statement, a masked ELSEWHERE statement, or an ENDWHERE

statement;“Subsequent changes to the value of entities in a mask-expr have no effect on the
the dontrol ma he exe 1 1 in a1 B Reccie .

alue of
AHERE

statement is permitted to affect entities in the assignment statement. Execution of an END WHERE
has no effect.

NOTE 7.49

Examples of function references in masked array assignments are:

WHERE (A > 0.0)
A = LOG (A) ! LOG is invoked only for positive elements.
A=A/ SUM (LOG (A)) ! LOG is invoked for all elements

! because SUM is transformational.
END WHERE
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7.5.4 FORALL

FORALL constructs and statements are used to control the execution of assignment and pointer
assignment statements with selection by sets of index values and an optional mask expression.

7.5.4.1 The FORALL Construct
The FORALL construct allows multiple assignments, masked array (WHERE) assignments

, and

nested FORALL constructs and statements to be controlled by a single forall-triplet-spec-list and

by a

scalar-mask.

R747  forall-construct is forall-construct-stmt
[forall-body-construct ] ...
end-forall-stmt

R748  forall-construct-stmt is [forall-construct-name :] FORALL forall-header.

R749  forall-header is (forall-triplet-spec-list [, scalar-mask-expr] )

R750  [forall-triplet-spec is index-name = subscript : subscript [ : stride]

R617  [subscript is scalar-int-expr

R603  [stride is scalar-int-expr

R751 [forall-body-construct is forall-assignment-stmt

or where-stmt
or where-construct
or forall-construct
or forall-stmt
R752 |forall-assignment-stmt is assignment-stmt
or pointer-assignment-stmt

R753 |end-forall-stmt is ENDZFORALL [forall-construct-name ]

Constrgint:  If the forall-construct-stmt has a forall-construct-name, the end-forall-stmt shall have the
same forall-construct-name.” 1f the end-forall-stmt has a forall-construct-name,| the
forall-construct-stmt shall have the same forall-construct-name.

Constraint: The scalar-mask-exprishall be scalar and of type logical.

Constraint: Any procedure, referenced in the scalar-mask-expr, including one referenced
defined operation, shall be a pure procedure (12.6).

Constraint: The index-riame shall be a named scalar variable of type integer.

Constraint: A subscript or stride in a forall-triplet-spec shall not contain a reference to| any
indef-name in the forall-triplet-spec-list in which it appears.

Constrhint: <A statement in a forall-body-construct shall not define an index-name of| the
forall-construct.

Constraint’__Anv procedure referenced in a forall-body-construct, including one referenced

defined operation or assignment, shall be a pure procedure.
Constraint: A forall-body-construct shall not be a branch target.
NOTE 7.50

An example of a FORALL construct is:
REAL :: A(10, 10), B(10, 10) = 1.0

FORALL (I = 1:10, J = 1:10, B(I, J) /= 0.0)
A(I, J) = REAL (I + J - 2)
B(I, J) = A(I, J) + B(I, J) * REAL (I * J)
END FORALL
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NOTE 7.51

An assignment statement that is a FORALL body construct may be a scalar or array
assignment statement, or a defined assignment statement. The variable being defined will
normally use each index name in the forall-triplet-spec-list. For example

FORALL (I = 1:N, J
A(:, I, :, J) =
END FORALL

= 1:N)
1.0 / REAL(I + J - 1)

broadcasts scalar values to rank-two subarrays of A.

NOTE 752
An example of a FORALL construct containing a pointer assignment statement is:

TYPE ELEMENT
REAL ELEMENT WT
CHARACTER (32), POINTER :: NAME

END TYPE ELEMENT

TYPE (ELEMENT) CHART (200)

REAL WEIGHTS (1000)

CHARACTER (32), TARGET :: NAMES (1000)

FORALL (I = 1:200, WEIGHTS (I + N - 1) > .5)
CHART(I) % ELEMENT _WT = WEIGHTS (I + N - 1)
CHART(I) % NAME => NAMES (I + N - 1)

END FORALL

The results of this FORALL construct cannot be achiéved with a WHERE construct bedqause a
pointer assignment statement is not permitted inta WHERE construct.

An intdex-name in a forall-construct has a scope of-the construct (14.1.3). It is a scalar variable that
has the type and type parameters that it would have if it were the name of a variablel in the

scoping unit that includes the FORALL; and this type shall be integer type; it has n¢ other
attributes.

OTE 7.53

Ihe use of index-name variableés in a FORALL construct does not affect variables of the same
ame, for example:

INTEGER :: X = -1
REAL A(5, 4)
J = 100

FORALL (X\= 1:5, J = 1:4)
AAX, J) =4J
END “FORALL

After.execution of the FORALL, the variables X and J have the values -1 and 100 and A has
the'value

BRRRR
MNNNN
WWwwww
PSS

7.5.4.2 Execution of the FORALL construct

There are three stages in the execution of a FORALL construct:
(1) Determination of the values for index-name variables,
(2) Evaluation of the scalar-mask-expr, and
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(3) Execution of the FORALL body constructs.

7.5.4.2.1 Determination of the values for index-name variables

The subscript and stride expressions in the forall-triplet-spec-list are evaluated. These expressions
may be evaluated in any order. The set of values that a particular index-name variable assumes is
determined as follows:

(1)  The lower bound m,, the upper bound m,, and the stride m; are of type integer with
the same kind type parameter as the index-name. Their values are established by
evaluating the first subscript, the second subscript, and the stride expressions,
41 : i } J;.ll ;fxlC\.coacu. \.UlchlDiUll t .-h }\' l‘, + AL ALLL ch f‘lh f dex-
ICDPCLI.IVCIJ,'L[[L].UU 6’ y’ . U.l < ALICL lytlc t/ g 4 .U [=aienysfd
name according to the rules for numeric conversion (Table 7.10). If a stride doep not
appear, m; has the value 1. The value m; shall not be zero.

() Let the value of max be (my,—m;+m3)/my;. If max<0 for some index-name, the
execution of the construct is complete. Otherwise, the set of values for the index-name
is

my+(k—=1)xms where k =1, 2, ..., max.
The sef of combinations of index-name values is the Cartesian product of-the sets defined by|each
triplet fpecification. An index-name becomes defined when this set is-evaluated.

NOTE 7.54

Tl'z(stride may be positive or negative; the FORALL body constructs are executed as lorg as
m4gx > 0. For the forall-triplet-spec

I = 10:1:-1

max has the value 10

7.5.4.2.2 Evaluation of the scalar-mask-expr

The scplar-mask-expr, if any, is evaluated for each combination of index-name values. If the
scalar-mask-expr is not present, it is as if it.‘were present with the value .TRUE.. The index{name
variables may be primaries in the scalar-tnask-expr.

The agtive combination of index-mame values is defined to be the subset of all pogsible
combinations (7.5.4.2.1) for which-the scalar-mask-expr has the value .TRUE..

NOTE 7.55
THe index-name variables ' may appear in the mask, for example

FORALL (I=1:10," J=1:10, A(I) > 0.0 .AND. B(J).< 1.0)

L S

7.5.4.2.3 Execution of the FORALL body constructs

The forall-body-constructs are executed in the order in which they appear. Each constryct is
executed. for all active combinations of the index-name values with the following interpretation:

Execution of a forall-assignment-stmt that is an assignment-stmt causes the evaluation of expr and all
expressions within variable for all active combinations of index-name values. These evaluations may
be done in any order. After all these evaluations have been performed, each expr value is assigned
to the corresponding variable. The assignments may occur in any order.

Execution of a forall-assignment-stmt that is a pointer-assignment-stmt causes the evaluation of all
expressions within target and pointer-object, the determination of any pointers within pointer-object,
and the determination of the target for all active combinations of index-name values. These
evaluations may be done in any order. After all these evaluations have been performed, each
pointer-object is associated with the corresponding target. These associations may occur in any
order.
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In a forall-assignment-stmt, a defined assignment subroutine shall not reference any variable that
becomes defined or pointer-object that becomes associated by the statement.

NOTE 7.56
The following FORALL construct contains two assignment statements. The assignment to

array B uses the values of array A computed in the previous statement, not the values A had
prior to execution of the FORALL.

FORALL (I = 2:N-1, J = 2:N-1 )
A (I, J) = A(I, J-1) + A(I,J+1) + A(I-1,J) + A(I+1, J)
B (1, J) 1.0 / A(I, J)

_____END FORALI

]

Computations that would otherwise cause error conditions can be avoided by, using an
appropriate scalar-mask-expr that limits the active combinations of the index-name valyes. For
example:

FORALL (I = 1:N, Y(I) .NE. 0.0)
X(I) = 1.0 / Y(I)
END FORALL

whete-stmt, where-construct-stmt or masked-elsewhere-stmt is executed, the statement’s mas c-expr is
evaluated for all active combinations of index-name values ‘as-determined by the outer forall-
consfructs, masked by any control mask corresponding to-outer where-constructs. Any where-
assignment-stmt is executed for all active combinations of index-name values, masked by the control
mask in effect for the where-assignment-stmt.

NOTE 7.57
This FORALL construct contains a WHERE‘statement and an assignment statement.

EacI‘statement in a where-construct (7.5.3) within a forall-construct is'éxecuted in sequence. |When a

INTEGER A(5,4), B(5,4)
FORALL ( I = 1:5 )
WHERE ( A(I,:) .EQ. 0 ) A(I,:) = I
B (I,:) =TI / A(I,:)
END FORALL

When executed with the inputarray

0O 0 o0 0
1 1 1. 0

A = 2 2 _ 0.2
1 0.2 3
0. 0/ 0 O

the results'will be

1 1 1 1 1 1 1 1
1 1 1 2 2 2 2 1

A = 2 2 3 2 B = 1 1 1 1
1 4 2 3 4 1 2 1
5 5 5 5 1 1 1 1

For an example of a FORALL construct containing a WHERE construct with an ELSEWHERE
statement, see C.4.5.

Execution of a forall-stmt or forall-construct causes the evaluation of the subscript and stride
expressions in the forall-triplet-spec-list for all active combinations of the index-name values of the
outer FORALL construct. The set of combinations of index-name values for the inner FORALL is
the union of the sets defined by these bounds and strides for each active combination of the outer
index-name values; it also includes the outer index-name values. The scalar-mask-expr is then
evaluated for all combinations of the index-name values of the inner construct to produce a set of
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active combinations for the inner construct. If there is no scalar-mask-expr, it is as if it were present
with the value .TRUE.. Each statement in the inner FORALL is then executed for each active
combination of the index-name values.

NOTE 7.58

This FORALL construct contains a nested FORALL construct. It assigns the transpose of the
lower triangle of array A (the section below the main diagonal) to the upper triangle of A.

INTEGER A (3, 3)

FORALL (I = 1:N-1 )
FORALL ( J=I+1:N
A EF) A

END FORALL

END FORALL

If ptior to execution N = 3 and

0 3 6
A = 1 4 7
2 5 8

then after execution

0 1 2
A = 1 4 5
2 5 8

7.5.4.3 | The FORALL statement

LL statement allows a single assignment)statement or pointer assignment tq be

R754  forall-stmt is FORALL forall-header forall-assignment-stmt

A FORALL statement is equivalent to a FORALL construct containing a single forall-body-consiruct
that is a forall-assignment-stmt.

The scope of an index-name in a forall-sttab is the statement itself (14.1.3).

NOITE 7.59
Exdmples of FORALL statements are:

FORALL (I=1:N) A(I,I) = X(I)

Thik statement assigris the elements of vector X to the elements of the main diagonal of m4trix
A )

FORALL (IH=1:N, J = 1:N) X(I,J) = 1.0 / REAL (I+J-1)

Artay element X(1]) is assigned the value (1.0 / REAL (I+]-1)) for values of I and J between 1
and N, inclusive.

FORALL (I=1:N, J=1:N, Y(I,J) /= 0 .AND. I /= J) X(I,J) = 1.0 / ¥(I,J)

This statement takes the reciprocal of each nonzero off-diagonal element of array Y(L:N, 1:N)
and assigns it to the corresponding element of array X. Elements of Y that are zero or on the
diagonal do not participate, and no assignments are made to the corresponding elements of X.

The results from the execution of the example in Note 7.58 could be obtained with a single
FORALL statement:

FORALL ( I = 1:N-1, J=1:N, J > I ) A(I,J) = A(J,I)

For more examples of FORALL statements, see C.A4.6.
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7.5.4.4 Restrictions on FORALL constructs and statements

A many-to-one assignment is more than one assignment to the same object or subobject, or
association of more than one target with the same pointer, whether the object is referenced directly
or indirectly through a pointer. A many-to-one assignment shall not occur within a single
statement in a FORALL construct or statement. It is possible to assign or pointer assign to the
same object in different assignment statements in a FORALL construct.

NOTE 7.60

The appearance of each index-name in the identification of the left-hand side of an assignment
statement is helpful in eliminating many-to-one assignments, but it is not sufficient to
guarantee there w € none. For example, the ttowed

FORALL (I = 1:10)
A (INDEX (I)) = B(I)
END FORALL

if and only if INDEX(1:10) contains no repeated values.

Within the scope of a FORALL construct, a nested FORALL statement or FORALL construgt shall

not have the same index-name. The forall-header expressions within a riested FORALL may dlepend
on the values of outer index-name variables.
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Section 8: Execution control

The execution sequence may be controlled by constructs containing blocks and by certain
executable statements that are used to alter the execution sequence.

8.1 Executable constructs containing blocks

The |following are executable constructs that contain blocks and may be used to confrol the
execfition sequence:

(1) IF Construct

(2) CASE Construct

(3) DO Construct

There|is also a nonblock form of the DO construct.

A blpck is a sequence of executable constructs that is treated as a unit;
R801  block is [ execution-part-construct }-..:
Executable constructs may be used to control which blocks“of a program are executed pr how
many times a block is executed. Blocks are always bounded by statements that are parti¢ular to

the donstruct in which they are embedded; however, in somé forms of the DO construct, a sequence of executable
constucts without a terminating boundary statement shall obey all'gther rules governing blocks (8.1.1).

OTE 8.1
['A block need not contain any executable constructs. Execution of such a block has no pffect.

Any |of these constructs may be named. If@'construct is named, the name shall be the firs{ lexical
token of the first statement of the construet and the last lexical token of the construct. In fixéd source
form, [the name preceding the construct shall be,placed after character position 6.

A statement belongs to the innermeost construct in which it appears unless it contains a cqnstruct
name, in which case it belongs'to the named construct.

OTE 8.2
example of a construct containing a block is:

F (A > 0.0) THEN
B = SQORT (A) ! These two statements
C = LOG) (A) ! form a block.

ND IF

8.1.1 <Rules governing blocks

8.1.1.1 Executable constructs in blocks

If a block contains an executable construct, the executable construct shall be entirely within the
block.

8.1.1.2 Control flow in blocks

Transfer of control to the interior of a block from outside the block is prohibited. Transfers within
a block and transfers from the interior of a block to outside the block may occur.
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NOTE 8.3
For example, if a statement inside the block has a statement label, a GO TO statement using
that label is only allowed to appear in the same block.

Subroutine and function references (12.4.2, 12.4.3) may appear in a block.

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

i k is completed when the last
executable construct in the sequence is executed. The action that takes place at the terminal
boundary depends on the particular construct and on the block within that construct. Itis’ustpally
er of control.

8.1.2 |IF construct

The IF konstruct selects for execution no more than one of its constituent blocks.” The IF statement
controls the execution of a single statement (8.1.2.4).

8.1.2.1] Form of the IF construct

R802 | if-construct is if-then-stmt
block
[ else-if-stmt
block ] ...
[ else-stmt
block™
end-if-stmt ,
R803 | if-then-stmt is [ if-construct-name : ] IF ( scalar-logical-expr ) THEN
R804 | else-if-stmt is ELSE IF ( scalar-logical-expr ) THEN [ if-construct-name ||
R805 | else-stmt is “ELSE [ if-construct-name ]
R806 | end-if-stmt is END IF [ if-construct-name ]

Constrpint:  If the if-then-stmf of an if-construct is identified by an if-construct-name the
corresponding end-if-stmt shall specify the same if-construct-name. If the if-then-stmt
of an if-coristruct is not identified by an if-construct-name, the corresponding
end-if-stmt)shall not specify an if-construct-name. 1If an else-if-stmt or else-stmt is
identified by an if-construct-name, the corresponding if-then-stmt shall specify the
same-if-construct-name.

8.1.2.2 Execution of an IF construct

construct, exactly one ot the blocks in the construct will be executed. i sions
are evaluated in the order of their appearance in the construct until a true value is found or an
ELSE statement or END IF statement is encountered. If a true value or an ELSE statement is found,
the block immediately following is executed and this completes the execution of the construct. The
scalar logical expressions in any remaining ELSE IF statements of the IF construct are not
evaluated. If none of the evaluated expressions is true and there is no ELSE statement, the
execution of the construct is completed without the execution of any block within the construct.

An ELSE IF statement or an ELSE statement shall not be a branch target statement. It is
permissible to branch to an END IF statement only from within the IF construct. Execution of an
END IF statement has no effect.
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8.1.2.3 Examples of IF constructs

NOTE 8.4

IF (CVAR .EQ. 'RESET') THEN
I=0;Jd=20; K=20
END IF

PROOF_DONE: IF (PROP) THEN
WRITE (3, '("QED")')
STOP

ELSE

PROP = NEXTPROP
ND IF PROOF_DONE

IF (A .GT. 0) THEN

B = C/A
IF (B .GT. 0) THEN
D =1.0
END IF
ELSE IF (C .GT. 0) THEN
B = A/C
D= -1.0
ELSE
B = ABS (MAX (A, C))
D=0
END IF

8.1.2.4 IF statement

The

R807  if-stmt- is IF ( scalar-logical-expr ) action-stmt

[F statement controls a single action statement (R216).

Congtraint: The action-stmt in the _ifsstmt shall not be an ifstmt, end-program-stmt,

end-function-stmt, or end-subroutine-stmt.

Exedution of an IF statement causes evaluation of the scalar logical expression. If the vah:f of the

expression is true, the action statement is executed. If the value is false, the action stateme
execpited and execution continues’as though a CONTINUE statement (8.3) were executed.

The

actign statement.

t is not

execution of a function reference in the scalar logical expression may affect entities in the

NOTE 8.5

An example of.an IF statement is:

IF (A >-040) A = LOG (A)

8.1.
The

B ~ CASE construct

Pal Wl ol P " 1locket ] VRPN SP-CC PN~V S5 1 TP-P-CTW-Y £ SEP-CTE S 2% P2y oy
CAJL CUITSTIUUT OCITCUILS TUTI CATUTOUIUIT Aat IITOOT OO UT TITo CUTTOTIT T ITU OTOCTINOS

8.1.3.1 Form of the CASE construct

R808  case-construct is select-case-stmt
[ case-stmt
block 1 ...
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]
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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 shall specify the same case-construct-name.
select-case-stmt of a case-construct is not identified by a case-construct-name, the
corresponding end-select-stmt shall not specify a case-construct-name. If a case-stmt is
identified by a case-construct-name, the corresponding select-case-stmt shall specify the
same case-construct-name.

R812  case-expr is scalar-int-expr

or scalar-char-expr

o r

R813 | case-selector is ( case-value-range-list )

or DEFAULT
Constraint: No more than one of the selectors of one of the CASE statements shall be DEFAULT.
R814 | case-value-range is case-value

or case-value :

or : case-value

or case-value : case-value

R815 | case-value is scalar-int-initialization-expr

or scalar-char-initialization-expr
or scalar-logical-initialization-expr

Constraint:  For a given case-construct, each case-value shall\be of the same type as case-expr.
character type, length differences are allowed;but the kind type parameters shall be
the same.

Constrtint: A case-value-range using a colon shall not'be used if case-expr is of type logical.

Constraint:  For a given case-construct, the case-valiie-ranges shall not overlap; that is, there shall be
no possible value of the case-expr\that matches more than one case-value-range.

8.1.3.2 Execution of a CASE construct

The exgcution of the SELECT CASE statement causes the case expression to be evaluated.

resulting value is called the case index. For a case value range list, a match occurs if the case i

matchgs any of the case value (rariges in the list. For a case index with a value of ¢, a mat]

determiined as follows:

(L) If the case value range contains a single value v without a colon, a match occux
data type logical if the expression ¢ .EQW. v is true, and a match occurs for data
integer or.character if the expression ¢ .EQ. v is true.

(R) If théccase value range is of the form low : high, a match occurs if the expre
low'\.LE. ¢ .AND. ¢ .LE. high is true.

(B) , (Ifythe case value range is of the form low :, a match occurs if the expression low .
is true.

(4) TI'the case value range is of the form : high, a match occurs if the expression c .LE. high
is true.

(5) If no other selector matches and a DEFAULT selector is present, it matches the case
index.

(6) If no 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.
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A CASE statement shall not be a branch target statement.

SELECT statement only from within the CASE construct.
8.1.3.3 Examples of CASE constructs

NOTE 8.6

ISO/IEC 1539-1:1997(E)

It is permissible to branch to an END

An integer signum function:

INTEGER FUNCTION SIGNUM (N)
SELECT CASE (N)
CASE—{+-1)

SIGNUM
CASE (0)

SIGNUM
CASE (1:)

SIGNUM

END SELECT
ND

-1

1]

0

]
[

INOTE 8.7

A code fragment to check for balanced parentheses:

CHARACTER (80) :: LINE

LEVEL=0

pO I = 1, 80

CHECK_PARENS: SELECT CASE (LINE (I:I))

CASE (' (")

LEVEL = LEVEL + 1
CASE (')')

LEVEL = LEVEL - 1

IF (LEVEL .LT. 0) THEN .

EXIT
END IF
CASE DEFAULT
! Ignore all other characters
END SELECT CHECK'PARENS
END DO
[F (LEVEL .GT. '0) THEN

PRINT *, 'MISSING RIGHT PARENTHESIS'
END IF

PRINT *, 'UNEXPECTED\RIGHT PARENTHESIS'

NOTE 8.8

The following three fragments are equivalent:

IF (SILLY .EQ. 1) THEN

CALL THIS
ELSE

CALL THAT
END IF

SELECT CASE (SILLY .EQ. 1)
CASE (.TRUE.)

CALL THIS

CASE (.FALSE.)

CALL THAT

END SELECT
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NOTE 8.8 (Continued)
SELECT CASE (SILLY)
CASE DEFAULT

CALL THAT
CASE (1)

CALL THIS
END SELECT

NOTE 8.9 v
A code fragment showing several selections of one block:

SELECT CASE (N)
CA]E (1, 3:5, 8) | Selects 1, 3, 4, 5, 8

CALL SUB
E DEFAULT
CALL OTHER
ENI) SELECT

CA

8.1.4 (DO construct

The DQ construct specifies the repeated execution of a sequence of executable constructs. Sych a
repeatefl sequence is called a loop. The EXIT and CYCLE stateménts may be used to modify the
executipn of a loop.

The number of iterations of a loop may be determined at.the beginning of execution of th¢ DO
construct, or may be left indefinite ("DO forever" or DO WHILE). In either case, an EXIT statement
(8.1.4.4/4) anywhere in the DO construct may be executed to terminate the loop immediately. A
particular iteration of the loop may be curtailed by executing a CYCLE statement (8.1.4.4.3).
8.1.4.1| Forms of the DO construct

The D construct may be written in either a’block form or a nonblock form.

R816 | do-construct is . block-do-construct
or ‘nonblock-do-construct

8.1.4.1L1 Form of the block DO construct

R817 | block-do-construct is do-stmt

do-block

end-do
R818 | do-stmt is label-do-stmt

or nonlabel-do-stmt

R819 | label-do-stmt is [ do-construct-name : ] DO label [ loop-control ]
R820 | nonlabel-do-stmt is [ do-construct-name : ] DO [ loop-control ]
R821  loop-control is [, ] do-variable = scalar-int-expr, scalar-int-expr B

W [, scalar-int-expr |
or [,] WHILE ( scalar-logical-expr )

R822  do-variable is scalar-int-variable
Constraint: The do-variable shall be a named scalar variable of type integer.

R823  do-block is block

R824 end-do is end-do-stmt
or continue-stmt
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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 shall 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 shall not specify a do-construct-name.

Constraint:  If the do-stmt is a nonlabel-do-stmt, the corresponding end-do shall be an end-do-stmt.

Constraint:  If the do-stmt is a label-do-stmt, the corresponding end-do shall be identified with the
same label.

8.1.4r-2—Formrofthenonblock 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
Constraint: A do-term-action-stmt shall not be a continue-stmt, a goto-stmt, a return-stmt, a stop-stmt, an exjt-stmt, a
cycle-stmt, an end-function-stmt, an end-subroutine-stmt, an end-program-stmt, or an arithmetic-if-stmf
Consttaint: The do-term-action-stmt shall be identified with a label and the corresponding label-do-stmt shall refer 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-dosstmt
do-body
do-term-shared-stmt
R833 do-term-shared-stmt is_._ action-stmt
Constraint: A do-term-shared-stmt shall mot be a goto-stmt, a return-stmt, a stop-stmt, an exit-stmt, a cyclestmt, an
end-function-stmt, an end-subroutine-stmt, an end-program-stmt, or an arithmetic-if-stmt.
Constraint: The do-term-shared<stmt shall be identified with a label and all of the Iabel-do-stmts| of the

shared-term-do-construct shall refer to the same label.

The dp-term-action-stmt, do-term-shared-stmt, or shared-term-do-construct following the do-body of a nonblock DO cohstruct is
called| the DO termination of that construct.

Withih a scoping unit, allNDO constructs whose DO statements refer to the same label are nonblock DO constructd, and are
said tp share the statement identified by that label.

8.1.4.2 Range of the DO construct

The fange bf a block DO construct is the do-block, which shall satisfy the rules for blocks (8.1.1). In
particulat, transfer of control to the interior of such a block from outside the block is prohibited. It
is permitted 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 permitted 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
when its DO statement is executed.
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Once active, the DO construct becomes inactive only when the construct it specifies is terminated
(8.1.4.4.4). When an active DO construct becomes inactive, the do-variable, if any, retains its last
defined value.

8.1.4.4 Execution of a DO construct

A DO construct specifies a loop, that is, a sequence of executable constructs that is executed

repeatedly.

There are three phases in the execution of a DO construct: initiation of the loop,

execution of the loop range, and termination of the loop.

8.1 4.4 1—toop-initiation

When the DO statement is executed, the DO construct becomes active. If loop-control is
[, | do-variable = scalar-int—expr1 , scalar—int—expr2 [, scalar-int-expr3 ]

the following steps are performed in sequence:

m

®
®

NOTE 8.10

The initial parameter m, the terminal parameter m,, and the incrementation paramneter
are of type integer with the same kind type parameter as the do-variable. [Their
values are established by evaluating scalar-int-expr., scalar-int-expr,, and scalar-int- PXPT o,
respectively, including, if necessary, conversion to the kind type parameter of the
do-variable according to the rules for numeric conversion{(Table 7.10). If scalar—mt—expr3
does not appear, m, has the value 1. The value m, shallnot be zero.

The DO variable becomes defined with the value of the initial parameter m,.
The iteration count is established and~jis the value of the exprefsion
(my—m; + m3)/m4, unless that value is negative; in which case the iteration countfis 0.

m

y

THe iteration count is zero whenever:

>m,and m, > 0, or

<m2andm3<0.

If loop-pontrol is omitted, no iteration count'is calculated. The effect is as if a large positive iterption
count,| impossible to decrement‘:-to zero, were established. If  loop-contro] is
[, 1 WHILE (scalar-logical-expr), the-effect is as if loop-control were omitted and the following

statement inserted as the first statement of the do-block:

IF (.NOT.

At the [completion of the(execution of the DO statement, the execution cycle begins.

8.1.4.1.2 The execution cycle

The e

m

@)
@)

(scalar-logical-expr):) EXIT

ecution(cycle of a DO construct consists of the following steps performed in seqyence
repeaté¢dly ufitil termination:

The iteration count, 1f any, is tested If it is zero, the loop termmates and the DO

scalar-logzcul expr is evaluated, if the value of this expresswn is false the loop
terminates and the DO construct becomes inactive. 1If, 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.

If the iteration count is nonzero, the range of the loop is executed.

The iteration count, if any, is decremented by one. The DO variable, if any, is
incremented by the value of the incrementation parameter m,.

Except for the incrementation of the DO variable that occurs in step (3), the DO variable shall
neither be redefined nor become undefined while the DO construct is active.
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8.1.4.43 CYCLE statement

Step (2) in the above execution cycle may be curtailed by executing a CYCLE statement from
within the range of the loop.

R834  cycle-stmt is CYCLE [ do-construct-name ]

Constraint: If a cycle-stmt refers to a do-construct-name, it shall be within the range of that
do-construct; otherwise, it shall be within the range of at least one do-construct.

A CYCLE statement belongs to a particular DO construct. If the CYCLE statement refers to a DO
construct name, it belongs to that DO construct; otherwise, it belongs to the innermost DO
constraet IR 701 NP

| NI Py
e H-watenReappears:

Exeqution of a CYCLE statement causes immediate progression to step (3) of the curreht execution
cycle of the DO construct to which it belongs. If this construct is a nonblock DO“construct, the
do-term-action-stmt or do-term-shared-stmt is not executed.

In a|block DO construct, a transfer of control to the end-do has the same efféct as execution of a
CY({LE statement belonging to that construct. In a nonblock DO construct, transfer of contiol to the
do-tenm-action-stmt or do-term-shared-stmt causes that statement or construct itself to be exeCuted. Unless a further fransfer of
contrpl results, step (3) of the current execution cycle of the DO construct is then exectitéd.

8.1.4.4.4 Loop termination
The [EXIT statement provides one way of terminating a loopx

R83%  exit-stmt is EXIT [ do-construct-name |

Conptraint:  If an exit-stmt refers to a do-construct-rame, it shall be within the range|of that
do-construct; otherwise, it shall be within the range of at least one do-construct.

An EXIT statement belongs to a particular DQ’construct. If the EXIT statement refer:nﬁ a DO
congtruct name, it belongs to that DO construct; otherwise, it belongs to the innermpst DO
congtruct in which it appears.

The loop terminates, and the DO construct becomes inactive, when any of the following odcurs:

(1)  Determination that the iteration count is zero or the scalar-logical-expr is fals¢, when
tested during step (1) ,of the above execution cycle

(2)  Execution of an EXIT statement belonging to the DO construct

(3)  Execution of an EXIT statement or a CYCLE statement that is within the range of the
DO construct, but that belongs to an outer DO construct

(4) Transfer of control from a statement within the range of a DO construct to a statement
that is'neither the end-do nor within the range of the same DO construct

(5) Execttion of a RETURN statement within the range of the DO construct

(6) <Execution of a STOP statement anywhere in the program; or termination| of the
program for any other reason.

Whean 2 DO constriict becomes inactive. the DO variable if any, of the DO construct retaind its last
defined value.

8.1.4.5 Examples of DO constructs

NOTE 8.11
The following program fragment computes a tensor product of two arrays:

DOI =1, M
DO J =1, N
C (I, J) = SUM (A (X, J, ) *B (:, I, J))
END DO
END DO
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NOTE 8.12

The following program fragment contains a DO construct that uses the WHILE form of
loop-control. The loop will continue to execute until an end-of-file or input/output error is
encountered, at which point the DO statement terminates the loop. When a negative value of
X is read, the program skips immediately to the next READ statement, bypassing most of the
range of the loop.

READ (IUN, '(1X, G14.7)', IOSTAT = IOS) X
DO WHILE (IOS .EQ. 0)
IF (X .GE. 0.) THEN
CALL SUBA (X)
[ CALL SUBB (X)
CALL SUBZ (X)
ENDIF
READ (IUN, '(1X, G14.7)', IOSTAT = IOS) X
END} DO :

NOJTE 8.13
The following example behaves exactly the same as the one in Note 8:12” However, the READ
stafement has been moved to the interior of the range, so that only one READ statement is
nedded. Also, a CYCLE statement has been used to avoid an extrallevel of IF nesting.

DO ! A "DO WHILE + 1/2" loop

READ (IUN, ’(1X, G14.7)’, IOSTAT = IOS) X
IF (IOS .NE. 0) EXIT

IF (X < 0.) CYCLE

CALL SUBA (X)

CALL SUBB (X)

CALL SUBZ (X)

8.2

END DO

NQOTE 8.14
[Additional examples of DO constructs are in C.5.3.

ranching

Branchjng is used to altersthe normal execution sequence. A branch causes a transfer of coptrol
from ome statement in a-$coping unit to a labeled branch target statement in the same scoping unit.
A brarlch target statemént is an action-stmt, an if-then-stmt, an end-if-stmt, a select-case-stmf, an
end-select-stmt, a do~stmt, an end-do-stmt, a forall-construct-stmt, a do-term-action-stmt, a do-term-shared-stnt, or

a wherefconstruct=stmt.
It is pefmissible to branch to an END SELECT statement only from within its CASE construct

It is pefmissible to branch to an END IF statement only from within its IF 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 permissible to branch to a do-term-shared-stmt only from within its inner-shared-do-construct.

8.2.1 Statement labels

As
stat
stat

tatement label provides a means of referring to an individual statement. Only branch target
ements (8.2), FORMAT statements, and DO terminations shall be referred to by the use of
ement labels (3.2.4).
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8.2.2 GO TO statement
R836  goto-stmt is GO TO label

Constraint:  The label shall be the statement label of a branch target statement that appears in the
same scoping unit as the goto-stmt.

Execution of a GO TO statement causes a transfer of control so that the branch target statement
identified by the label is executed next.

8.2.3 Computed GO TO statement
R837 —goto= i it —

Consfraint: Each label in label-list shall be the statement label of a branch target statement that appears in|the same
scoping unit as the computed-goto-stmt.

The shme statement label may appear more than once in a label list.

1<=id=n where n is the number of labels in label-list, a transfer of control occurs so that the next statement executed is the
one iflentified by the ith label in the list of labels. If i is less than 1 or greater than n, the execution sequence coftinues as
though a CONTINUE statement were executed.

Execytion of a computed GO TO statement causes evaluation of the scalar integer expression. If this value is (qksuch that

8.2.4 Arithmetic IF statement

R838 arithmetic-if-stmt is  IF ( scalar-numeric-expr ) label, label , label

Constraint: Each label shall be the label of a branch target statement-that appears in the same scoping upit as the
arithmetic-if-stmt.
Coneraint: The scalar-numeric-expr shall not be of type complex¢

The game label may appear more than once in one arithmetic IF statement.

Execfition of an arithmetic IF statement causes evaluation of the)numeric expression followed by a transfer of coptrol. The
brangh target statement identified by the first label, the second' label, or the third label is executed next as the vdlue of the
num¢ric expression is less than zero, equal to zero, or gteater than zero, respectively.

8.3| CONTINUE statement
Exe¢ution of a CONTINUE statement’has no effect.
R83D  continue-stmt is CONTINUE

8.4 STOP statement
R84D  stop-stmt is STOP [ stop-code ]

R84]l  stop-code is scalar-char-constant
or digit [ digit [ digit [ digit [ digit]]]]
Corstraints. "~ scalar-char-constant shall be of type default character.

Exefution of a STOP statement causes termination of execution of the program. At thel time of

termination, the stop p ; = - Ing zero

digits in the stop code are not significant.
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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 adldition to the statements that transfer data, there are auxiliary input/output stafemfents to
manjpulate the external medium, or to describe or inquire about the properties of the €onneftion to
the eixternal medium.

The |input/output statements are the OPEN, CLOSE, READ, WRITE, PRINT, BACKSPACE,
ENDFILE, REWIND, and INQUIRE statements.

The READ statement is a data transfer input statement. The WRITE (statement and the|PRINT
statement are data transfer output statements. The OPEN statement.arid the CLOSE statemjent are
file [connection statements. The INQUIRE statement is a (file inquiry statement| The
BACKSPACE, ENDFILE, and REWIND statements are file positioning statements.

9.1 | Records

A reford is a sequence of values or a sequence of characters. For example, a line on a terrhinal is
usually considered to be a record. However, a record-does not necessarily correspond to a physical
entity. There are three kinds of records:
(1) Formatted

(2) Unformatted

(3) Endfile

NOTE 9.1

What is called a "record” in Fortran is commonly called a "logical record”. There is no cpncept
in Fortran of a "physical record.”

9.1.1 Formatted record

A formatted record 'consists of a sequence of characters that are capable of representatior| in the
procgssor; however, a processor may prohibit some control characters (3.1) from appearing in a
formptted record: The length of a formatted record is measured in characters and dppends
primarily on the number of characters put into the record when it is written. However, |it may
depend on the processor and the external medium. The length may be zero. Formatted fecords
may pbéread or written only by formatted input/output statements.

Formatted records may be prepared by means other than Fortran; for example, by some manual
input device.

9.1.2 Unformatted record

An unformatted record consists of a sequence of values in a processor-dependent form and may
contain data of any type or may contain no data. The length of an unformatted record is measured
in processor-dependent units and depends on the output list (9.4.2) used when it is written, as well
as on the processor and the external medium. The length may be zero. Unformatted records may
be read or written only by unformatted input/output statements.

133


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

ISO/IEC 1539-1:1997(E) _ © ISO/IEC

9.1.3 Endfile record

An endfile record is written explicitly by the ENDFILE statement; the file shall 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 record may occur only as the last record of a file. An endfile record does nothgve a
length property.

NOTE 9.2
Ar 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 thé.time an ENDFILE
stzt]enment is executed, so that it can take appropriate action when that position is reafhed
aghin during a read operation. The endfile record, however it is infplemented, is considered
to fexist for the BACKSPACE statement (9.5.1).

9.2 Files
A file {s a sequence of records.

There are two kinds of files:
() External
D) Internal

NOTE 9.3
[Edr more explanatory information on filés, see C.6.1. |

9.2.1 | External files

An exfernal file is any file that@xists in a medium external to the program.

At any given time, there is.a-processor-dependent set of allowed access methods, a procgssor-
depenglent set of allowed-forms, a processor-dependent set of allowed actions, and a proc¢ssor-
depenglent set of allowed Tecord lengths for a file.

NOTE 9.4
Ah example of a restriction on input/output statements (9.8) is that an input statement [shall
nat specify-that data are to be read from a printer.

A file mag/have a name; a file that has a name is called a named file. The name of a named file is
a character string. The set of allowabie names for a fite Ts processor deperdent:

An external file that is connected to a unit has a position property (9.2.1.3).

9.2.1.1 File existence

At any given time, there is a processor-dependent set of external files that are said to exist for a
program. A file may be known to the processor, yet not exist for a program at a particular time.

NOTE 9.5
Security reasons may prevent a file from existing for a program. A newly created file may
exist but contain no records.
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To create a file means to cause a file to exist that did not exist previously. To delete a file means to
terminate the existence 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, PRINT, or ENDFILE 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 files

may

method.

\

NOTE 9.6

have more than one allowed access method; other liles may be resiricted 10 One access

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.

The

the f

9.2.1.2.1

Whe|

9.2.

Whe

6

)

3

n connected for sequential access, an external file has the:following properties:

2.2 Direct dccess

n connected for direct access, an external file has the following properties:

nethod of accessing the file is determined when the file is connected to'a unit (9.3.2) or when
le is created if the file is preconnected (9.3.3).

Sequential access

The order of the records is the order in whi¢h they were written if the direct access
method is not a member of the set of allowéd)access methods for the file. If the direct
access method is also a member of the setlof 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 fqr direct
access. The second record accessiblé by sequential access is the record whosg record
number is 2 for direct access, etc. “A record that has not been written since the file was
created shall not be read.

The records of the file are either all formatted or all unformatted, except that the last
record of the file may bé-an endfile record. Unless the previous reference to|the file
was a data transfer output statement or a file positioning statement, the last rgcord, if
any, of the file shall:be an endfile record.

The records of. thé file shall not be read or written by direct access inputfoutput
statements.

(1) Each record of the file is uniquely identified by a positive integer called the record
number. The record number of a record is specified when the record is writte. Once
established, the record number of a record can never be changed. The ordef of the
records is the order of their record numbers.

NOTE 9.7

[A record may not be deleted; however, a record may be rewritten. |

2

3

The records of the file are either all formatted or all unformatted. If the sequential
access method is also a member of the set of allowed access methods for the file, its
endfile record, if any, is not considered to be part of the file while it is connected for
direct access. If the sequential access method is not a member of the set of allowed
access methods for the file, the file shall not contain an endfile record.

Reading and writing records is accomplished only by direct access input/output
statements.
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(4)  All records of the file have the same length.

®)

may be written into the file while it is connected to a unit. For example,
permissible to write record 3, even though records 1 and 2 have not been written.

©ISO/IEC

Records need not be read or written in the order of their record numbers. Any record

it is
Any

record may be read from the file while it is connected to a unit, provided that the

record has been written since the file was created.

(6) The records of the file shall not be read or written using list-directed formatting (10.8),

namelist formatting (10.9), or a nonadvancing input/output statement (9.2.1.3.1).

9.2.1.3 File position

Executipn of certain input/output statements affects the position of an external file. _Ce
circumgtances can cause the position of a file to become indeterminate.

The inririal point of a file is the position just before the first record. The terminal point is
positio
termindl point are the same position.

If a fild is positioned within a record, that record is the current record;otherwise, there i
current|record.

Let n b¢ the number of records in the file. If 1 <i<n and a file is positioned within the ith re
een the (i—1)th record and the ith record, the (i - 1 )th record is the preceding record. If
n21 and the file is positioned at its terminal point, the preceding record is the nth and last req
If n = 0|or if a file is positioned at its initial point or within ¢he first record, there is no prece
record.

If 1<i
(i + 1)t record is the next record. If n>1 and the*file is positioned at its initial point, the

or betw

record

(last) record, there is no next record.

9.2.1.31 Advancing and nonadvancing input/output

An advyancing input/output statemernit-always positions the file after the last record rea
written| unless there is an error condition.

A nonadvancing input/output stitement may position the file at a character position within
current|record, or a subsequent record (10.6.2). Using nonadvancing input/output, it is possib
read o write a record of.the file by a sequence of input/output statements, each accessij
portion| of the record. (It;i$ also possible to read variable-length records and be notified of
lengths

9.2.1.3.2 File position prior to data transfer

just after the last record. If there are no records in the file, the initial\point and

< n and a file is positioned within the ith record\er between the ith and (i + 1)th record

s the next record. If n=0 or if a file is pdsitioned at its terminal point or within the

rtain

the
the

5 Nno

cord

ord.
ding

the
first
nth

1 or

the
le to
g a
heir

The positioning of the file prior to data transfer depends on the method of access: sequentigl or

direct.

For sequential access on input, if there is a current record, the file position is not changed.
Otherwise, the file is positioned at the beginning of the next record and this record becomes the
current record. Input shall not occur if there is no next record or if there is a current record and the
last data transfer statement accessing the file performed output.

If the file contains an endfile record, the file shall not be positioned after the endfile record prior to
data transfer. However, a REWIND or BACKSPACE statement may be used to reposition the file.

For sequential access on output, if there is a current record, the file position is not changed and the
current record becomes the last record of the file. Otherwise, a new record is created as the next
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record of the file; this new record becomes the last and current record of the file and the file is
positioned at the beginning of this record.

For direct access, the file is positioned at the beginning of the record specified by the record
specifier. This record becomes the current record.

9.2.1.3.3 File position after data transfer

If an error condition (9.4.3) occurred, the position of the file is indeterminate. If no error condition
occurred, but an end-of-file condition (9.4.3) occurred as a result of reading an endfile record, the
file is positioned after the endfile record.

For ponadvancing input, if no error condition or end-of-file condition occurred, butan |end-of-
record condition (9.4.3) occurred, the file is positioned after the record just read.“)If fo 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 dn’a nonadyancing
output statement, the file position is not changed. In all other cases, the file/is’positioned gfter 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.

9.2.2

An internal file has the following properties:

1

@

)
3)

(4)

©)
(6)

Internal file properties

The file is a variable of default charactér'type that is not an array section with g 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 length is the
same as the length of the sealar character variable. If the file is a character arrpy, it is
treated as a sequence of(¢haracter array elements. Each array element, if apy, is a
record of the file. Theordering of the records of the file is the same as the orddring of
the array elements.in-the array (6.2.2.2) or the array section (6.2.2.3). Every refcord 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. If the number of
characters swritten in a record is less than the length of the record, the remaining
portion of the record is filled with blanks. The number of characters to be writtén shall
not exceed the length of the record.

A récord may be read only if the record is defined.

A'record of an internal file may become defined (or undefined) by means other fhan an
output statement. For example, the character variable may become defined by a
character assignment statement.

/)

(8)

©)

9.2.2.2

An internal file has the following restrictions:

Anmternal 1ile 15 always positioned at the beginning of the first record prior to data
transfer. This record becomes the current record.

On input, blanks are treated in the same way as for an external file opened with a
BLANK= specifier having the value NULL and records are padded with blanks if
necessary (9.4.4.4.2).

On list-directed output, character constants are not delimited (10.8.2).

Internal file restrictions
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(1) Reading and writing records shall be accomplished only by sequential access
formatted input/output statements that do not specify namelist formatting.

(2)  An internal file shall not be specified in a file connection statement, a file positioning
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.

R901  io-unit is external-file-unit
OF ¥
or internal-file-unit

R902 |external-file-unit is scalar-int-expr
R903 |internal-file-unit is default-char-variable
Constrdint:  The default-char-variable shall not be an array section with a vectot-subscript.

A unit |s either an external unit or an internal unit. An external unit is used to refer to an ext¢rnal
file and is specified by an external-file-unit or an asterisk. An internal unit’is used to refer o an
interna] file and is specified by an internal-file-unit.

If a chdracter variable that identifies an internal file unit is a pointér) it shall be associated. If the
character variable is an allocatable array or a subobject of such an array, the array shall be
currently allocated.

A scaldr integer expression that identifies an external file_init shall be zero or positive.

The io-unit in a file positioning statement, a file connection statement, or a file inquiry statement
shall be an external-file-unit.

The extternal unit identified by the value of .the scalar-int-expr is the same external unit in all
program units of the program.

NOTE 9.8
In|the example:

ROUTINE A
READ (6) X
SUBROUTINE B
N =6
REWIND N

the value 6 used in both program units identifies the same external unit.

An asferisk identifies particular processor-dependent external units that are preconnectel for
formatlted sequential access (9.4.4.2).

9.3.1 Unit existence

At any given time, there is a processor-dependent set of external units that are said to exist for a
program.

All input/output statements may refer to units that exist. The INQUIRE statement and the CLOSE
statement also may refer to units that do not exist.
9.3.2 Connection of a file to a unit

An external unit has a property of being connected or not connected. If connected, it refers to an
external file. An external unit may become connected by preconnection or by the execution of an
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OPEN statement. The property of connection is symmetric; if a unit is connected to a file, the file
is connected to the unit.

All input/output statements except an OPEN, a CLOSE, or an INQUIRE statement shall refer to a
unit that is connected to a file and thereby make use of or affect that file.
A file may be connected and not exist (9.2.1.1).

NOTE 9.9
An example is a preconnected external file that has not yet been written. l

not be
hge the

After an external unit has been disconnected by the execution of a CLOSE statement, it may be
conngcted again within the same program to the same file or to a different file.))After an gxternal
file Bas been disconnected by the execution of a CLOSE statement, it mayybe connected again
within the same program to the same unit or to a different unit.

NOTE 9.10

The only means of referencing a file that has been disconnected‘is by the appearanc¢ of its
name in an OPEN or INQUIRE statement. There may be 'no means of reconnecting an
unnamed file once it is disconnected.

An ipternal unit is always connected to the internal file{designated by the variable of default
character type that identifies the unit.

NOTE9.11
[ For more explanatory information on file connection properties, see C.6.3.

9.3.3 Preconnection

Preconnection means that the unit is~connected to a file at the beginning of execution| of the
program and therefore it may be specified in input/output statements without the prior expcution
of arf OPEN statement.

9.3.4 The OPEN statement

An QPEN 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
precpnnected, create a file and connect it to a unit, or change certain specifiers of a conpection
between a file and' a unit.

An dxternal-urnit may be connected by an OPEN statement in any program unit of a program and,
once| connected, a reference to it may appear in any program unit of the program.

If a tnitis connected to-afile that exists,execution of an OPEN statement for that unit is permitted.
If the FILE= specifier is not included in such an OPEN statement, the file to be connected to the
unit is the same as the file to which the unit is already connected.

If the file to be connected to the unit does not exist but is the same as the file to which the unit is
preconnected, the properties specified by an OPEN statement become a part of the connection.

If the file to be connected to the unit is not the same as the file to which the unit is connected, the
effect is as if a CLOSE statement without a STATUS= specifier had been executed for the unit
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 connected, only the
BLANK=, DELIM=, PAD=, ERR=, and IOSTAT= specifiers may have values different from those
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currently in effect. If the POSITION= specifier is present in such an OPEN statement, the value
specified shall not disagree with the current position of the file. If the STATUS= specifier is
included in such an OPEN statement, it shall be specified with a value of OLD. Execution of such
an OPEN statement causes any new value of the 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= specifiers from any previously executed OPEN statement
have no effect on any currently executed OPEN statement.

A STATUS= specifier with a value of OLD is always allowed when the file to be connected to the
unit is the same as the file to which the unit is connected. In this case, if the status of the file was
SCRAT; before—executionmof-the-OPEN-statement—the—file—will-stilt-be-deletec - e—tmit is
closed,| and the file is still considered to have a status of SCRATCH.

If a filq 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-éxpr

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
shall be the first item-in-the connect-spec-list.

Constriaint: Each specifier shall not appear more than once in a given open-stmf; an
external-file-unit -shall be specified.

int: The label uséd:in the ERR= specifier shall be the statement label of a branch farget
statement that appears in the same scoping unit as the OPEN statement.

If the $TATUS= specifier has the value NEW or REPLACE, the FILE= specifier shall be present. If
the STATUS= specifier has the value SCRATCH, the FILE= specifier shall be absent. If the
STATUS= specifier has the value OLD, the FILE= specifier shall be present unless the upit is
currently connected and the file connected to the unit exists.

Const

A spedifierthat requires a scalar-default-char-expr may have a limited list of character values. These
values are Iisted 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.

NOTE 9.12
An example of an OPEN statement is:

OPEN (10, FILE = 'employee.rnames’, ACTION = 'READ', PAD = 'YES')

NOTE9.13
IFor more explanatory information on the OPEN statement, see C.6.2.
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9.3.4.1 FILE= specifier in the OPEN statement

The value of the FILE= specifier is the name of the file to be connected to the specified unit. Any
trailing blanks are ignored. The file-name-expr shall be a name that is allowed by the processor. If
this specifier is omitted and the unit is not connected to a file, the STATUS= specifier shall be
specified with a value of SCRATCH]; in this case, the connection is made to a processor-dependent
file. If a processor is capable of representing letters in both upper and lower case, the
interpretation of case is processor dependent.

9.3.4.2 STATUS= specifier in the OPEN statement

The|scalar-default-char-expr shall evaluate to OLD, NEW, SCRATCH, REPLACE, or UNKNOWN. If
OLID is specified, the file shall exist. If NEW is specified, the file shall not exist.

Sucgessful execution of an OPEN statement with NEW specified creates the file;and ch ges the
statyis to OLD. If REPLACE is specified and the file does not already exist, thefile is created and
the status is changed to OLD. If REPLACE is specified and the file does exist, the file is deleted, a
new| file is created with the same name, and the status is changed to"OLD. If SCRATCH is
spedified, the file is created and connected to the specified unit for, Gse by the program but is
deleted at the execution of a CLOSE statement referring to the same Gnit or at the terminhtion of
the program.

NOTE 9.14

[SCRATCH shall not be specified with a named file. |
If KNOWN is specified, the status is processor depéndent. If this specifier is omitfed, the
default value is UNKNOWN.

9.3.4.3 ACCESS= specifier in the OPEN statement

The (scalar-default-char-expr shall evaluate to SEQUENTIAL or DIRECT. The ACCESS= dpecifier
spedifies the access method for the connection of the file as being sequential or direct. | If this
specifier is omitted, the default value-is'SEQUENTIAL. For an existing file, the specified access
method shall be included in the set-of allowed access methods for the file. For a new file, the
processor creates the file with a set-of allowed access methods that includes the specified mthod.

9.3.4.4 FORM= specifier.in-the OPEN statement

The |scalar-default-char-e¥pr shall evaluate to FORMATTED or UNFORMATTED. The FORM=
specifier determines whether the file is being connected for formatted or unfofmatted
inpyt/output. If this“specifier is omitted, the default value is UNFORMATTED if the file {s being
ected for direct access, and the default value is FORMATTED if the file is being conne¢ted for
sequential agcess. For an existing file, the specified form shall be included in the set of jllowed
fornis for the file. For a new file, the processor creates the file with a set of allowed forms that
inclydes ‘the specified form.

9.3.4.5 RECL= specifier in the OPEN statement

The value of the RECL= specifier shall 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 shall 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. When a record contains any nondefault characters, the appropriate value for the RECL=
specifier is processor dependent. 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=
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specifier shall 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 scalar-default-char-expr shall evaluate to NULL or ZERO. The BLANK= specifier is permitted
only for a file being connected for formatted input/output. If NULL is specified, all blank
characters in numeric formatted input fields on the specified unit are ignored, except that a field of
all blanks has a value of zero. If ZERO is specified, all blanks other than leading blanks are treated
as zeros. If this specifier is omitted, the default value is NULL.

9.3.4.7 | POSITION= specifier in the OPEN statement

The scalar-default-char-expr shall evaluate to ASIS, REWIND, or APPEND. The connection shalll be
for sequential access. A file that did not exist previously (a new file, either specified explicitly or
by defalt) is positioned at its initial point. REWIND positions an existing file at-its initial ppint.
APPEND positions an existing file such that the endfile record is the next record; if it has one. If
an exisfing file does not have an endfile record, APPEND positions the file at its terminal ppint.
ASIS leaves the position unchanged if the file exists and already is corinected. ASIS leaveg the
position unspecified if the file exists but is not connected. If this specifier is omitted, the default
value ig ASIS.

v

9.3.4.8| ACTION= specifier in the OPEN statement

The scajar-default-char-expr shall evaluate to READ, WRITE, or READWRITE. READ specifies| that
the WRITE, PRINT, and ENDFILE statements shall not réfer to this connection. WRITE spegifies
that READ statements shall not refer to this connection,"READWRITE permits any I/O statements
to refer to this connection. If this specifier is omitted; the default value is processor dependent. If
READWRITE is included in the set of allowable actions for a file, both READ and WRITE also ghall
be incliided in the set of allowed actions for that file. For an existing file, the specified action phall
be incliided in the set of allowed actions fot’the file. For a new file, the processor creates the file
with a pet of allowed actions that includes-the specified action.

9.3.4.9| DELIM= specifier in the OPEN statement

The scdlar-default-char-expr shall.evaluate to APOSTROPHE, QUOTE, or NONE. If APOSTRQPHE
is specjfied, the apostrophetshall be used to delimit character values written with list-direct¢d or
namelipt formatting and-all'internal apostrophes shall be doubled. If QUOTE is specified, the
quotation mark shall be tused to delimit character values written with list-directed or namelist
formatfing and all_internal quotation marks shall be doubled. If the value of this specifier is
NONE] a charactét-value when written shall not be delimited by apostrophes or quotation marks,
nor shall any ifiternal apostrophes or quotation marks be doubled. If this specifier is omitted, the
defaul{ valuéis NONE. This specifier is permitted only for a file being connected for formatted
input/putput. This specifier is ignored during input of a formatted record.

9.3.4.10 PAD-= specifier in the OPEN statement

The scalar-default-char-expr shall 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. If NO is specified, the input list and the
format specification shall not require more characters from a record than the record contains. If
this specifier is omitted, the default value is YES. This specifier is permitted only for a file being
connected for formatted input/output. This specifier is ignored during output of a formatted
record.

NOTE 9.15
[For nondefault character types, the blank padding character is processor dependent.
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9.3.5 The CLOSE statement

The CLOSE statement is used to terminate the connection of a specified unit to an external file.

Execution of a CLOSE statement that refers to a unit may occur in any program unit of a program
and need not occur in the same program unit as the execution of an OPEN statement referring to
that unit.

Execution of a CLOSE statement specifying a unit that does not exist or has no file connected to it
is permitted and affects no file.

After_a unit has been disconnected by execution of a CLOSE statement, it may be connected again
within the same program, either to the same file or to a different file. After a named file tll:ts been
discqnnected by execution of a CLOSE statement, it may be connected again within; same
progfam, either to the same unit or to a different unit, provided that the file still exists:

At tdrmination of execution of a program for reasons other than an error condition, all units that
are donnected are closed. Each unit is closed with status KEEP unless the file status prior to
termjnation of execution was SCRATCH, in which case the unit is closed with’'status DELE[E.

INOTE 9.16

The effect is as though a CLOSE statement without a STATUS= specifier were executed on
pach connected unit.

R907]  close-stmt is CLOSE ( close-spec-list-)

R90§  close-spec is [ UNIT = ] externalfile-unit
or IOSTAT = scaldr‘défault-int-variable
or ERR = label

or STATUS ="scalar-default-char-expr

Congtraint:  If the optional characters UNIT=re omitted from the unit specifier, the unit specifier
shall be the first item in the close-spec-list.

Congtraint: Each specifier shall not.‘%ppear more than once in a given close-sfynt; an
external-file-unit shall be-specified.

Congtraint: The label used in the ERR= specifier shall be the statement label of a branch target
statement that appears in the same scoping unit as the CLOSE statement.

The pcalar-default-char-expr has-a limited list of character values. Any trailing blanks are ignpred. If
a processor is capable of ‘representing letters in both upper and lower case, the value spegified is
withjout regard to case.

The [OSTAT= specifier and ERR= specifier are described in 9.4.1.4 and 9.4.1.5, respectively.

NOTE 9.17
An example of a CLOSE statement is:

CLOSE) (10, STATUS = 'KEEP')

OTEY.18
[For more explanatory information on the CLOSE statement, see C.6.4.

9.3.5.1 STATUS= specifier in the CLOSE statement

The scalar-default-char-expr shall evaluate to KEEP or DELETE. The STATUS= specifier determines
the disposition of the file that is connected to the specified unit. KEEP shall 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.
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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 Data transfer statements

The READ statement is the data transfer input statement. The WRITE statement and the PRINT
statement 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-item-list |
NOTE9.19

Expmples of data transfer statements are:

READ (6, *) SIZE
READ 10, A, B

WRITE (6, 10) A, S, J
PRINT 10, A, S, J

10| FORMAT (2E16.3, I5)

9.4.1 | Control information list

The io-rontrol-spec-list is a control information list that includes

1) A reference to the source or destination of-the data to be transferred,
P)  Optional specification of editing processes;

B)  Optional specification to identify a record,

#) Optional specification of exceptionthandling,

)  Optional return of status,

) Optional record advancing Specification, and

LN N AN SN S A~ A~

/) Optional return of number of characters read.
The coptrol information list governs the data transfer.

R912 | io-control-spec is [ UNIT = ] io-unit

or [ EMT =] 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
Ul SIZE - b(,ulul-dcﬁdut’i-iui'-uul iubl'c

or EOR = label

Constraint:  An io-control-spec-list shall contain exactly one io-unit and may contain at most one of
each of the other specifiers.

Constraint: An END=, EOR=, or SIZE= specifier shall not appear in a write-stmt.

Constraint:  The label in the ERR=, EOR=, or END= specifier shall 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 shall not be present if an input-item-list or an output-item-list is
present in the data transfer statement.
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Constraint:  An io-control-spec-list shall not contain both a format and a namelist-group-name.

Constraint:  If the optional characters UNIT= are omitted from the unit specifier, the unit specifier
shall be the first item in the control information list.

Constraint: If the optional characters FMT= are omitted from the format specifier, the format
specifier shall be the second item in the control information list and the first item
shall be the unit specifier without the optional characters UNIT=.

Constraint: If the optional characters NML= are omitted from the namelist specifier, the namelist
specifier shall be the second item in the control information list and the first item
shall be the unit specifier without the optional characters UNIT=.

Conptraint I the unit speciiier specilies an internal Iile, the i0-confrol-spec-list shall not cbntain a
REC= specifier or a namelist-group-name.
Conptraint: If the REC= specifier is present, an END= specifier shall not appear, a
namelist-group-name shall not appear, and the format, if any, shall riet be an [asterisk
specifying list-directed input/output.
Congtraint: An ADVANCE= specifier may be present only in a {formatted se juential
input/output statement with explicit format specification™ (10.1) whose |control
information list does not contain an internal file unit specifier.

Congtraint:  If an EOR= specifier is present, an ADVANCE= specifier also shall appear.

Congtraint:  If a SIZE= specifier is present, an ADVANCE-= specifier also shall appear.

A SIVE= specifier may be present only in an input statement that contains an ADVANCE-= gpecifier
with| the value NO.

An EOR= specifier may be present only in an inpgt statement that contains an ADVANCE=
specjfier with the value NO.

If the data transfer statement contains a format or namelist-group-name, the statement is a formatted
inpyt/output statement ; otherwise, it is an unformatted input/output statement.

In a|data transfer statement, the variable specified in an IOSTAT= or a SIZE= specifier, if anyy, shall
not |be associated with any entity\in the data transfer input/output list (9.42) or
namglist-group-object-list, nor with a dosvariable of an io-implied-do in the data transfer input output
list.

In a|data transfer statement, if @ variable specified in an IOSTAT= or a SIZE= specifier is ﬂn array
elemlent reference, its subscript values shall not be affected by the data transfer, the io-implied-do
procpssing, or the definition or evaluation of any other specifier in the io-control-spec-list.

For ﬂﬂe ADVANCE= specifier, the scalar-default-char-expr has a limited list of character valugs. Any
trailing blanks aré.ignored. If a processor is capable of representing letters in both upper and
lower case, the/Value specified is without regard to case.

INOTE 9.20
An example of a READ statement is:

FEAD (IOSTAT = IOS, UNIT = 6, FMT = '(10F8.2)') A, B

9.4.1.1 Format specifier

The FMT= specifier supplies a format specification or specifies list-directed formatting for a
formatted input/output statement.

R913  format is default-char-expr
or label
or *

Constraint:  The label shall be the label of a FORMAT statement that appears in the same scoping
unit as the statement containing the format specifier.
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The

default-char-expr shall evaluate to a valid format specification (10.1.1 and 10.1.2).
NOTE9.21

|A default-char-expr includes a character constant.

If default-char-expr is an array, it is treated as if all of the elements of the array were specified in
array element order and were concatenated.

If format is *, the statement is a list-directed input/output statement.

NOTE 9.22

Angxmpte-urwmdr&re-form-a-t-ira-dmmeter-e*pressiw. 9
READ (6, FMT = "(" // CHAR_FMT // ")* ) X, Y, Z
where CHAR_FMT is a default character variable.

9.4.
The

collectign of data objects on which transfer is to be performed.

Ifa

9.4.
The

1.2 [ Namelist specifier

NML= specifier supplies the namelist-group-name (5.4). This name identifies a spgcific

namelist-group-name is present, the statement is a namelist input/putput statement.

1.3| Record number

RE(= specifier specifies the number of the record that iS.to be read or written. This spedifier

may be|present only in an input/output statement that specifies a unit connected for direct acfess.
If the [control information list contains a REC= specifier, the statement is a direct adcess

input/output statement ; otherwise, it is a sequential-access input/output statement.

9.4.

1.4| Input/output status

Executibn of an input/output statement .containing the IOSTAT= specifier causes the var able

specified in the IOSTAT= specifier to become defined

146

(1) With a zero value if neither.an error condition, an end-of-file condition, nor an enfl-of-
record condition occurs;

(2) With a processor-dependent positive integer value if an error condition occurs,

(3) With a processor-dependent negative integer value if an end-of-file condition ogcurs
and no error eondition occurs, or

(4)  With a proessor-dependent negative integer value different from the end-of-file yalue
if an end:of-record condition occurs and no error condition or end-of-file condition
occurs,

NQOTE 9.23

Ax end-of-file condition may occur only during execution of a sequential input statement{and
an| eénd-of-record condition may occur only during execution of a nonadvancing ihput
staterment:

Consider the example:

READ (FMT = "(E8.3)", UNIT = 3, IOSTAT = IOSS) X
IF (IOSS < 0) THEN
| Perform end-of-file processing on the file connected to unit 3.
CALL END_PROCESSING
ELSE IF (IOSS > 0) THEN
! Perform error processing
CALL ERROR_PROCESSING

END IF
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9.4.1.5 Error branch
If an error condition (9.4.3) occurs during execution of an input/output statement that contains an
ERR= specifier

(1) Execution 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 becomes defined with a processor-dependent positive integer value,

(4) If the statement is a READ statement and it contains a SIZE= specifier, the variable

becomes defined with an infpgpr value (Q 41 Q), and

(5)  Execution continues with the statement specified in the ERR= specifier.

9.4.1.6 End-of-file branch
If an|end-of-file condition (9.4.3) occurs and no error condition (9.4.3) occurs.during execytion of
an input statement that contains an END= specifier

(1)  Execution of the input statement terminates,

(2)  If the file specified in the input statement is an external.file, it is positioned after the
endfile record,

(3) If the input statement also contains an IOSTAT=-Specifier, the variable specified
becomes defined with a processor-dependent negative integer value, and

(4)  Execution continues with the statement specified in the END= specifier.

9.4.1.7 End-of-record branch
If an|end-of-record condition (9.4.3) occurs and no error condition (9.4.3) occurs during execution
of an| input/output statement that contains an EOR= specifier

(1)  If the PAD= specifier has the value“YES, the record is padded with blanks to sat}sfy the
input list item (9.4.4.4.2) andycorresponding data edit descriptor that requires more
characters than the record contains,

(2)  Execution of the input statement terminates,
(3)  The file specified in the input statement is positioned after the current record,

(4) If the input statement also contains an IOSTAT= specifier, the variable specified
becomes defined with a processor-dependent negative integer value,

(5) If the input statement contains a SIZE= specifier, the variable becomes defined with an
integer valie (9.4.1.9), and

(6) Execution continues with the statement specified in the EOR= specifier.

9.4.1.8 Advance specifier

The bcalgr-default-char-expr shall evaluate to YES or NO. The ADVANCE= specifier detgrmines
whethernonadvancing input/output occurs for this input/output statement. If NO is sppcified,
nonadvancing input/output occurs. If YES is specified, advancing formatted sequential
input/output 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 in the SIZE= specifier
becomes defined with the count of the characters transferred by data edit descriptors during
execution of the current input statement. Blanks inserted as padding (9.4.4.4.2) are not counted.
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9.4.2 Data transfer input/output list
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An input/output list specifies the entities whose values are transferred by a data transfer
input/output statement.

R914

R915

R916
R917

R918

input-item is wvariable
or io-implied-do
output-item is expr
or io-implied-do
io-implied-do is ( io-implied-do-object-list , io-implied-do-control )
io-implied-do-object is input-item

or output-item

io-implied-do-control is do-variable = scalar-int-expr , B
W scalar-int-expr [, scalar-int-expr ]

Constrpint: A variable that is an input-item shall not be a whole assumed-size atray.

Constrpint:  The do-variable shall be a named scalar variable of type integer,

Constrpint: In an input-item-list, an io-implied-do-object shall be. <an input-item. In an

An inp

contai

output-item-list, an io-implied-do-object shall be an output-item.

s the input-item.

ut-item shall not appear as, nor be associated with, the dovariable of any io-implied-dq that

If an ihput item is a pointer, it shall be currently associated ‘with a definable target and datp are
transferred from the file to the associated target. If an ottput item is a pointer, it shall be currently
associ

ted with a target and data are transferred from-the target to the file.

NOTE 9.24

m

sh
is

PC

cal

Data transfers always involve the movement of values between a file and internal storag
inter as such cannot be read or written, A pointer may, therefore, appear as an item in an
put/output list if it is currently associated with a target that can receive a value (input) or
h deliver a value (output). A derived-type object with one or more pointer components
all not appear as an item in aninput/output list because the value of a pointer compgnent
a descriptor for a locationlin memory. As such, this has no processor-independent

Ic

bresentation.

b, A

If an input item or an output.item is an allocatable array, it shall be currently allocated.

The dg¢-variable of an io~implied-do that is in another io-implied-do shall not appear as, n
associgted with, the do-variable of the containing io-implied-do.

If an array appéars as an input/output list item, it is treated as if the elements, if any,
specifi
of any
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N(

DTE9.25

br be

were

pd in array element order (6.2.2.2). However, no element of that array may affect the yalue
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) ! Not allowed

READ *, A (LBOUND (A, 1) : UBOUND (A, 1)) ! Allowed

READ *, A (J) ! Allowed if no two elements
! of J have the same value

READ *, A (A (1) : A (10)) ! Not allowed
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A derived-type object shall not appear as an input/output list item if any component ultimately in
the object is not accessible within the scoping unit containing the input/output statement.

NOTE 9.26

An example is a structure accessed from a module within which its type is PUBLIC but its
components are PRIVATE.

If a derived type ultimately contains a pointer component, an object of this type shall not appear as
an input item nor as 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
statgment, it is treated as if all of the components of the object were specified in the same prder as
in the definition of the derived type.

NOTE 9.27
In a formatted input/output statement, edit descriptors are associated with effecEve list

items, which are always scalar and of intrinsic type. The rules in 9.4.2determine the set of
effective list items corresponding to each actual list item in the statepient. These rules may
have to be applied repetitively until all of the effective list items are scalar items of intrinsic

type.

An ipput/output list item of derived type in an unformatted input/output statement is treated as
a sirjgle value in a processor-dependent form.

INOTE 9.28
The appearance of a derived-type object as an imput/output list item in an unforimatted
input/output statement is not equivalent to the 1iSt of its components.

Unformatted input/output involving derived-type list items forms the single exception to the
rule that the appearance of an aggregate list item (such as an array) is equivalent| to the
pppearance of its expanded list of component parts. This exception permits the prpcessor
greater latitude in improving efficiency, or in matching the processor-dependent sequence of
values for a derived-type object to similar sequences for aggregate objects used by‘[ﬁleans
pther than Fortran. However, formatted input/output of all list items and unformatted

input/output of list items other than those of derived types adhere to the above rule.

For gn implied-DO, the loop initialization and execution is the same as for a DO construct (8}1.4.4).

An input/output list shall'not contain an item of nondefault character type if the inputfoutput
statement specifies an internal file.

INOTE 9.29
A constant, an- expression involving operators or function references, or an expjression
eniclosed inparentheses may appear as an output list item but shall not appear as an igtrut list
jtem.

INOTEN.30
An éxample of an output list with an implied-DO is:

WRITE (LP, FMT = '(10F8.2)') (LOG (A (I)), I =1, N+ 9, K), G

9.4.3 Error, end-of-record, and end-of-file conditions
The set of input/output error conditions is processor dependent.

An end-of-record condition occurs when a nonadvancing input statement attempts to transfer
data from a position beyond the end of the current record.

An end-of-file condition occurs in either of the following cases:
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(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, executlon of the input/ output statement termmates and if the mput/ output statement
contains-any-in : ariable < ] LIt
an errof COI’IdlthI’l occurs during execution of an input/output statement the position of the file
becomes indeterminate.

If an eror or end-of-file condition occurs on input, all input list items become undefined.

If an efd-of-record condition occurs during execution of a nonadvancing input-statement, the
followin)g 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 descrjptor that require more
charactdrs than the record contains; execution of the input statement terminates and if the imput
statemeht contains any implied-DOs, all of the implied-DO variables\ini the statement becpme
undefingd; and the file specified in the input statement is positioned after the current record.

Executipn of the program is terminated if an error condition‘occurs during execution of an
input/dutput statement that contains neither an IOSTAT= ngr an ERR= specifier, or if an end-of-
file condition occurs during execution of a READ statenient that contains neither an IOSTAT=
specifiet nor an END= specifier, or if an end-of-record“Condition occurs during execution fof a
nonadvpncing READ statement that contains neither an TOSTAT= specifier nor an EOR= speciffer.

9.4.4 |Execution of a data transfer input/oufput statement

The effect of executing a data transfer input/output statement shall be as if the following
operatigns were performed in the order specified:
(1) Determine the direction of ‘data transfer
() Identify the unit

3)  Establish the format.if one is specified

)
)

(4) Position the file prior to data transfer (9.2.1.3.2)
)

g

J

Transfer datd between the file and the entities specified by the input/output ligt (if
any) or namelist

(§) Determine whether an error condition, an end-of-file condition, or an end-of-rerord
condition has occurred

Position the file after data transfer (9.2.1.3.3)
Cause any variables specified in the IOSTAT= and SIZE= specifiers to become defirfed.

-

/

(8

9.4.4.1 Direction of data transfer

N—

Execution of a READ statement causes values to be transferred from a file to the entities specified
by the input list, if any, or specified 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 any, or by the namelist-group-name for namelist output.
Execution of a WRITE or PRINT statement for a file that does not exist creates the file unless an
error condition occurs.
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9.4.4.2 |dentifying a unit

A data transfer input/output statement that contains an input/output control list 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 shall be connected to a file when
exectition of the statement begins.

NOTE 9.31
The file may be preconnected.

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
namdlist-group-name is specified, unformatted data transfer is establishéd. 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-oOrder.

On gutput, if an internal file has been specified, a format ‘specification that is in the file or is
asso¢iated with the file shall not be specified.

9.4.4.4 Data transfer

Data are transferred between records and entities specified by the input/output list or namelist.
The list items are processed in the order of the input/output list for all data transfer inputfoutput
statefnents except namelist formatted data‘transfer statements. The next item to be procgssed in
the list is called the next effective item.” Zero-sized arrays and implied-DO lists with iferation
courfts of zero are ignored in determining the next effective item. A scalar character item|of zero
character length is treated as an .effective item. The list items for a namelist input statement are
procgssed in the order of the:éntities specified within the input records. The list items for a
namelist output statement dre)processed in the order in which the data objects (variables) are
specified in the namelist-group-object-list.

All yalues needed to(determine which entities are specified by an input/output list iem are
determined at the beginning of the processing of that item.

All yalues are transmitted to or from the entities specified by a list item prior to the processing of
any pucceeding list item for all data transfer input/output statements.
INOTE 9.32

[ndthe example,

READ (N) N, X (N)

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
transmitted to the matching entity specified in the namelist-group-object-list prior to processing any
succeeding entity within the input record for namelist input statements. If an entity is specified
more than once within the input record during a namelist formatted data transfer input statement,
the last occurrence of the entity specifies the value or values to be used for that entity.

An input list item, or an entity associated with it, shall not contain any portion of an established
format specification.
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If the input/output item is a pointer, data are transferred between the file and the associated
target.

If an internal file has been specified, an input/output list item shall not be in the file or associated
with the file.

NOTE 9.33
| The file is a data object. |

A DO variable becomes defined and its iteration count established at the beginning of processing
of the items that constitute the range of an io-implied-do.

On output, every entity whose value is to be transferred shall be defined.

9.4.4.4]1 Unformatted data transfer

During| unformatted data transfer, data are transferred without editing between the current r¢cord
and thg entities specified by the input/output list. Exactly one record is read érywritten.

Objectq of intrinsic or derived types may be transferred by means of an unifermatted data trapsfer
statement.

On inpjt, the file shall be positioned so that the record read is an ynformatted record or an erjdfile
record.| The number of values required by the input list shall be less than or equal to the number
of values in the record. Each value in the record shall be of thie'same type as the corresporlding
entity jn the 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
correspgonding entities shall be the same.

NOTE 9.34
If an entity in the input list is of type charactet;the character entity shall have the same lepgth
an{l the same kind type parameter as the character value. Also, if two real values correspond
to lone complex entity or one complex value corresponds to two real entities, all three ghall
haye the same kind type parameter value.

On outjput to a file connected for unformatted direct access, the output list shall not specify more
values [than can fit into the record.\J the file is connected for direct access and the values spe¢ified
by the putput list do not fill the.récord, the remainder of the record is undefined.

If the [file is connected for\unformatted sequential access, the record is created with a lgngth
sufficignt to hold the yalues from the output list. This length shall be one of the set of allpwed
record [lengths for the file and shall not exceed the value specified in the RECL= specifier, if aly, of
the OPEN statemenit that established the connection.

If the file is coninected for formatted input/output, unformatted data transfer is prohibited.
The ur]it specified shall be an external unit.

9.44.4. ormattfed dafa fransfer

During formatted data transfer, data are transferred with editing between the file and the entities
specified by the input/output list or by the namelist-group-name, if any. Format control is initiated

and editing is performed as described in Section 10. The current record and possibly additional
records are read or written.

Values may be transferred by means of a formatted data transfer statement to or from objects of
intrinsic or derived types. In the latter case, the transfer is in the form of values of intrinsic types
to or from the components of intrinsic types that ultimately comprise these structured objects.
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On input, the file shall be positioned so that the record read is a formatted record or an endfile
record.

If the file is connected for unformatted input/output, formatted data transfer is prohibited.

During advancing input from a file whose PAD= specifier has the value NO, the input list and
format specification shall not require more characters from the record than the record contains.

During advancing input from a file whose PAD= specifier has the value YES, or during input from
an internal file, blank characters are supplied by the processor if the input list and format
specification require more characters from the record than the record contains.

During nonadvancing input from a file whose PAD= specifier has the value NO, an end+of-record
condition (9.4.3) occurs if the input list and format specification require more characters from the
recofd than the record contains.

During nonadvancing input from a file whose PAD= specifier has the value YES,an end-of-record
condition occurs and blank characters are supplied by the processor if ah“input item |and its
corrgsponding data edit descriptor require more characters from the reeord than the| record
contpins.

If the file is connected for direct access, the record number is increased by one as each succeeding
record is read or written.

On gutput, 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 recdrd.

On ¢utput, the output list and format specification shallnot specify more characters for 4 record
tharf have been specified by a RECL= specifier in the OPEN statement or the record length of an
intefnal file.

9.4.4.5 Llist-directed formatting
If list-directed formatting has been established, editing is performed as described in 10.8.

9.4.4.6 Namelist formatting

If ngmelist formatting has been éstablished, editing is performed as described in 10.9.

9.4.5 Printing of formatted records

The fransfer 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 femaining characters of the record, if any, are printed in one line beginning at the left njargin.

The (first chdracter of such a record shall be of default character type and determines ertical
spacing 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 characters in the record, the vertical spacing is one line and no characters other than
blank are printed in that line.

The PRINT statement does not imply that printing will occur, and the WRITE statement does not
imply that printing will not occur.
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9.4.6 Termination of data transfer statements
Termination of an input/output data transfer statement occurs when any of the following
conditions are met:

(1) Format processing encounters a data edit descriptor and there are no remaining
elements in the input-item-list or output-item-list.

(2) Unformatted or list-directed data transfer exhausts the input-item-list or output-item-list.
(3) Namelist output exhausts the namelist-group-object-list.

(4) An error condition occurs.

5 An end-of-file condition occurs.

(6] A slash (/) is encountered as a value separator (10.8,10.9) in the record being fead
during list-directed or namelist input.

(7} An end-of-record condition occurs during execution of a nonadvancing irfput
statement (9.4.3).

9.5 Fjle positioning statements

R919  packspace-stmt is BACKSPACE external-file-unit
or BACKSPACE ( position-spec-list-)
R920 pndfile-stmt is ENDFILE external-file-unit
or ENDFILE ( position-spéc-list )
R921  |rewind-stmt is REWIND external<ile<unit

or REWIND ( position-spec-list )

A file that is not connected for sequential access shall not be referred to by a BACKSPACE, an
ENDFILE, or a REWIND statement. A file that:is'connected with an ACTION= specifier haying
the value READ shall not be referred to by an ENDFILE statement.

R922  [position-spec is [ UNIT = ] external-file-unit
or JIOSTAT = scalar-default-int-variable
or ERR = Iabel

Constrgint: The label in the ERR= specifier shall be the statement label of a branch tgrget
statement that appears in the same scoping unit as the file positioning statement

Constrdint:  If the optional.characters UNIT= are omitted from the unit specifier, the unit speq ifier
shall be the first item in the position-spec-list.

Constrdint: A positien=spec-list shall contain exactly one external-file-unit and may contain at nost
one of ‘each of the other specifiers.

The IO$TAT= and ERR= specifiers are described in 9.4.1.4 and 9.4.1.5, respectively.

9.5.1 |BACKSPACE statement

Execution of a BACKSPACE statement causes the file connected to the specified unit to be
positioned before the current record if there is a current record, or before the preceding record if
there is no current record. If there is no current record and no preceding record, the position of the
file is not changed.

NOTE 9.35
[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 an endfile record, the file is positioned
before the record that precedes the endfile record.

Backspacing a file that is connected but does not exist is prohibited.
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Backspacing over records written using list-directed or namelist formatting is prohibited.

NOTE 9.36
An example of a BACKSPACE statement is:

BACKSPACE (10, ERR = 20)

9.5.2 ENDFILE statement

Execution of an ENDFILE statement writes an endfile record as the next record of the file. The file
is then positioned after the endfile record which becomes the last record of the file. If the file also
may i - i idered to
have| been written. Thus, only those records may be read during subsequent direct| access
conngctions to the file.

Aften execution of an ENDFILE statement, a BACKSPACE or REWIND statement’shall be ised to
repogition the file prior to execution of any data transfer input/output statément or ENDFILE
statement.

Exectition of an ENDFILE statement for a file that is connected but doés not exist creates fthe file
prion] to writing the endfile record.

NOTE 9.37
An example of an ENDFILE statement is:

ENDFILE K

9.5.3 REWIND statement

Execpition of a REWIND statement causes the spectified file to be positioned at its initial point.

NOTE 9.38

If the file is already positioned at its initial point, execution of this statement has no effect on
the position of the file.

Execpition of a REWIND statement £6r a file that is connected but does not exist is permitted and
has 1jo effect.

NOTE 9.39
An example of a REWIND statement is:

REWIND 10

9.6 | File inquiry

The INQUIRE-statement may be used to inquire about properties of a particular named file or of
the donnection to a particular unit. There are three forms of the INQUIRE statement: inqpire by
file, which uses the FILE= specifier, inquire by unit, which uses the UNIT= specifier, and inqui
by o stk _ frer i :
performed according to the rules for assignment statements.

An INQUIRE statement may be executed before, while, or after a file is connected to a unit. All
values assigned by an INQUIRE statement are those that are current at the time the statement is
executed.

R923  inquire-stmt is INQUIRE ( inquire-spec-list )
or INQUIRE ( IOLENGTH = scalar-default-int-variable ) B
W output-item-list
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NOTE 9.40
Examples of INQUIRE statements are:

INQUIRE (IOLENGTH = IOL) A (1:N)
INQUIRE (UNIT = JOAN, OPENED = LOG_01, NAMED = LOG.02, &
FORM = CHAR_VAR, IOSTAT = IOS)

NOTE 9.41
[For more explanatory information on the INQUIRE statement, see C.6.5. |

9.6.1 |Inquiry specifiers

Unless [constrained, the following inquiry specifiers may be used in either of the inquiré by file or
inquire|by unit forms of the INQUIRE statement:

R924 |inquire-spec is [ UNIT = ] external-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 = scular-default-char-variable

or FORM = scglar-default-char-variable

or FORMATTED = scalar-default-char-variable
or UNFORMATTED = scalar-default-char-variable
or RECE'= 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

Constraint:  An inquire-spec-list shall contain one FILE= specifier or one UNIT= specifier, but not
both, and at most one of each of the other specifiers.

e INQUIRE state

hint:, In the inquire by unit form of th ment, if the optional characters

m 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 IOSTAT= and ERR= specifiers are described in 9.4.1.4 and 9.4.1.5, respectively.
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9.6.1.1 FILE= specifier in the INQUIRE statement

The value of the file-name-expr in the FILE= specifier specifies the name of the file being inquired
about. The named file need not exist or be connected to a unit. The value of the file-name-expr shall
be of a form acceptable to the processor as a file name. Any trailing blanks are ignored. If a
processor is capable of representing letters in both upper and lower case, the interpretation of case
is processor dependent.

9.6.1.2 EXIST= specifier in the INQUIRE statement

Execution of an INQUIRE by file statement causes the scalar-default-logical-vari i EXIST=
spedifier to be assigned the value true if there exists a file with the specified name; otherwise, false
is agsigned. 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

Exeqution of an INQUIRE by file statement causes the scalar-default-logical-bariable in the OJENED=
spedifier to be assigned the value true if the file specified is connected fo a unit; otherwise| false is
assigned. Execution of an INQUIRE by unit statement causes the scaldz-default-logical-variaple to be
assigned the value true if the specified unit is connected to a file; Gtherwise, false is assignpd.

9.6.].4 NUMBER= specifier in the INQUIRE statement

The (scalar-default-int-variable in the NUMBER= specifier is’assigned the value of the exterpal unit
iderttifier of the unit that is currently connected to the-file. If there is no unit connected tol|the file,
the Yalue -1 is assigned.

9.6.1.5 NAMED= specifier in the INQUIRE statement

The [scalar-default-logical-variable in the NAMED-= specifier is assigned the value true if the flle has a
name; otherwise, 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 9.42
Iif this specifier appears in an INQUIRE by file statement, its value is not necessarily tHe same

as the name given in the FILE= specifier. However, the value returned shall be suitable for
se as the value of the file-name-expr in the FILE= specifier in an OPEN statement.

The processor may return a file name qualified by a user identification, device, directory, or
fother relevant information.

If a|prdcessor is capable of representing letters in both upper and lower case, the cas¢ of the
charactersassigned to scalar-defauli-char-variable 15 processor dependent.

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
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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 DIRECT= specifier in the INQUIRE statement

The scalar-default-char-variable in the DIRECT= specifier is assigned the value YES if DIRECT is
included in the set of allowed access methods for the file, NO if DIRECT 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 DIRECT is included in the set of allowed access methods for the file.

9.6.1.10 FORM-= specifier in the INQUIRE statement

The scalar-default-char-variable in the FORM= specifier is assigned the value FORMATTER if the file
is conngcted for formatted input/output, and is assigned the value UNFORMATTED. if the file is
connected for unformatted input/output. If there is no connection, it is assigned the value
UNDEHINED.

9.6.1.11 FORMATIED= specifier in the INQUIRE statement

The scqlar-default-char-variable in the FORMATTED= specifier is (assigned the value YHS if
FORMATTED is included in the set of allowed forms for the file;) NO if FORMATTED ig not
includeld in the set of allowed forms for the file, and UNKNOWN if the processor is unable to
e whether or not FORMATTED is included in the set of-allowed forms for the file.

UNFORMATTED= specifier in the INQUIRE statement

The scqlar-default-char-variable in the UNFORMATTED= specifier is assigned the value YIS if
UNFORMATTED is included in the set of allowed forms for the file, NO if UNFORMATTED i$ not
included in the set of allowed forms for the file, 'and UNKNOWN if the processor is unable to

The scalar-default-int-variable in the RECL= specifier is assigned the value of the record lengthj of a
file connected for direct access, orthe value of the maximum record length for a file connectedl for
sequential access. If the file is 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
connected for unformattéd)input/output, the length is measured in processor-dependent unifs. If
there i§ no connection,‘the scalar-default-int-variable becomes undefined.

9.6.1.1 NEXTREC= specifier in the INQUIRE statement

The scqlar-default-int-variable in the NEXTREC= specifier is assigned the value n + 1, where n is the
record jnutnbér 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.

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.

158


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

©ISO/IEC ISO/IEC 1539-1:1997(E)

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 positioning before its endfile record or at its terminal point, and ASIS if the file is
connected without changing its position. If there is no connection or if the file is connected for
direct access, the scalar-default-char-variable is assigned the value UNDEFINED. If the file has been
repositioned since the connection, the scalar-default-char-variable is assigned a processor-dependent
value, which shall not be REWIND unless the file is positioned at its initial point and shall not be
APPEND unless the file is positioned so that its endfile record is the next record or at its terminal

3 AT N Jd61 |
pom I I Ias o Crnmammme—TIeCoOTraT

9.6.1.17 ACTION= specifier in the INQUIRE statement

The $calar-default-char-variable in the ACTION= specifier is assigned the value READ if the file is
conngcted for input only, WRITE if the file is connected for output only, and READWRITH if it is
conngcted for both input and output. If there is no connection, the scalar:default-char-vatiable is
assigned the value UNDEFINED.

9.6.1.18 READ= specifier in the INQUIRE statement

The [scalar-default-char-variable in the READ= specifier is assigned the value YES if READ is
included in the set of allowed actions for the file, NO if READ!s not included in the set of gllowed
actiops for the file, and UNKNOWN if the processor is unable’to determine whether or nof READ
is in¢luded in the set of allowed actions for the file.

9.6.1.19 WRITE= specifier in the INQUIRE statement

The [scalar-default-char-variable in the WRITE= specifier is assigned the value YES if WRITE is
included in the set of allowed actions for the file; NO if WRITE is not included in the set of gllowed
actiops for the file, and UNKNOWN if the processor is unable to determine whether or not WRITE
is in¢luded in the set of allowed actions for the file.

9.6.1.20 READWRITE= specifier in‘the INQUIRE statement

The |scalar-default-char-variable~jiv' the READWRITE= specifier is assigned the value [YES if
READWRITE is included in“the set of allowed actions for the file, NO if READWRITH is not
inclyded in the set of allowed actions for the file, and UNKNOWN if the processor is urfable to
detefmine whether ormot READWRITE is included in the set of allowed actions for the file.

9.6.1.21 DELIM=specifier in the INQUIRE statement

The pcalar-default-char-variable in the DELIM= specifier 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 quetation 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.

9.6.1.22 PAD= specifier in the INQUIRE statement

The scalar-default-char-variable in the PAD= specifier is assigned the value NO if the connection of
the file to the unit included the PAD= specifier and its value was NO. Otherwise, the
scalar-default-char-variable is assigned the value YES.

159


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

ISO/IEC 1539-1:1997(E)

9.6.2

Restrictions on inquiry specifiers

© ISO/IEC

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, shall not appear in another specifier in the same INQUIRE
statement.

The inquire-spec-list in an INQUIRE by file statement shall contain exactly one FILE= specifier and
shall not contain a UNIT= specifier. The inquire-spec-list in an INQUIRE by unit statement shall
contain exactly one UNIT= specifier and shall 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 and about the file connected.

9.6.3

The in{

Inquire by output list

specifi¢r, and includes only an IOLENGTH= specifier and an output list.

The sc

value

unform

list.

9.7

A fung

Restrictions on function references and list items

such a|reference causes another input/output statement-to be executed.
NOTE 9.43

juire by output list form of the INQUIRE statement does not include a FILE= or UNIT=

ilar-default-int-varigble in the IOLENGTH= specifier is assigned the ;pfocessor-deperident
value that would result from the use of the output list in an unformatted-output statement.

The

bhall be suitable as a RECL= specifier in an OPEN statement_ that connects a file for
latted direct access when there are input/output statements with the same input/oyitput

tion reference shall not appear in an expression anywhere in an input/output statemént if

|Restricti0ns in the evaluation of expressions{7.1.7) prohibit certain side effects.

9.8

If a un]

Restriction on input/output statements

of certain input/output statements( those statements shall not refer to the unit.
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Section 10: Input/output editing

A format used in conjunction with an input/output statement provides information that directs
the editing between the internal representation of data and the characters of a sequence of
formatted records.

A format specrﬁer (94.1.1) in an mput / output statement may refer toa FORMAT statement ortoa
chara 8 : e v explicit
editing information. The format spec1f1er also may be an asterrsk (*) whrch mdlcates hst-dlrected
formatting (10.8). Instead of a format specifier, a namelist-group-name may be specifiedd which
indjcates namelist formatting (10.9).

10. Explicit format specification methods

Explicit format specification may be given
(1) In a FORMAT statement or
(2) Ina character expression.

10.].1 FORMAT statement

R10P1 format-stmt is FORMAT format-specification
R10D2  format-specification is ([ format-itein-list ] )
Constraint:  The format-stmt shall be labeled.

Confstraint:  The comma used to separate forinat-items in a format-item-list may be omitted

(1) Between a P edit descriptor and an immediately following F, E, EN, ES, D, of G edit
descriptor (10.6.5),

(2)  Before a slash edit deseriptor when the optional repeat specification is not|present
(10.6.2),

(38)  After a slash edit des¢riptor, or
(4) Before or after a colon edit descriptor (10.6.3)
Blank characters may_precede the initial left parenthesis of the format specification. Additional

blarfk characters may.appear at 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).

NOTE 10.1
Examples of FORMAT statements are:

5 FORMAT (1lPE12.4, I1l0)
9 FORMAT (Il2, /, ' Dates: ', 2 (2I3, I5))

10.1.2 Character format specification
A character expression used as a format specifier in a formatted input/output statement shall
evaluate to a character string whose leading part is a valid format specification.

NOTE 10.2
t['he 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
shall be defined at the time the input/output statement is executed, and shall not become
redefined or undefined during the execution of the statement. Character positions, if any,
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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.

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 shall be entirely within that array

element.

NOTE 10.3

fo

and

2

100

the

delifnited with apostrophes, two apostrophes shall be written to delimit the edit descrip

desqriptor. For example, the text:

mayf be written by various combinations of output statements and format specifications:

Dou

usinpg apostrophes as delimiters.

Tf a character constant is used as a format specifier in an input/output statement, care shall be
taken that the value of the character constant is a valid format specification. In particular, if a

at speciication elimite y

four apostrophes shall be written for each apostrophe that occurs within (the ¢

[SN'T 3

WRITE (6, 100) 2, 3
FORMAT (1X, I1, 1X, 'ISN''T’', 1X, Il)

WRITE (6, '(1x, I1, 1Xx, ''ISN''''T'', 1X, Il1)') 2,'3

WRITE (6, '(A)') ' 2 ISN''T 3°'

format specification and doubling of internal quotation marks usually can be avoided

bling of internal apostrophes usually can be avoideddby using quotation marks to deljmit

tor
tor
edit

by

10.2
R1003

R1004
Constra
Constral

The intgger literal constant r is called a repeat specification.

10.2.1

An edit
descrip]

R1005

162

format-item is [ r ] datasedit-desc

Form of a format item list

or controlledit-desc

or char-string-edit-desc

or, [r ] ( format-item-list )

r is’ int-literal-constant

int: 7 shall be positive.

fint: 7 shall not have'a kind parameter specified for it.

Edit descriptors

descriptor is a data edit descriptor, a control edit descriptor, or a character string
for,

edit

data-edit-desc is 1w, /]
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 A[lw]
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or Dw.d
R1006 w is int-literal-constant
R1007 m is int-literal-constant
R1008 4 is int-literal-constant
R1009 e is int-literal-constant

Constraint: e shall be positive.
Constraint:  w shall be zero or positive for the I, B, O, Z, and F edit descriptors. w shall be

s £ H o P ETRS | 34
PUDILLVC 1UL dlil ULLICTI TUIU UCD\_LIYI.ULD-

Constraint:  w, m, d, and e shall not have kind parameters specified for them.
LB, O,Z EE, EN,ES, G, L, A, and D indicate the manner of editing.

R101p control-edit-desc is position-edit-desc

or [r]/

or :

or sign-edit-desc

or kP

or blank-interp-edit-desc
R101L & is signed-int-literal-constant
Constraint:  k shall not have a kind parameter specified for it-
R101R position-edit-desc is Tn

or TLn

or TRn

or nX
R101B n is int-literal-constant

Congdtraint: 7 shall be positive.

Congtraint: 7 shall not have a kind parameter specified for it.

R1014  sign-edit-desc is S
or SP
or SS

R101p blank-interp-edit-desc is BN
or BZ

In kH k is called the.scale factor.
T, Tll, TR, X, slash, colon, S, SP, SS, P, BN, and BZ indicate the manner of editing.

R1016 char-string-edit-desc is char-literal-constant

Congdtraint:  The char-literal-constant shall not have a kind parameter specified for it.

Each rep-char in a character string edit descriptor shall 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 for
input.

Within a character literal constant, appearances of the delimiter character itself, apostrophe or
quote, shall be as consecutive pairs without intervening blanks. Each such pair represents a single
occurrence of the delimiter character.

If a processor is capable of representing letters in both upper and lower case, the edit descriptors
are without regard to case except for the characters in the character constants.
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10.2.2 Fields

A field is a part of a record that is read on input or written on output when format control
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

(L) The next edit descriptor in the format specification and
(R) The next effective item in the input/output list, if one exists.

If an irjput/output list specifies at least one effective list item, at least one data edit descriptor|shall
exist ir) the format specification.

NQTE 10.4
AT empty format specification of the form () may be used only if the input/output list has no
effective list items (9.4.4.4). Zero length character items are effective list items, but zero $ized
arfays and implied-DO lists with an iteration count of zero are not:

Excepf for a format item preceded by a repeat specification 7, a, fermat specification is interpreted
from left to right.

A format item preceded by a repeat specification is processed as a list of r items, each identifal to
the fonmat item but without the repeat specification and separated by commas.

NOTE 10.5
A4\ omitted repeat specification is treated in-the same way as a repeat specification whose
v

lue is one.

To each data edit descriptor interpreted in‘a@ format specification, there corresponds one eff¢ctive
item gpecified by the input/output list(9.4.2), except that an input/output list item of| type
complex requires the interpretation of\two F, E, EN, ES, D, or G edit descriptors. For each cgntrol
edit descriptor or character editcdescriptor, there is no corresponding item specified by the
input/|output list, and format ¢ontrol communicates information directly with the record.

Whengver format control encounters a data edit descriptor in a format specification, it determines
whether there is a corresponding effective item specified by the input/output list. If there ig such
an iterp, it transmits appropriately edited information between the item and the record, and then
format control proceeds. If there is no such item, format control terminates.

If format control\encounters a colon edit descriptor in a format specification and another eff¢ctive
input/Joutput list item is not specified, format control terminates.

If format control encounters the rightmost parenthesis of a complete format specificatior] and
anothereffective input/output list item is not specified, format control terminates However, if
another effective input/output list item is specified, the file is positioned in a manner identical to
the way it is positioned when a slash edit descriptor is processed (10.6.2). Format control then
reverts to the beginning of the format item terminated by the last preceding right parenthesis. If
there is no such preceding right parenthesis, format control reverts to the first left parenthesis of
the format specification. If any reversion occurs, the reused portion of the format specification
shall contain at least one data edit descriptor. If format control reverts to a parenthesis that is
preceded by a repeat specification, the repeat specification is reused. Reversion of format control,
of itself, has no effect on the scale factor (10.6.5.1), the sign control edit descriptors (10.6.4), or the
blank interpretation edit descriptors (10.6.6).
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NOTE 10.6

997(E)

Example: The format specification:

10 FORMAT (1X, 2(F10.3, I5))

with an output list of

WRITE (10,10) 10.1, 3, 4.7, 1, 12.4, 5, 5.2, 6
produces the same output as the format specification:

10 FORMAT (1X, F10.3, I5, F10.3, I5/F10.3, I5, F10.3, I5)

10.4 Positioning by format control

After each data edit descriptor or character string edit descriptor is processed, thefile is pdsitioned

after the last character read or written in the current record.

Aftgr each T, TL, TR, or X edit descriptor is processed, the file is positioned’as described ih 10.6.1.

Aftgr 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‘thanner identical to the way

it is|positioned when a slash edit descriptor is processed (10.6.2).

Durjng a read operation, any unprocessed characters of the ¢utrent record are skipped whenever

the next record is read.

10.p Data edit descriptors

Data edit descriptors cause the conversion of-'data to or from its internal represe
Characters in the record shall be of default.kind if they correspond to the value of a 1

ntation.
umeric,

logital, or default character data entity, and shall be of nondefault kind if they correspon{ to the

valye of a data entity of nondefault character type. Characters transmitted to a record as

a result

of processing a character string edit descriptor shall be of default kind. On input, the SEecified
0

varipble becomes defined unless an(error condition, an end-of-file condition, or an end-
condlition occurs. On output, théspecified expression is evaluated.

10.5.1 Numeric editing

The(l, B, O, Z, F, E, EN, ES, D, and G edit descriptors may be used to specify the input/of
integer, real, and complex data. The following general rules apply:

(1) On input, leading blanks are not significant. The interpretation of blanks, oth
ledding blanks, is determined by a combination of any BLANK= specifier (9.3.
default for a preconnected or internal file, and any BN or BZ blank control
currently in effect for the unit (10.6.6). Plus signs may be omitted. A field cor
only blanks is considered to be zero.

{2 O3 with-E - E _ENL_EC 1) A C adit

-record

hitput of

er than
1.6), the
that is
ptaining

. . g . 1 ., . s 1
=) Or-npat-with NS Drand-G eattimng;aaecmrar pomtappearnarg T tt

e input

field overrides the portion of an edit descriptor that specifies the decimal point
location. The input field may have more digits than the processor uses to approximate
the value of the datum.

(3)  On output with I, E E, EN, ES, D, and G editing, the representation of a positive or
zero internal value in the field may be prefixed with a plus, as controlled by the S, SP,
and SS edit descriptors or the processor. The representation of a negative internal
value in the field shall be prefixed with a minus.

(4)  On output, the representation is right-justified in the field. If the number of characters

produced by the editing is smaller than the field width, leading blanks are inserted in
the field.
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(5) On output, if the number of characters produced exceeds the field width or if an
exponent exceeds its specified length using the Ew.dEe, ENw.dEe, ESw.dEe, or Gw.dEe
edit descriptor, the processor shall fill the entire field of width w with asterisks.
However, the processor shall not produce asterisks if the field width is not exceeded
when optional characters are omitted.

NOTE 10.7
[When an SP edit descriptor is in effect, a plus is not optional. |

(6) On output, with [, B, O, Z, and F editing, the specified value of the field width w may
be zero. In such cases, the processor selects the smallest positive actual field width that
does not result in a Reld Hlled with asterisks. The specified value of W shall ot be Zero
on input.

10.5.1.1| Integer editing

The Iw, Iw.m, Bw, Bw.m, Ow, Ow.m, Zw, and Zw.m edit descriptors indicate that the field to be edited
occupieq w positions, except when w is zero. When w is zero, the processor sele¢ts-the field width.
On input, w shall not be zero. The specified input/output list item shall be of type integer. The G
edit des¢riptor also may be used to edit integer data (10.5.4.1.1).

On inpult, m has no effect.

In the ifjput field for the I edit descriptor, the character string shall.be a signed-digit-string (R401),
except for the interpretation of blanks. For the B, O, and Z editydescriptors, the character stfing
shall 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-¢ase
hexadecjmal 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
magnityde of the internal value as a digit-string without leading zeros.

NOTE 10.8
[A digit-string always consists of at least one digit.

The output field for the Bw, Ow,)and Zw descriptors consists of zero or more leading blgnks
followedl by the internal value in a form identical to the digits of a binary, octal, or hexadecjmal
constant, respectively, with_the same value and without leading zeros.

NOJTE 10.9

[Kb inary, octal, or hexadecimal constant always consists of at least one digit.

The outpput field-for the Iw.m, Bw.m, Ow.m, and Zw.m edit descriptor is the same as for the Iw,/|Bw,
Ow, and Zu/(edit descriptor, respectively, except that the digit-string consists of at least m digits. If
necessary, sufficient leading zeros are included to achieve the minimum of m digits. The valye of
m shall EXTEC < 2 rexcept-wherrw-ts—zero: is—zere—and—thevalueeof theinkdrnal
datum is zero, the output field consists of only blank characters, regardless of the sign control in
effect. When m and w are both zero, and the value of the internal datum is zero, one blank
character is produced.

(1 U vdlu O W

10.5.1.2 Real and complex editing

The F, E, EN, ES, and D edit descriptors specify the editing of real and complex data. An
input/output list item corresponding to an F, E, EN, ES, or D edit descriptor shall be real or
complex. The G edit descriptor also may be used to edit real and complex data (10.5.4.1.2).
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If a processor is capable of representing letters in both upper and lower case, a lower-case letter is
equivalent to the corresponding upper-case letter in the exponent in a numeric input field.

10.5.1.2.1 F editing

The Fw.d edit descriptor indicates that the field occupies w positions, the fractional part of which
consists of d digits. When w is zero, the processor selects the field width. On input, w shall not be
zero.

The input field consists of an optional sign, followed by a string of one or more digits optionally
containing a decimal point, including any blanks interpreted as zeros. The d has no effect on input

if the [PUT Tield Contains @ decimar point. It the decimal point s omitred, the TIgtmost # digits of

the string, with leading zeros assumed if necessary, are interpreted as the fractional part|of the
value| represented. The string of digits may contain more digits than a processotr yses to
apprgximate the value of the constant. The basic form may be followed by an exponent of fone of
the fqllowing forms:

(1) A sign followed by a digit-string

(2) E followed by zero or more blanks, followed by a signed-digit-string
(3) D followed by zero or more blanks, followed by a signed-digit-string

An exponent containing a D is processed identically to an exponent dontaining an E.

NOTE 10.10
If the input field does not contain an exponent, the effects as if the basic form were followed
Hy an exponent with a value of —k, where k is the established scale factor (10.6.5.1).

The putput field consists of blanks, if necessary, followed by a minus if the internal value is
negative, or an optional plus otherwise, followed by-a string of digits that contains a decimT point
and represents the magnitude of the internal value, as modified by the established scale factor and
roungled to d fractional digits. Leading zeres are not permitted except for an optiongl zero
immediately to the left of the decimal point-if the magnitude of the value in the output field is less
than pne. The optional zero shall appear if there would otherwise be no digits in the outputfield.

10.5.1.2.2 E and D editing

The Fw.d, Dw.d, and Ew.dEe ¢dit descriptors indicate that the external field occupies w pogitions,
the ffactional 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).
The form of the‘output field for a scale factor of zero is:

[|£ 1A0Lx x,...x exp

whel]e:

* signifies a plus or a minus.
X X,...x, 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
Eund lexpl <99 E+z,z, or +0z,2,
99 < |exp| <999 *2,2,24
Ew.dEe lexp| £ 10¢ -1 E+z,2,...2,
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Edit Absolute Value Form of
Descriptor of Exponent Exponent
D+z,z, or Exz,z
< 122 122
Dw.d lexp| <99 or £0z,z,
99 < |exp| €999 12,2524

where each z is a digit.

© ISO/IEC

The sign in the exponent is produced. A plus sign is produced if the exponent value is zero. The
edit descriptor forms Ew.d and Dw.d shall not be used if lexp| >999.

The scale factor k controls the decimal normalization (10.2.1, 10.6.5.1). If —-d <k <0, the output

field

contains exactly |k| leading zeros and d - |kl significant digits after the decimal point. If
0<k<d+2, the output field contains exactly k significant digits to the left of the decimal point
and dtk+1 significant digits to the right of the decimal point. Other values“of k arg not

permit

10.5.1.

The EN
notatio
signifid
zero. ]
The fo1
w posi
digits.
The fo1
The foq

[ #

where:

ed.
2.3 EN editing
N edit descriptor produces an output field in the form of a real number in engine

h such that the decimal exponent is divisible by three and\the absolute value o

'he scale factor has no effect on output.
ions, the fractional part of which consists of d digits and the exponent part consists

m and interpretation of the input field is the same as for F editing (10.5.1.2.1).
m of the output field is:
lyyy . x x,...x exp

* signifies a plus or a minus.

yyy are the 1 to 3 decimal digits representative of the most significant digits of the val
the datum after rounding (yyy is an integer such that 1<yyy <1000 or, if the output ¥
is zero, yyy = 0).

X;%,...x, are the d'next most significant digits of the value of the datum after roundir

exp is a decimal exponent, divisible by three, of one of the following forms:

bring
f the

and (R414) is greater than or equal to 1 and less than 1000, éxgept when the output value is

ms of the edit descriptor are ENw.d and ENw.dEe indicating that the external field occyipies

of e

e of
ralue

-

Edit Absolute Value Form of
Descriptor of Exponent Exponent
ENw.d lexp] <99 E+z,z, or 0z,z,
99<texpt=999 712223
ENw.dEe lexp| < 10¢ -1 Etz,2,...2,

where each z is a digit.

The sign in the exponent is produced. A plus sign is produced if the exponent value is zero. The
edit descriptor form ENw.d shall not be used if lexp| >999.
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NOTE 10.11
Examples:
Internal Value Output field Using SS, EN12.3
6.421 6.421E+00
-5 -500.000E-03
.00217 2.170E-03
4721.3 4.721E+03
10.5.1.2.4 ES editing

The
such
exce

The
posi

The
The

whe

The
edit

[+ 1y xx,...x4exp

pt when the output value is zero. The scale factor has no effect on output.

form and interpretation of the input field is the same as for F editirig)(10.5.1.2.1).

form of the output field is:

re:
* signifies a plus or a minus.

y is a decimal digit representative of the most significant digit of the value of the
after rounding.

exp is a decimal exponent having one of the following forms:

Edit Absolute Value Form of
Descriptor of Exponent Exponent

fexp] <99 E+z,z, or ¥0z,z,
99 < |exp| £999 1212525
ESw.dEe lexp| <10¢ -1 Etz,z,...2,

ESw.d

where each z-is a digit.

5ign in the exponent is produced. A plus sign is produced if the exponent value is ze1
descriptorform ESw.d shall not be used if lexp| > 999.

INOTE 10.12

ES edit descriptor produces an output field in the form of a real number in scientific rlotation
that the absolute value of the significand (R414) is greater than or equal to 1 and-less than 10,

forms of the edit descriptor are ESw.d and ESw.dEe indicating that the external field occupies w
ions, the fractional part of which consists of d digits and the exponent part-consists of e|digits.

datum

X1X,...x, are the d next most significantdigits of the value of the datum after roungding.

0. The

Fxarples:

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 complex datum consists of a pair of separate real data. The editing of a scalar datum of complex
data type is specified by two edit descriptors each of which specifies the editing of real data. The
first of the edit descriptors specifies the real part; the second specifies the imaginary part. The two
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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 Llogical editing

The Lw edit descriptor indicates that the field occupies w positions. The specified input/output

list item shall be of type logical. The G edit descriptor also may be used to edit logical data

(10.5.4.2).

a decimal point, follow
aracters in the field

edbyaT

A D | are

The input field consists of optional blanks, optionally followed by
for true or-false—The-Tor-E-may be followed by additiona

ignored
If a progessor is capable of 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.

NO[TE 10.13
|Th( logical constants .TRUE. and .FALSE. are acceptable input forms.

The oufjput field consists of w — 1 blanks followed by a T or F, depending on'whether the valde 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
descripfor also may be used to edit character data (10.54)3). The kind type parameter of all
charactprs transferred and converted under control of on& A or G edit descriptor is implied by the
kind of|the corresponding list item.

If a field width w is specified with the A edit descriptor, the field consists of w characters. If a field
width v is not specified with the A edit descriptor, the number of characters in the field ig the
length pf the corresponding 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
greater|than or equal to len, the rightmost len characters will be taken from the input field. If the
specifidd field width w is less than,len, the w characters will appear left-justified with len-w
trailing blanks in the internal representation.

If the specified field width wifor A output is greater than len, the output field will consist of w +-len
blanks [followed by the let'characters from the internal representation. If the specified field width
w is legs than or equal to len, the output field will consist of the leftmost w characters from the
internall representation.

NOTE 10.14
ﬁoir nondefault character types, the blank padding character is processor dependent.

10.5.4] “Generalized editing

The Gw.d and Gw.dEe edit descriptors are used with an input/output list item of any intrinsic type.
These edit descriptors indicate that the external field occupies w positions, the fractional part of
which consists of a maximum of d digits and the exponent part consists of e digits. When these
edit descriptors are used to specify 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 specify the input/output of integer, real, and complex data, the Gw.d and Gw.dEe
edit descriptors follow the general rules for numeric editing (10.5.1).
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NOTE 10.15
lThe 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 specify the input/output of integer data, the Gw.d and Gw.dEe edit descriptors
follow the rules for the Iw edit descriptor (10.5.1.1), except that w shall not be zero.

10.5.4.1.2 Generalized real and complex editing

The fpri and interpretation ol the input field is the same as for I editing (10.5.L.2.1). . |

The 1pethod of representation in the output field depends on the mag—nitudgdo_flthe datumdbeing
edited. Let N be the magnitude of the internal datum. If 0<N<0.1 -0.5x 10 or N210[ - 0.5,
or N|is identically 0 and d is 0, Gw.d output editing is the same as kPEw.d output editing and
Guw.dEe output editing is the same as ldl’Ew.dEe output editing, where k is the scale factor (10.6.5.1)
currently in effect. If 0.1 -0.5x 10 <SN<10 -05 or N is identically Q ‘and d is not zero, the
scale [factor has no effect, and the value of N determines the editing as follows:

Magnitude of Datum Equivalent-Conversion
N=0 F(w=n).(d-1), n('b")
0.1-05%x10"9-1<N<1-05x%x104 F(w=).d, n('b")
1-0.5x1009<N<10-05x10-4+1 Flw—n).(d-1), n('b')

10-05x10-4+1<N<100-0.5x 10-4+2 F(w-n).(d-2), n('b")

104-2-05%x 102 <N <10 s x 107 F(w-n).1, n('b")
1097 —05x 10 <N <107 =05 F(w-n).1, n('b)

wherg b is a blank. 7 is 4 for Gw.d andye + 2 for Gw.dEe. w - n shall be positive.

NOTE 10.16

The scale factor has no effect unless the magnitude of the datum to be edited is outsie the
range that permits effective use of F editing.

10.5.4.2 Generdlized logical editing

When used to specify- the input/output of logical data, the Gw.d and Gw.dEe edit descriptors|follow
the riiles for the_ Lw edit descriptor (10.5.2).

10.5.4.3 -Generalized character editing

When used to specify the input/output of character data, the Gw.d and Gw.dEe edit descfiptors
follow the tules for the Aw edit descriptor (10.5:3)

10.6 Control edit descriptors

A control edit descriptor does not cause the transfer of data nor the conversion of data to or from
internal representation, but may affect the conversions performed by subsequent data edit
descriptors.
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10.6.1 Position editing

The T, TL, TR, and X edit descriptors specify the position at which the next character will be
transmitted to or from the record. If any character skipped by a T, TL, TR, or X edit descriptor is
of type nondefault character, the result of that position editing is processor dependent.

The position specified by a T edit descriptor may be in either direction from the current position.

On input, this allows portions of a record to be processed more than once, possibly with different

editing.

The position specified by an X edit descriptor is forward from the current position. On input, a
e aeter— re—1ece rav-be—specified—iHro-characters—are ansmitted

ich positions.

NOTE 10.17
IAn nX edit descriptor has the same effect as a TRn edit descriptor. I

On output, a T, TL, TR, or X edit descriptor does not by itself cause charactets to be transnjitted
and therefore does not by itself affect the length of the record. If characters are transmitted to
positiops at or after the position specified by a T, TL, TR, or X edit desctiptor, positions skipped
and naot previously filled are filled with blanks. The result is as if the entire record were initially
filled with blanks.

On oufput, a character in the record may be replaced. Howevet, a T, TL, TR, or X edit descriptor
never dlirectly 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.

10.6.11 T, TL, and TR editing

The left tab limit affects file positioning by the Toand TL edit descriptors. Immediately prior to
data trpnsfer, 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 TH edit descriptor indicates that thé transmission of the next character to or from a record is to
occur 3t the nth character position of-the record, relative to the left tab limit.

NOTE 10.18

The T edit descriptor includes the vertical spacing character (9.4.5) in lines that are to be
printed. T1 specifies the. vertical spacing character and T2 specifies the first character that is
printed. Only certain processor determined devices support vertical spacing characters.

The TIn edit descriptor indicates that the transmission of the next character to or from the r¢cord
is to o¢cur at the €haracter 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 TLA edit
descriptor indicates that the transmission of the next character to or from the record is to ocqur at
the left tablimit.

The TRn edit descriptor indicates that the transmission of the next character to or from the record
is to occur at the character position n characters forward from the current position.

NOTE 10.19
IThe n in a Tn, TLn, or TRn edit descriptor shall be specified and shall be greater than zero.

10.6.1.2 X editing

The nX edit descriptor indicates that the transmission of the next character to or from a record is to
occur at the position n characters forward from the current position.
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NOTE 10.20
lThe n in an nX edit descriptor shall be specified and shall be greater than zero.

10.6.2 Slash editing

The slash edit descriptor 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 is
skipped and the file is positioned at the beginning of the next record. This record becomes the
current record. On output to a file connected for sequential access, a new empty record is created
following the current record, this new record then becomes the last and current record, of| the file
and [the file is positioned at the beginning of this new record.

For ja file connected for direct access, the record number is increased by one .and the¢ file is
positioned at the beginning of the record that has that record number, if there is.such a recdrd, and
this fecord becomes the current record.

INOTE 10.21
A record that contains no characters may be written on output. If the file is an internal file or
b file connected for direct access, the record is filled with blank characters.

An entire record may be skipped on input.

The frepeat specification is optional in the slash edit descriptor. If it is not specified, the |default
valug is one.

10.4.3 Colon editing

The |colon edit descriptor terminates format control if there are no more effective itemg in the
/output list (9.4.2). The colon edit descriptor has no effect if there are more effective items in
ihput/output list.

10.6.4 S, SP, and SS editing

The IS, SP, and SS edit descriptors-may be used to control optional plus characters in rfumeric
output fields. At the beginning of execution of each formatted output statement, the procegsor has
the gption of producing a plus‘in numeric output fields. If an SP edit descriptor is encounlered in
a format specification, thé\processor shall produce a plus in any subsequent position that ngrmally
contains an optional plus: If an SS edit descriptor is encountered, the processor shall not groduce
a plys in any subsequent position that normally contains an optional plus. If an S edit degcriptor
is enfountered, the option of producing the plus is restored to the processor.

, SP, and 'S edit descriptors affect only I, F, E, EN, ES, D, and G editing during the expcution
output-statement. The S, SP, and SS edit descriptors have no effect during the executign of an
input statement.

10.6.5 P editing

The kP edit descriptor redefines the scale factor to k. The scale factor may affect the editing of
numeric quantities.

10.6.5.1 Scale factor

The value of the scale factor is zero at the beginning of execution of each input/output statement.
It applies to all subsequently interpreted F, E, EN, ES, D, and G edit descriptors until a P edit
descriptor is encountered, and then a new scale factor is established.
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[Reversion of format control (10.3) does not affect the established scale factor.

The scale factor k affects the appropriate editing in the following manner:

(1) On input, with F, E, EN, ES, D, and G editing (provided that no exponent exists in the
field) and F output editing, the scale factor effect is that the externally represented
number equals the internally represented number multiplied by 10".

(2) Oninput, with E E, EN, ES, D, and G editing, the scale factor has no effect if there is an

10.6.6

The BN and BZ edit descriptors may be used to specify the interpretation of blanks, other
leading| blanks, in numeric input fields. At the beginning of execution of each formatted i
statement, nonleading blank characters from a file connected by an OPEN statement
interpréted as zeros or are ignored, depending on the valie of the BLANK= specifier (9.3

current|
treated

remove
blanks.

(3|) On output, with E and D editing, the significand (R414) part of the quantity,t

“

(8) On output, with EN and ES editing, the scale factor has no effect.

exponent in the field.

produced is multiplied by 10" and the exponent is reduced by k.

magnitude of the datum to be edited is outside the range that permits the use
editing. If the use of E editing is required, the scale factor has the same’ effect as
E output editing.

BN and BZ editing

b be

On output, with G editing, the effect of the scale factor is suspended Munless| the

of F
with

than
nput

are
4.6)

ly in effect for the unit; an internal file or a preconnected file that has not been open
as if the file had been opened with BLANK = 'NULL'. If a BN edit descript

d, the remaining portion of the field right-justified, and the blanks replaced as le

pd is
r is

encouriered in a format specification, all nonleading blank characters in succeeding numeric ifput
fields dre ignored. The effect of ignoring blanksis to treat the input field as if blanks had peen

ing

However, a field containing only.blanks has the value.zero. If a BZ edit descriptor is

encouiered in a format specification, all nonleading blank characters in succeeding numeric input

fields
The BN

10.7

A character string edit descriptor shall not be used on input.

The chhracter sfring edit descriptor causes characters to be written from the enclosed charact
the edit descriptor itself, including blanks. For a character string edit descriptor, the width g

field i

e treated as zeros.

Character string edit descriptors

the_humber of characters between the delimiting characters. Within the field,

conseciitiv€ delimiting characters are counted as a single character.

NOTE 10.23

I and BZ edit descriptors.affect only I, B, O, Z, F, E, EN, ES, D, and G editing dltring
execution of an input statement._They have no effect during execution of an output statement.

rs of

f the

two

‘A delimiter for a character string edit descriptor is either an apostrophe or quote.

10.8

List-directed formatting

The characters in one or more list-directed records constitute a sequence of values and value
separators. The end of a record has the same effect as a blank character, unless it is within a
character constant. Any sequence of two or more consecutive blanks is treated as a single blank,
unless it is within a character constant.
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Each value is either a null value or one of the forms:

c
r*c
T*

where c is a literal constant or a nondelimited character constant and r is an unsigned, nonzero,
integer literal constant. Neither ¢ nor r shall have kind type parameters specified. The constant ¢
is interpreted as though it had the same kind type parameter as the corresponding list item. The
r+c form is equivalent to r successive appearances of the constant ¢, and the r* form is equivalent
to r successive appearances of the null value. Neither of these forms may contain embedded

blanIs,—esrr:eprwhere-p?rmrﬂed-whrl-rh-rﬂ-& constant—¢:
A vallue separator is

(1) A comma optionally preceded by one or more contiguous blanks and optionally
followed by one or more contiguous blanks,

(2) A slash optionally preceded by one or more contiguous blanks and'optionally followed
by one or more contiguous blanks, or

(3) One or more contiguous blanks between two nonblank yalues or following the last
nonblank value, where a nonblank value is a constant, an‘r¢ form, or an r form.

INOTE 10.24
Although a slash encountered in an input record is referred\to‘as a separator, it actually| causes
termination of list-directed and namelist input statements; it does not actually separate two
values.

NOTE 10.25
List-directed input/output allows data editing according to the type of the list item ins tead of
by a format specifier. It also allows data to'be free-field, that is, separated by commas or
planks.

If no list items are specified in a list:directed input/output statement, one input rgcord is
skipped or one empty output recordds written.

10.8.1 List-directed input

Inpyt forms acceptable to (edit descriptors for a given type are acceptable for list-flirected
fornpatting, except as noted below. The form of the input value shall be acceptable for thel type of
the hext effective item in the list. Blanks are never used as zeros, and embedded blanks| are not
perthitted in constants) except within character constants and complex constants as specified
belgw.

NOTE 10.26

The end of a record has the effect 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 edit descriptor with a suitable value of w were used.

When the next effective item is of type real, the input form is that of a numeric input field. A
numeric input field 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
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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 shall not include slashes, blanks, or
commas among the optional characters permitted for L editing.

When the next effective item is of type character, the input form consists of a possibly delimited
sequence of zero or more rep-chars whose kind type parameter is implied by the kind of the
effective list item. Character sequences may be continued from the end of one record to the
beginning of the next record, but the end of record shall not occur between a doubled apostrophe
in an apostrophe-delimited character sequence, nor between a doubled quote in a quote-delimited
charact¢rsequence. The end of the record does not cause a blank or any other character to beqome
part of the character sequence. The character sequence may be continued on as many récords as
needed] The characters blank, comma, and slash may appear in default character sequernces.

If the next effective item is of type default character and

(1)  The character sequence does not contain the value separators blank; Comma, or sldsh,

(4)  The character sequence does not cross a record boundary,

(3  The first nonblank character is not a quotation mark or an apostrophe,
(4)  The leading characters are not numeric followed by an asterisk, and
(8) The character sequence contains at least one character,

the delimiting apostrophes or quotation marks are not required.If the delimiters are omitted| the
character sequence is terminated by the first blank, cofama, slash, or end of record |and
apostrophes and quotation marks within the datum are not.t6 be doubled.

Let len be the length of the next effective item, and let w'be the length of the character sequencp. If
len is leps than or equal to w, the leftmost len characters of the sequence are transmitted to the jnext
effective item. If len is greater than w, the sequence’is transmitted to the leftmost w charactefs of
the next effective item and the remaining len—Ww characters of the next effective item are filled
with blanks. The effect is as though the sequence were assigned to the next effective item |in a
character assignment statement (7.5.1.4).

10.8.1.1 Null values

A null yalue is specified by
¢l The r* form,
v No characters’between consecutive 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.

NOJIE 10.27

The end ef-a record following any other value separator, with or without separating blamks
do€s not specify a null value in list-directed input.

’

A null value has no effect on the definition status of the next effective item. A null value shall not
be used for either the real or imaginary part of a complex constant, but a single null value may
represent an entire complex constant.

A slash encountered as a value separator during execution of a list-directed input statement causes
termination of execution of that input statement after the assignment of the previous value. Any
characters remaining in the current record are ignored. If there are additional items in the input
list, the effect is as if null values had been supplied for them. Any implied-DO variable in the

input list is defined as though enough null values had been supplied for any remaining input list
items.
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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 sequence
(2) Embedded blanks surrounding the real or imaginary part of a complex constant
()  Leading blanks in the first record read by each execution of a list-directed input
statement, unless immediately followed by a slash or comma
NOTE 10.29

(1)
(2)
(3)
(4)
(5)

QN WYX MMNMKMNH

ist-directed input example:
REAL X (8);
; LOGICAL G

X, P, Z,

The input data records are:

12345,12345,,2*1.5,4*
[SN'T_BOB'S, (123,0), .TEXASS

The results are:
Variable

- X (8)

CHARACTER (11) P;

Value

12345
12345.0
unchanged
1.5

1.5
unchanged
ISN'T_BOB'S
(123:0,0.0)
true

10.82 List-directed output

The form of the values produeced is the same as that required for input, except as noted otherwise.
With| the exception of adjacent nondelimited character sequences, the values are separated|by one
or mpre blanks or by a’¢opmma optionally preceded by one or more blanks and optionally fdllowed
by one or more blanks:

The processor may begin new records as necessary, but, except for complex constants and cHaracter
sequences, theend of a record shall not occur within a constant or sequence and blanks shall not
appear within a constant or sequence.

Logi¢al.output values are T for the value true and F for the value false.

Integer output constants are produced with the effect of an Iw edit descriptor.

Real constants are produced with the effect of either an F edit descriptor or an E edit descriptor,
depending on the magnitude x of the value and a range 1091 < x < 10%2, 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 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
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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 sequences 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,

(2)  Are not separated from each other by value separators,

(3) Have each internal apostrophe or quotation mark represented externally by one
apoUStropie 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 sequence frgm the
preceding record.

Chargcter sequences produced for a file opened with a DELIM= specifier witlha value of QUOTE
are delimited by quotes, are preceded and followed by a value separator, at{d have each ihternal
quotg represented on the external medium by two contiguous quotes.

Charqcter sequences produced for a file opened with a DELIM= specifier with a value of
APO$TROPHE are delimited by apostrophes, are preceded and followed by a value separator, and
have | each internal apostrophe represented on the external”’medium by two contjguous
apostrophes.

If two or more successive values in an output record havéddentical values, the processor has the
option of producing a repeated constant of the form r+cdnstead of the sequence of identical values.

Slashes, as value separators, and null values are-not produced as output by list-directed
formatting.

Except for continuation of delimited character‘sequences, each output record begins with alblank
charagter to provide carriage control when the record is printed.

NOTE 10.30
l'Ihe length of the output records.is'not specified exactly and may be processor dependeht. ]

10.9| Namelist formatting

The characters in one or more namelist records constitute a sequence of name-value subsequpnces,
each pf which consists(of an object name or a subobject designator followed by an equals and
followed by one or,more values and value separators. The equals may optionally be precedled or
followed by one ormore contiguous blanks. The end of a record has the same effect as a|blank
charagter, unless itis within a character constant. Any sequence of two or more consecutive lanks
is tredted as a.single blank, unless it is within a character constant.

The name may be any name in the namelist-group-object-list (5.4).

Each valtue s either a null value (10.9.1.2) or one of the forms

c

ric

X
where c is a literal constant and 7 is an unsigned, nonzero, integer literal constant. Neither c nor r
may have kind type parameters specified. The constant c is interpreted as though it had the same
kind type parameter as the corresponding list item. The r*c form is equivalent to 7 successive

appearances of the constant ¢, and the r* form is equivalent to r successive null values. Neither of
these forms may contain embedded blanks, except where permitted within the constant c.

A value separator for namelist formatting is the same as for list-directed formatting (10.8).
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10.9.1 Namelist input

Input for a namelist input statement consists of

INOTE 10.31

(1) Optional blanks and namelist comments,

ISO/IEC 15639-1:1997(E)

(2) The character & followed immediately by the namelist-group-name as specified in the

NAMELIST statement,
(3) One or more blanks,

(4) A sequence of zero or more name-value subsequences separated by value separators,

and

. 9. . N
(S, 7; S'tH'S'l[ tU t'EIII[H[atE ti[b lldllltfu.bi. arput.

A slash encountered in a namelist input record causes the input statement to)ferming
slash may not be used to separate two values in a namelist input statement.

. A

In edch name-value subsequence, the name shall be the name of a namelist,group object ljst item
with| an optional qualification and the name with the optional qualification” shall not be |a zero-

sized

If a

obje

10.9.1.1 Namelist group object names

WitHin the input data, each name shall correspondto a specific namelist group object

't name is without regard to case.

| array, a zero-sized array section, or a zero-length character string. \The optional qualification,
if anly, shall not contain a vector subscript.

processor is capable of representing letters in both upper @nd’lower case, a group rfame or

name.

Subgcripts, strides, and substring range expressions used to qualify group object names $hall be

opti

bnally signed integer literal constants with-no kind type parameters specified. If a rfamelist

groyp object is an array, the input record cortésponding to it may contain either the array name or

the
na

The

item

defi

recol

esignator of a subobject of that array, using the syntax of subobject designators (R602

. If the

list group object name is the name.&f'a variable of derived type, the name in the inpuf record
may| be either the name of the variable' or the designator of one of its components, indicated by
qualifying the variable name with the-appropriate component name. Successive qualificati
be applied as appropriate to theshape and type of the variable represented.

hition status of ary ‘names from the namelist-group-object-list that do not occur in

morg optional blanks but shall not contain embedded blanks.

10.9.1.2 Namelist input values

The
for
and

h‘réstriction on the form of input values corresponding to list items of types logical,

ns may

order of names in the input records need not match the order of the namelist group object
s. The input records\need not contain all the names of the namelist group object items. The

e input

rd remains unchanged. The name in the input record may be preceded and followed by one or

dattumi ¢ (10.9) is any input value acceptable to format specifications for a given type, except

integer,

character as specified in 10.9.1.3. The form of the input value shall be acceptable for

he type

of the namelist group object list item. The number and forms of the input values that may follow
the equals in a name-value subsequence depend on the shape and type of the object represented by
the name in the input record. When the name in the input record is that of a scalar variable of an
intrinsic type, the equals shall not be followed by more than one value. Blanks are never used as
zeros, and embedded blanks are not permitted in constants except within character constants and
complex constants as specified in 10.9.1.3.

The name-value subsequences are evaluated serially, in left-to-right order. A namelist group object
name or subobject designator may appear in more than one name-value sequence.
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When the name in the input record represents an array variable or a variable of derived type, the
effect 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 shall 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 equals shall not exceed the number of list items in the
expanded sequence, but may be less; 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.

NOTE 10.32

For_example, if the name in the input record is the name of an i
most 100 values, each of which is either a digit string or a null value, may follow the €q
these values would then be assigned to the elements of the array in array element ordér.

A slashlencountered as a value separator during the execution of a namelist input statement causes
termingtion of execution of that input statement after assignment of the previousivalue. If 1here
are additional items in the namelist group object being transferred, the effectis-as if null values
had beg¢n supplied for them.

A namglist comment may appear after any value separator except a slash{/A namelist comment is
also pefmitted to start in the first nonblank position of an input rec¢rd except within a character
literal donstant.

Successive namelist records are read by namelist input until a slash is encountered; the remaihder
of the rpcord is ignored and need not follow the rules for nafvelist input values.

10.9.1 Namelist group object list items
When the next effective namelist group object list itemi is of type real, the input form of the ihput
value ip that of a numeric input field. A numetic input field is a field suitable for F ed{ting

(10.5.1.2.1) that is assumed to have no fractional digits unless a decimal point appears withir the

When the next effective item is of type complex, the input form of the input value consists of 4 left
esis 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 comlplex
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 conima and the imaginary part.

When the next effective item is of type logical, the input form of the input value shall not include
slashes)blanks, equals; 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
Iw edit |descriptor with a suitable value of w were used.

When the‘next effectlve item is of type character, the mput form con51sts of a delimited sequenge of
Zero or e v 2 i g list
item. Such a sequence may be contmued from the end of one record to the beginning of the next
record, but the end of record shall not occur between a doubled apostrophe in an apostrophe-
delimited sequence, nor between a doubled quote in a quote-delimited sequence. The end of the
record does not cause a blank or any other character to become part of the sequence. The sequence
may be continued on as many records as needed. The characters blank, comma, and slash may
appear in such character sequences.
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NOTE 10.33

A character sequence corresponding to a namelist input item of character data type shall be
delimited either with apostrophes or with quotes. The delimiter is required to avoid
ambiguity between undelimited character sequences 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).

Let len be the length of the next effective item, and let w be the length of the character sequence. If
len is less than or equal to w, the leftmost len characters of the sequence are transmitted to the next
effective-tem—H-len-isgreaterthan—s e-cons tstrarsmittedtothe teftmostwcharacteys of the
next| effective item and the remaining len—w characters of the next effective item are-fillg
blanks. The effect is as though the sequence were assigned to the next effective item ir)a cl
assignment statement (7.5.1.4).

=yye 0, O 1]

10.911.4  Null values

A nyll value is specified by

(1) The r* form,

(2)  Blanks between two consecutive value separators follawing an equals,
(3)  Zero or more blanks preceding the first value separator and following an equals, or
(4) Two consecutive nonblank value separators.
A nyll value has no effect on the definition status of<he corresponding input list item.| If the
namglist group object list item is defined, it retains its'prévious value; if it is undefined, it femains

und¢fined. A null value shall not be used as either the real or imaginary part of a complex
consfant, but a single null value may represent an‘entire complex constant.

INOTE 10.34

[he end of a record following a value separator, with or without intervening blanks, dpes not
specify a null value in namelist input:

10.9{1.5 Blanks

All Blanks in a namelist input recdrd are considered to be part of some value separator excépt for
(1) Blanks embedded in a character constant,
(2) Embedded blanks surrounding the real or imaginary part of a complex constani,

(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 Comments

nyn

Except within a character literal constant, a "!" character after a value separator or in the first
nonblank posifion of a namelist input record initiates a comment. The comment extends to the end
of the current input record and may contain any graphic character in the processor-dependent
character set. The comment is ignored. A slash within the namelist comment does not terminate
execution of the namelist input statement.

NOTE 10.35
Namelist input example:

INTEGER I; REAL X (8); CHARACTER (1l1) P; COMPLEX Z;
LOGICAL G

NAMELIST / TODAY / G, I, P, Z, X

READ (*, NML = TODAY)
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NOTE 10.35 (Continued)
The input data records are:
&TODAY I = 12345, X(1) = 12345, X(3:4) = 2*1.5, I=6, ! This is a comment.
P = "ISN'T_BOB'S", Z = (123,0)/
The results stored are:
vVariable Value
I 6
X (1) 12345.0
X (2) unehanged
X (3) 1.5
X (4) 1.5
X (5) - X (8) unchanged
P ISN'T BOB'S
Z (123.0,0.0)
G unchanged

10.9.2 Namelist output

The fprm of the output produced is the same as that required for inpuf, except for the forms pf real,
charalcter, and logical values. If the processor is capable of représenting letters in both uppler and
lowet case, the name in the output is in upper case. With thekexception of adjacent nondelimited
chardcter values, the values are separated by one or more blanks or by a comma optfonally
preceded by one or more blanks and optionally followed by one or more blanks.

Namglist output shall not include namelist comments,

The processor may begin new records as necessary. However, except for complex constamts and
character values, the end of a record shall not eccur within a constant, character value, o1 name,
and blanks shall not appear within a constant, character value, or name.
NOTE 10.36

The length of the output records s not specified exactly and may be processor dependent. J

10.9/2.1 Namelist output editing
Logical output values are T-for the value true and F for the value false.
Integer output constants are produced with the effect of an Iw edit descriptor.

Real| constants are préduced with the effect of either an F edit descriptor or an E edit degcriptor,
depénding on/the' magnitude x of the value and a range 104 < x < 10%2, where d, and|d, are
prodessor-dependent integers. If the magnitude x is within this range, the constant is produced

usi.r»tg‘ OPFw.d; otherwise, 1PEw.dEe is used.

For hiurieric 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 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 sequences produced for a file opened without a DELIM= specifier (9.3.4.9) or with a
DELIM= specifier with a value of NONE

(1)  Are not delimited by apostrophes or quotation marks,
(2) Are not separated from each other by value separators,
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Cha

are

(3) Have each internal apostrophe or quotation mark represented externally
apostrophe or quotation mark, and

997(E)

by one

(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 sequence from the

preceding record.
NOTE 10.37

contain a character sequence may not be acceptable as namelist input records.

Namelist output records produced with a DELIM= specifier with a value of NONE and which

e—obened A ha D M—_specifie azith vlue o

d by quo

dlelimite tes, are preceded and followed by a value separator, and have each

quofe represented on the external medium by two contiguous quotes.

Cha
AP(Q
havd

apo

gtrophes.

10.9.2.2 Namelist output records

If tw

the

sequence of identical values.

The
equ

An

nanj
obje|

name of each namelist group object list item is pladed in the output record followe
als and a list of values of the namelist group object list item.

namelist formatting.

An

hll value is not produced by namelist formatting.

Exc¢pt for continuation of delimited character sequences, each output record begins with
character to provide carriage control when the record is printed.

OUOTE
internal

racter sequences produced for a file opened with a DELIM= specifier with a vjalue of
)STROPHE are delimited by apostrophes, are preceded and followed by a value separator, and
each internal apostrophe represented on the external medium(-by two corjtiguous

yo or more successive values in an array in an output record.produced have identicall values,
processor has the option of producing a repeated constant of the form r#c instead of the

d by an

ampersand character followed immediately“by a namelist-group-name will be prodyced by
elist formatting at the start of the first output record to indicate which specific group| of data
Cts is being output. A slash is produced by namelist formatting to indicate the engl of the

a blank
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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.

ISO/IEC 1539-1:1997(E)

This section describes all of these program units except external subprograms, which are described
in Section 12.

11.

Am
or BL

R1101  main-program is [ program-stmt ]

R110R program-stmt is PROGRAM program-nime
R110B end-program-stmt is END [ PROGRAM.| program-name ] |

Main program

in program is a program unit that does not contain a SUBROUTINE, FUNCTION, MODULE,

OCK DATA statement as its first statement.

[ specification-part ]

[ execution-part |

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

Congtraint:  In a main-program, the execution-part shall*not contain a RETURN statement or an

Congdtraint:

Congtraint: An automatic object shallcfiot appear in the specification-part (R204) of §

The program name is global to the program, and shall not be the same as the name of an
progfam unit, external procedure,-or common block in the program, nor the same as an

namese

NOTE 11.1

ENTRY statement.

program-stmt is used and, if included, shall be identical to the program-name s
in the program-stmt.

program.

in the main program.

The program-name may be included“in the end-program-stmt only if the optional

ecified
A main

y other
y local

F

or explanatory information about uses for the program name, see section C.8.1.

i

NOTE 11.2

An example)of a main program is:
BROGRAM \ANALYSE

REAL A, B, C (10,10) ! sSpecification part

CALL FIND ! Execution part
GONTAINS

SUBROUTINE FIND ! Internal subprogram

END SUBROUTINE FIND

END PROGRAM ANALYSE

11.1.1  Main program specifications

The specifications in the scoping unit of the main program shall 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.
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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 a program (R201) begins with the first executable construct of the
main program.

A main program shall not be recursive; that is, a reference to it shall not appear in any program
unit in the program, including itself.

Normal execution of a 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 program. Execution may also be
terminaffed if certai error tonditions-oceut:

11.1.3 | Main program internal subprograms

Any infernal subprograms in the main program shall follow the CONTAINS statenient. Intgrnal
subprograms are described in 12.1.2.2. The main program is called the hgst/of its intg¢rnal
subprograms.

11.2 |External subprograms

Externdl subprograms are described in Section 12.

11.3 [Modules

A modple contains specifications and definitions that aréto’be accessible to other program urjits.
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 ] ]

Constrhint:  If the module-name-is’specified in the end-module-stmt, it shall be identical t¢ the
module-name specifiéd in the module-stmt.

Constrpint: A module specification-part shall not contain a stmt-function-stmt, an entry-stmt, [or a
format-stmt.

Constrpint:  An automatic object shall not appear in the specification-part (R204) of a module

Constriaint:  If ar object of a type for which component-initialization is specified (R429) appears in
theSpecification-part of a module and does not have the ALLOCATABLE or POINTER
attribute, the object shall have the SAVE attribute.

The miodizle'name is global to the program, and shall not be the same as the name of any jother
progmmmwmmww local

name in the module.

NOTE 11.3

Although statement function definitions, ENTRY statements, and FORMAT statements shall not
appear in the specification part of a module, they may appear in the specification part of a
module subprogram in the module.

A module is host to any module subprograms (12.1.2.2) it contains, and the entities in the
module are therefore accessible in the module subprograms through host association.

NOTE 114
[For a discussion of the impact of modules on dependent compilation, see section C.8.2. |
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NOTE 11.5
|For examples of the use of modules, see section C.8.3. |

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 shall be available. A module shall 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 PUBLITC statement (5-ZB), 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.

NOTE 11.6
llFor a discussion of the impact of accessibility on dependent compilation,see section (}.8.2.2. ]

In a|scoping unit making reference to a module, the ONLY option in the USE statement may be
used to further limit the accessibility, in that referencing scoping unit, of the public entitigs 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,
deriyed types, interface blocks, procedures, generic identifiers (12.3.2.1), and namelist groyps in a
module. The entities in the scoping unit are said\to-be use associated with the entitiep in the
module. The accessed entities have the attributes specified in the module.

R1107 wuse-stmt is USE module-name [ , rename-list ]

or USE module-name , ONLY : [ only-list ]
R1108 rename is local-name => use-name
R1109 only is) generic-spec

or only-use-name
or only-rename

R1110 only-use-name is use-name
R1111  only-rename is local-name => use-name

Constraint:  Each generic-spec shall be a public entity in the module.
Constraint:  Each use-name shall be the name of a public entity in the module.

The| USE statement without the ONLY option provides access to all public entities in the gpecified
modlule/

A SE'statement with the ONLY option provides access only to those entities that agpear as
generic-specs or use-names in the only-list.

More than one USE statement for a given module may appear in a scoping unit. If one of the USE
statements is without an ONLY qualifier, all public entities in the module are accessible. If all the
USE statements have ONLY qualifiers, only those entities named in one or more of the only-lists are
accessible.

An accessible entity in the referenced module has one or more local names. These names are

(1) The name of the entity in the referenced module if that name appears as an only-use-
name in any only for that module,
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(2)  Each of the local-names the entity is given in any rename or only-rename for that module,
and

(3) The name of the entity in the referenced module if that name does not appear as a use-
name in any rename or only-rename for that module.

Two or more accessible entities, other than generic interfaces, may have the same name only if the
name is not used to refer to an entity in the scoping unit. Generic interfaces are handled as
described in section 14.1.2.3. Except for these cases, the local name of any entity given accessibility
by a USE statement shall differ from the local names of all other entities accessible to the scoping
unit through USE statements and otherwise.

NOFEI-7
There is no prohibition against a use-name appearing multiple times in one USE staternent or
in multiple USE statements involving the same module. As a result, it is possible fof)one juse-
asspciated entity to be accessible by more than one local name.

The logal name of an entity made accessible by a USE statement may appear in no ¢ther
specificption statement that would cause any attribute (5.1.2) of the entity to)be’respecified i the
scoping unit that contains the USE statement, except that it may appear iya, PUBLIC or PRIVATE

statement in the scoping unit of a module.

NOTE 11.8
Th'I constraints in sections 5.5.1, 5.5.2, and 5.4 prohibit the Jlocal-name from appearing ps a
common-block-object in a COMMON statement, an equivalehce-object in an EQUIVALEINCE
staement, or a namelist-group-name in a NAMELIST statement, respectively. There ig no
prghibition against the local-name appearing as a common-block-name or a namelist-object.

The appearance of such a local name in a PUBLIC statement in a module causes the eptity
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 rjfame
does not appear in either a PUBLIC or PRIVATE statement, it assumes the default accessibility

attribute (5.2.3) of that scoping unit.

A procedure with an implicit interface and public accessibility shall explicitly be given| the
EXTERNAL attribute in the scoping unit of the module; if it is a function, its type and ftype

parameters shall be explicitly declafed in a type declaration statement in that scoping unit.

An intrinsic procedure with public accessibility shall explicitly be given the INTRINSIC attribulte in

the scoping unit of the module or be used as an intrinsic procedure in that scoping unit.

188

NOTE 11.9

For a discussion, of-the impact of the ONLY clause and renaming on dependent compilation,

see| section C.8.2:1.

NOTE 11.10

Exgmples:
USKE_STATS LIB
provides access to all public entities in the module STATS_LIB.

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.
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NOTE 11.10 (Continued)
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USE STATS_LIB, ONLY : YPROD; USE STATS_LIB

makes all public entities in STATS_LIB accessible.

11.4 Block data program units

A block data program unit is used to provide initial values for data objects in named common

blocks.
R1112 block-data is block-data-stmt
[ specification-part ]
end-block-data-stmt
R111B  block-data-stmt is BLOCK DATA [ block-data-name |
R1114 end-block-data-stmt is END [ BLOCK DATA [ block-data-name.}
Congtraint:  The block-data-name may be included in the end-block-data-stm¢ 6nly if it was p

Con;

Cong

1

in the block-data-stmt and, if included, shall be identical to-the block-data-nam
block-data-stmt.

traint: A block-data specification-part may contain only USE, statements, type dec
statements, IMPLICIT statements, PARAMETER statements, deriv|
definitions, and the following specification “statements: COMMON,
DIMENSION, EQUIVALENCE, INTRINSIC, POINTER, SAVE, and TARGET.

traint: A type declaration statement in a blogk=data specification-part shall not

specifiers.
NOTE 11.11

rovided
P in the

aration

pd-type

DATA,

contain
ALLOCATABLE, EXTERNAL, INTENT<{OPTIONAL, PRIVATE, or PUBLIC afttribute

l

For explanatory information about the uses‘for the block-data-name, see section C.8.1.

If an
storg
comi

1

object in a named common block-ig’initially defined, all storage units in the commo
ge sequence shall be specified evenif they are not all initially defined. More than one|
mon block may have objects initially defined in a single block data program unit.

NOTE 11.12

n block
named

[n the example

BLOCK DATA  INIT
REAL\A, B, C, D, E, F
COMMON /BLOCK1l/ A, B, C, D
DATA A /1.2/, C /2.3/
COMMON /BLOCK2/ E, F
DATA F /6.5/

END BLOCK DATA INIT

of the common blocks.

rormnmon blocks BLOCK1 and BL!
O d DIOP i B

OCK2 both have objects that are being initialized in a
nd E are not initialize ped to be specified kb

Only an object in a named common block may be initially defined in a block data program unit.
NOTE 11.13

Objects associated with an object in a common block are considered to be in that common
block.

The same named common block shall not be specified in more than one block data program unit in
a program.
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There shall not be more than one unnamed block data program unit in a program.

NOTE 11.14

©ISO/IEC

An example of a block data program unit is:

BLOCK DATA WORK
COMMON /WRKCOM/ A, B, C (10, 10)
REAL :: A, B, C
DATA A /1.0/, B /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.

12.11 Procedure classifications

A prpcedure is classified according to the form of its reference and the way it is defined.

12.1{1 Procedure classification by reference

The dlefinition of a procedure specifies it to be a function or a subroutine|_A reference to a finction
eithep appears explicitly as a primary within an expression, or is implied by a defined operation
(7.1.3) within an expression. A reference to a subroutine is a(CALL statement or a dlefined
assignment statement (7.5.1.3).

A procedure is classified as elemental if it is a procedure that may be referenced elementally (12.7).

12.1{12 Procedure classification by means of definition

A procedure is either an intrinsic procedure, an external procedure, a module procedpre, an
interhal procedure, a dummy procedure, or a statement function.

12.1J2.1 Intrinsic procedures

A prpcedure that is provided as an inherent part of the processor is an intrinsic procedure

12.1{2.2 External, internal, and-module procedures

An ¢xternal procedure is a procedure that is defined by an external subprogram or by al means
othet than Fortran.

subprograms may appear in the main program, in an external subprogram, or in a module
subprogram. Internal subprograms shall not appear in other internal subprograms. ternal
subprograms are-the same as external subprograms except that the name of the internal pr¢cedure
is ndt a global’entity, an internal subprogram shall not contain an ENTRY statement, the jnternal
procedure name shall not be argument associated with a dummy procedure (12.4.1.2), gnd the
internal/'subprogram has access to host entities by host association.

An jnternal proceduréyis a procedure that is defined by an internal subprogram. Eternal

A module procedure is a procedure that is defined by a module subprogram.

If a subprogram contains one or more ENTRY statements, it defines a procedure for each ENTRY
statement and a procedure for the SUBROUTINE or FUNCTION statement.

12.1.2.3 Dummy procedures

A dummy argument that is specified as a procedure or appears in a procedure reference is a
dummy procedure.
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12.1.2.4 Statement functions

A function that is defined by a single statement is a statement function (12.5.4).

12.2 Characteristics of procedures

The characteristics of a procedure are the classification of the procedure as a function or
subroutine, whether or not it is pure, whether or not it is elemental, the characteristics of its
dummy 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 Xaltgrnate
return indicator). A dummy argument other than an asterisk may be specified to have the OPTIONAL
attribufe. This attribute means that the dummy argument need not be associated with an aftual
argument for any particular reference to the procedure.

12.2.1.

The characteristics of a dummy data object are its type, its type parameters (if any), its shapg, 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, $.2.7)
or a tagget (5.1.2.8,5.2.8). If a type parameter of an object or a bound of an array is an expregsion
that depends on the value or attributes of another object, the exact'dependence on other entitjes is
a characteristic. If a shape, size, or character length is assumed, it is a characteristic.

Characteristics of dummy data objects

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.

An asterjsk as a dummy argument has no characteristics.

Characteristics of asterisk dummy arguments

12.2.2| Characteristics of function results

The characteristics of a function'tesult are its type, type parameters (if any), rank, and whethet it is
a pointer. If a function result is an array that is not a pointer, its shape is a characteristic. If a[type
param}&ter of a function result or a bound of a function result array is not a constant expressior}, the
exact dependence on the entities in the expression is a characteristic. If the length of a character fupction
result is pssumed, this is a characteristic.

12.3 | Procedure interface

The interface’ of a procedure determines the forms of reference through which it may be invgked.
The interface consists of the characteristics of the procedure, the name of the procedure, the name
and characteristics of each dummy argument, and the procedure’s generic identifiers, if any. The
characteristics of a procedure are fixed, but the remainder of the interface may differ in different
scoping units.

NOTE 12.1

IFor more explanatory information on procedure interfaces, see section C.9.3.

12.3.1 Implicit and explicit interfaces

If a procedure is accessible in a scoping unit, its interface is either explicit or implicit in that
scoping unit. The interface of an internal procedure, module procedure, or intrinsic procedure is
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always explicit in such a scoping unit. The interface of a recursive subroutine or a recursive
function with a separate result name is explicit within the subprogram that defines it. The interface
of a statement function is always implicit. The interface of an external procedure or dummy procedure is
explicit in a scoping unit other than its own if an interface block (12.3.2.1) for the procedure is
supplied or accessible, and implicit otherwise.

NOTE 12.2
|For example, the subroutine LLS of C.8.3.5 has an explicit interface. j

12.3.1.1  Explicit interface

A procedure other than a statement function shall have an explicit interface if
(1) A reference to the procedure appears
(a)  With an argument keyword (12.4.1),
(b)  As areference by its generic name (12.3.2.1),
(c)  As adefined assignment (subroutines only),
(d) In an expression as a defined operator (functions only), or
() In a context that requires it to be pure,
(2)  The procedure has
(@) An optional dummy argument,
(b) A dummy argument that is an assumed-shape array, a pointer, or a targe,
() An array-valued result (functions only),
(d) A result that is a pointer (functions only), or

() A result whose character length parameter value is not assumed and not donstant
(character functions only), or

(8)  The procedure is elemental.

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 of a function These statements may appear in the procedure definition), in an
interface block, or in both except that the ENTRY statement shall not appear in an interface hlock.

NOTE 12.3
An interface block cannot be used to describe the interface of an internal procedure, a thodule
procedure, ortan intrinsic procedure because the interfaces of such procedures are glready
pxplicit. However, the name of a module procedure may appear in a MODULE PROCEDURE
statement in an interface block (12.3.2.1).

12.3/2.},-Procedure interface block
RlZOl—H‘!-fﬁf&é‘E-Heél—i's—m-ﬁeﬁpc Jtlllt
[ interface-specification ] ...
end-interface-stmt

R1202 interface-specification is interface-body

or module-procedure-stmt
R1203 interface-stmt is INTERFACE [ generic-spec ]
R1204 end-interface-stmt is END INTERFACE [ generic-spec ]
R1205 interface-body is function-stmt

[ specification-part ]

193


https://iecnorm.com/api/?name=4547fbc8ae48b738c96d20e9c5a6e4a4

ISO/IEC 1539-1:1997(E) ©ISO/IEC

end-function-stmt
or subroutine-stmt

[ specification-part ]

end-subroutine-stmt

Constraint: An interface-body of a pure procedure shall specify the intents of all dummy
arguments except pointer, altemate retun, and procedure arguments.

R1206 module-procedure-stmt is MODULE PROCEDURE procedure-name-list

R1207 generic-spec is generic-name
or—QPERATOR (dﬁﬁnpd_nrwrﬂfnr\

or ASSIGNMENT (=)

Constrdint: An interface-body shall not contain an entry-stmt, data-stmt, formdtsstmd, or
stmt-function-stmt.
Constrdint: The MODULE PROCEDURE statement is allowed only if the interface-block has a
generic-spec and is in a scoping unit where each procedure-name’is “accessible [as a
module procedure.

Constrdint:  An interface-block in a subprogram shall not contain an interface-body for a procedure
defined by that subprogram.

Constrdint: The generic-spec may be included in the end-interface-stnt only if it was provided in
the interface-stmt and, if included, shall be identical to the generic-spec iy the
interface-stmt.
Constraint: A procedure-name in a module-procedure-stmt shdll not be one which previously had
been specified in any module-procedure-stmtywith the same generic identifier in the
same specification part.

An extgrnal or module subprogram specifies a specific’interface for the procedures defined ir} 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 specific interface for an
existing external procedure or a dummy procedure. If the name in a procedure heading jn an
interfate block is the same as the name of a dummy argument in the subprogram containing the
interfafe block, the interface block declares that dummy argument to be a dummy procedure|with
the indlicated interface; otherwise, the interface block declares the name to be the name pf an
external procedure with the indicated procedure interface.

An intprface body specifies all of the procedure’s characteristics and these shall be consistent| with
those gpecified in the proceduire definition, except that the interface may specify a procedure that is
not pure if the procedure/is defined to be pure. The specification part of an interface body| may
specify attributes or.define values for data entities that do not determine characteristics qf the
procedure. Suchrspecifications have no effect. An interface block shall not contain an EINTRY
statemlent, but @n entry interface may be specified by using the entry name as the procedure hame
in the|interface body. A procedure shall not have more than one explicit specific interfac¢ in a
given scoping unit.
NOTE124

The dummy argument names may be different because the name of a dummy argument is not
a characteristic.

NOTE 12.5
An example of an interface block without a generic specification is:

INTERFACE

SUBROUTINE EXT1 (X, Y, Z)
REAL, DIMENSION (100, 100) :: X, ¥, Z
END SUBROUTINE EXT1
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NOTE 12.5 (Continued)

997(E)

SUBROUTINE EXT2 (X, Z)

REAL X

COMPLEX (KIND = 4) Z (2000)
END SUBROUTINE EXT2

FUNCTION EXT3 (P, Q)
LOGICAL EXT3
INTEGER P (1000)
LOGICAL Q (1000)

END FUNCTION EXT3

INTERFACE

is interface block specifies explicit interfaces for the three external procedures-EXT]
d EXT3. Invocations of these procedures may use argument keywords (12.4.1); for ex

XT3 (Q = P_MASK (N+1 : N+1000), P = ACTUAL_P)

, EXT2,
ample:

terface block with a generic specification specifies a generic interface for each

of the

procedures in the interface block. If the interface block is in a module'or is in a scoping unit that

accepses a module by use association, the MODULE PROCEDURE ‘statement lists those

module

prodedures that have this generic interface. The listed module procedures may be defined in the

module containing the interface block or may be accessible via a USE statement.

The

charpcteristics of module procedures are not given in interface blocks, but are assumed from the

module subprograms. A generic interface is always explicit.

Any| procedure may be referenced via its specific interfacé. It also may be referenced via its
intefface, if it has one. The generic name, defined operator, or equals symbol in a
spedification is a generic identifier for all the procedures in the interface block. The rules

generic
generic
on how

any [two procedures with the same generic identifier shall differ are given in 14.1.2.3. They ensure

thatlany generic invocation applies to at mest-one specific procedure.

A generic name specifies a single nameé<to reference all of the procedure names in the interface

. A generic name may be the same as any one of the procedure names in the interfaq
e same as any accessible generi¢ name.

NOTE 12.6

e block,

An example of a generi¢.procedure interface is:
INTERFACE SWITCH

SUBROUTINE~INT_SWITCH (X, Y)
INTEGER,” INTENT (INOUT) :: X, Y
END SUBROUTINE INT_ SWITCH

SUBROUTINE REAL_SWITCH (X, Y)
REAL, INTENT (INOUT) :: X, Y
END SUBROUTINE REAL_SWITCH

—SUBROUTINE COMPLEX—_SWITCH(¥:¥)
COMPLEX, INTENT (INOUT) :: X, Y
END SUBROUTINE COMPLEX_ SWITCH

END INTERFACE SWITCH

reference to INT_SWITCH could take the form:

CALL SWITCH (MAX_ VAL, LOC_VAL) ! MAX VAL and LOC_VAL are of type INTEGER

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
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12.3.2.1.1 Defined operations

If OPERATOR is specified in a generic specification, all of the procedures specified in the interface
block shall be functions that may be referenced as defined operations (12.4). In the case of
functions of two arguments, infix binary operator notation is implied. In the case of functions of
one argument, prefix operator notation is implied. OPERATOR shall not be specified for functions
with no arguments or for functions with more than two arguments. The dummy arguments shall
be nonoptional dummy data objects and shall be specified with INTENT (IN) and the function result
shall not have assumed character length. If the operator is an intrinsic-operator (R310), the number of
function arguments shall be consistent with the intrinsic uses of that operator.

A defined operation is treated as a reference to the function. For a unary defined operatien| the
operand corresponds to the function’s dummy argument; for a binary operation, the left-hand
operand corresponds to the first dummy argument of the function and the right-hand~operand
corresponds to the second dummy argument.

NO[TE 12.7
Anfexample of the use of the OPERATOR generic specification is:

INTERFACE OPERATOR ( * )

FUNCTION BOOLEAN_AND (Bl, B2)
LOGICAL, INTENT (IN) :: Bl (:), B2 (SIZE (Bl))
LOGICAL :: BOOLEAN AND (SIZE (Bl))

END FUNCTION BOOLEAN AND

ENI) INTERFACE OPERATOR ( * )

This allows, for example
SENSOR (1:N) * ACTION (1:N)
as alternative to the function call

BOOLEAN _AND (SENSOR (1:N), ACTION (d1:N)) ! SENSOR and ACTION are
! of type LOGICAL

A given defined operator may, as with generic names, apply to more than one function, in which
case it s generic in exact analogy to generic procedure names. For intrinsic operator symbols| the
generic| properties include the intrinsic operations they represent. Because both forms of pach
relationfal operator have the same interpretation (7.3), extending one form (such as <=) hag the
effect of defining both forms\(<= and .LE.).

12.3.2.1.2 Defined assignments

NMENT ds-specified in an INTERFACE statement, all the procedures in the interface Hlock
subroutines that may be referenced as defined assignments (7.5.1.3). Each of these
lines shall have exactly two dummy arguments. Each argument shall be nonoptional. | The
ument shall have INTENT (OUT) or INTENT (INOUT) and the second argument shall have
ed as 2 ! he \and
side as the f1rst argument and the rlght-hand 51de 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.

NOTE 12.8
An example of the use of the ASSIGNMENT generic specification is:

INTERFACE ASSIGNMENT ( = )

SUBROUTINE LOGICAL_TO_NUMERIC (N, B)
INTEGER, INTENT (OUT) :: N
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NOTE 12.8 (Continued)
LOGICAL, INTENT (IN) :: B
END SUBROUTINE LOGICAL_TO_NUMERIC

SUBROUTINE CHAR_TO_STRING (S, C)
USE STRING_MODULE ! Contains definition of type STRING
TYPE (STRING), INTENT (OUT) :: S ! A variable-length string
CHARACTER (*), INTENT (IN) :: C

END SUBROUTINE CHAR TO_STRING

END INTERFACE ASSIGNMENT ( = )

xample assignments are:

= SENSOR (J) ! CALL LOGICAL_TO_NUMERIC (KOUNT, (SENSOR (J)))
OTE = '89AB' ! CALL CHAR_TO_STRING (NOTE, ('89AB'))

12.3(2.2 EXTERNAL statement
An BXTERNAL statement specifies the EXTERNAL attribute for a list of narmes.
R1208 external-stmt is EXTERNAL [ :: ] external-name<list

EacH external-name shall be the name of an external procedure, a dammy argument, or a bldck data
program unit.

The pppearance of the name of a dummy argument in an EXTERNAL statement specifies that the
dummy argument is a dummy procedure. The appearancé in an EXTERNAL statement of |a name
that fis not the name of a dummy argument specifies)that the name is the name of an ¢xternal
procgdure or block data program unit.

If any external procedure name or a dummy procedure name is used as an actual argunfent, its
interface shall be explicit or it shall be explicitly declared to have the EXTERNAL attribute.
Appgarance of an intrinsic procedure name in an EXTERNAL statement causes that name to
become the name of an external procedure and thus the intrinsic procedure of the same name is
not gvailable in the scoping unit.

The pppearance of the name of a block data program unit in an EXTERNAL statement cpnfirms
that the block data program unit.is a part of the program.

Only| one appearance of a name in all of the EXTERNAL statements in a scoping unit is permitted.
A name that appears in.an EXTERNAL statement in a given scoping unit or is a use-associated
entity with the EXTERNAL attribute shall not also appear as a specific procedure name¢ in an
interface block in the scoping unit nor in an interface block that is accessible to the scoping|unit.

NOTE 12.9
For explanatory information on potential portability problems with external proceduses, see
section-C.9.1.

NOTE 12.10

An example of an EXTERNAL statement is:
EXTERNAL 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.

R1209 intrinsic-stmt is INTRINSIC [ :: ] intrinsic-procedure-name-list

Constraint:  Each intrinsic-procedure-name shall be the name of an intrinsic procedure.
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The appearance of a name in an INTRINSIC statement confirms that the name is the name of an
intrinsic procedure. The appearance of a generic intrinsic procedure name (13.11, 13.12) in an
INTRINSIC statement does not cause that name to lose its generic property. In a scoping unit, a
name may appear both as the name of a generic intrinsic procedure in an INTRINSIC statement
and as the name of a generic interface, provided that the procedures in the interface and the
specific intrinsic procedures are all functions or all subroutines (14.1.2.3).

If the specific name of an intrinsic function (13.13) is used as an actual argument, the name shall
either appear in an INTRINSIC statement or be given the INTRINSIC attribute in a type
declaration statement in the scoping unit.

Only ort:ppearance of a name in all of the INTRINSIC statements in a scoping unit is permitted.

NO[E 12.11
A flame shall not appear in both an EXTERNAL and an INTRINSIC statement in the same
scoping unit.

12.3.2.4 Implicit interface specification

In a scoping unit where the interface of a function is implicit, the type and type parameters of the
function result are specified by an implicit or explicit type specification 0f ‘the function name. | The
type, type parameters, and shape of dummy arguments of a procedure referenced from a scoping
unit where the interface of the procedure is implicit shall be such that the actual argumentg are
consistgnt with the characteristics of the dummy arguments.

12.4 |Procedure reference

The form of a procedure reference is dependent<on the interface of the procedure, but is
independent of the means by which the procedurédis defined. The forms of procedure refergnces
are:

R1210 |function-reference is function-name ( [ actual-arg-spec-list | )
Constraint: The actual-arg-spec-list for a function reference shall not contain an alt-return-spec.
R1211 (call-stmt is._ CALL subroutine-name [ ( [ actual-arg-spec-list 1) |

A function may also be referenced as a defined operation. A subroutine may also be referenced as
a defined assignment.

R1212 |actual-arg-spec is [ keyword =] actual-arg
R1213 | keyword is dummy-arg-name
R1214 |actual-arg is expr

or variable
or procedure-name
or alt-return-spec

RI215 latreturnespee i5—+label

Constraint: The keyword = shall 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 shall be the name of a dummy argument in the explicit interface of the
procedure.

Constraint: A non-intrinsic elemental procedure shall not be used as an actual argument.

Constraint: A procedure-name actual-arg shall not be the name of an internal procedure or of a
statement function and shall not be the generic name of a procedure unless it is also a
specific name (12.3.2.1, 13.1).
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NOTE 12.12

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, 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.

Constraint: In a reference to a pure procedure, a procedure-name actual-arg shall be the name of a

wre-brocedure-{12-6)
pare-procedure{12:6)-

NOTE 12.13

This constraint ensures that the purity of a procedure cannot be undermined by ,allowing it to

dall a nonpure procedure.

Constgaint: The label used in the alt-return-spec shall be the statement label of a branch target statement that appears in

the same scoping unit as the call-stmt.

NOTE 12.14

$uccessive commas shall not be used to omit optional arguments.

12.4{1 Actual arguments, dummy arguments, and argument association

In either a subroutine reference or a function reference, the’actual argument list identifies the
correspondence between the actual arguments supplied and the dummy arguments |of the
procg¢dure. In the absence of an argument keywordj.arf actual ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>