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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commis-
sion) 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 technical activity. ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and nongovernmental,
in liaison with ISO and TEC, also take part in the work. In the field of information technology, ISO and IEC have
established a joint technical committee, ISO/TEC JTC 1.
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rights. ISO and IEC shall not be held responsible for identifyiiig any or all such patent rights.

ISq

Sulbcommittee SC22, Programming languages, their entironments and system software interfaces.

rinational Standards are drarted 11 accordance with the rules given m the 15U/1IEU Directives, Fart 2.

b main task of the joint technical committee is to prepare International Standards. Draft International S
s adopted by the joint technical committee are circulated to national bodies for voting. Publication
brnational Standard requires approval by at least 75 % of the national bodies casting a vote!

bther circumstances, particularly when there is an urgent market requirement for suchrdecuments, the

agreement between the members of the joint technical committee and is accepted for publication if
roved by 2/3 of the members of the committee casting a vote.

ISO/IEC TS is reviewed after three years in order to decide whether it will'be confirmed for a further
s, revised to become an International Standard, or withdrawn. If the ISO/IEC TS is confirmed, it is rev|
in after a further three years, at which time it must either be transfotmed into an International Stands
withdrawn.

ention is drawn to the possibility that some of the elements{of ‘this document may be the subject of

JIEC TS 29113:2012 was prepared by Joint TechnicalCommittee ISO/IEC JTC 1, Information techn)
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hnical committee may decide to publish an ISO/TEC Technical Specification (ISO/TEG, TS), which repr¢sents
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Introduction

The system for interoperability between the C language, as standardized by ISO/IEC 9899:1999, and Fortran, as
standardized by ISO/TEC 1539-1:2010, provides for interoperability of procedure interfaces with arguments that
are non-optional scalars, explicit-shape arrays, or assumed-size arrays. These are the cases where the Fortran
and C data concepts directly correspond. Interoperability is not provided for important cases where there is not
a direct correspondence between C and Fortran.

The existing system for interoperability does not provide for interoperability of interfaces with Fortran dummy ar-
guments that are assumed-shape arrays, have assumed character length, or have the ALLOCATABLE, POINTER,

or
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int¢gration, in which case every reasonable effort will he'thade to minimize the impact of such changes on ex]

implementations.

This Technical Specification is organized in 9 elauses:
Scope Clause 1
Normative references Clause 2
Terms and definitions Clause 3
Compatibility Clause 4
Type specifiers and_attributes Clause 5
Procedures Clause 6
New intrinsic\procedure Clause 7
Interoperability with C Clause 8

It 4

PTTONATL attributes. AS a CONSEqUENCE, a SigNilicant class of Fortran subprograims is Not portably accq
n C, limiting the usefulness of the facility.

b provision in the existing system for interoperability with a C formal parameter that is a pointer to v
bnvenient to use and error-prone. C functions with such parameters are widely used.

s Technical Specification extends the facility of Fortran for interoperating with C to providé-for interopera
rocedure interfaces that specify dummy arguments that are assumed-shape arrayshave assumed chai
bth, or have the ALLOCATABLE, POINTER, or OPTIONAL attributes. New Fortran concepts of ass
e and assumed rank are introduced. The former simplifies interoperation with formal parameters of
id *). The latter facilitates interoperability with C functions that can acceptvargliments of arbitrary ran
insic function, RANK] is specified to obtain the rank of an assumed-rank(variable.

b facility specified in this Technical Specification is a compatible extension of Fortran as standardiz
JTIEC 1539-1:2010. It does not require that any changes be made-to the C language as standardiz
JTEC 9899:1999.

5 the intention of ISO/IEC JTC 1/SC22 that the semantics and syntax specified by this Technical Specifi
included in the next revision of ISO/IEC 1539-1 without change unless experience in the implement
use of this feature identifies errors that need to.béltorrected, or changes are needed to achieve p

Required -editorial changes to ISO/IEC 1539-1:2010(E) Clause 9
Iso containg§ the following nonnormative material:
Extended notes Annex A

NOTE 0.1
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ISO/IEC 1539-1:2010 references ISO/IEC 9899:1999. For consistency, this Technical Specification
references ISO/TEC 9899:1999, not ISO/IEC 9899:2011.

also
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TECHNICAL SPECIFICATION ISO/IEC TS 29113:2012(E)

Information technology — Further interoperability of Fortran
with C

1| Scope

This Technical Specification specifies the form and establishes the interpretation of facilitigssthat extend the
Foiltran language defined by ISO/IEC 1539-1:2010. The purpose of this Technical Specification is to prdmote
potltability, reliability, maintainability, and efficient execution of programs containing ‘parts written in Fdrtran
and parts written in C, for use on a variety of computing systems.

© ISO/IEC 2012 — All rights reserved
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2 Normative references

The following referenced standards are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

ISO /Tp(\‘ 1530.1:-2010  Information technologu— Programminag lanaguages— Faortran  Part 1-BRoco lomangae
J JJ J J J J J J

ISO/IEC 9899:1999, Programming languages—C

© ISO/IEC 2012 — All rights reserved 3


https://standardsiso.com/api/?name=d860ddc2ea6754e28264c005f21ddcf3

ISO/IEC TS 29113:2012(E)

(Blank page)

© ISO/IEC 2012 — All rights reserved


https://standardsiso.com/api/?name=d860ddc2ea6754e28264c005f21ddcf3

ISO/IEC TS 29113:2012(E)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 1539-1:2010 and the following
apply.

3.1

as ed-rank nhjnrf

dugnmy variable whose rank is assumed from its effective argument

3.
assumed-type object
duinmy variable declared with the TYPE(*) type specifier

C descriptor
C dtructure of type CFI_cdesc_t

NOTE 3.1

A C descriptor is used to describe a Fortran object that has no exact @nalog in C.

© ISO/IEC 2012 — All rights reserved 5
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4 Compatibility

4.1 New intrinsic procedures

This Technical Specification defines an intrinsic procedure in addition to those specified in ISO/TEC 1539-1:2010.
Therefore, a Fortran program conforming to ISO/TEC 1539-1:2010 might have a different interpretation under this
Tedhnical Specification if it invokes an external procedure having the same name as the new intrinsic procgdure,
unless that procedure is specified to have the EXTERNAL attribute.

4.2 Fortran 2008 compatibility

This Technical Specification specifies an upwardly compatible extension to ISO/IEC 1539-1:2010.

© ISO/IEC 2012 — All rights reserved 7
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5 Type specifiers and attributes

5.1 Assumed-type objects

The syntax rule R403 declaration-type-spec in subclause 4.3.1.1 of ISO/IEC 1539-1:2010 is replaced by

R403  declaration-type-spec is intrinsic-type-spec
or TYPE ( intrinsic-type-spec )
or TYPE ( derived-type-spec )
or CLASS ( derived-type-spec )
or CLASS (*)
or TYPE ( *)

An|entity declared with a declaration-type-spec of TYPE (*) is an assumed-type entity.- It has no declared
and its dynamic type and type parameters are assumed from its effective argument: An assumed-type obj

unlimited polymorphic.

C47a  An assumed-type entity shall be a dummy variable that does not haye.the ALLOCATABLE, CODI)
SION, INTENT(OUT), POINTER, or VALUE attribute and is not-an explicit-shape array.

C4P7b An assumed-type variable name shall not appear in a degignator or expression except as an 4
argument corresponding to a dummy argument that is asSumed-type, or as the first argument to g
the intrinsic and intrinsic module functions IS_.CONTIGYOUS, LBOUND, PRESENT, RANK, SH|
SIZE, UBOUND, and C_LOC.

C4P7c An assumed-type actual argument that corresponds to an assumed-rank dummy argument sh
assumed-shape or assumed-rank.

type
ect is

VEN-

ctual
ny of
APE,

11 be

NOTE 5.1

An assumed-type object that is not assumed-shape and not assumed-rank is intended to be passed a$ the
C address of the object. This means‘that there would be insufficient information passed for an assuned-
type explicit-shape array that is an“actual argument corresponding to an assumed-shape dummy argunpent.
Therefore TYPE(*) explicit-shape-is not permitted.

NOTE 5.2

This Technical Specification provides no mechanism for a Fortran procedure to determine the actual [type
of an assumed-typé-argument.

5.2 Assumed-rank objects

The syntaxirule R515 array-spec in subclause 5.3.8.1 of ISO/TEC 1539-1:2010 is replaced by

R515) array-spec

is

explicit-shape-spec-list

or
or
or
or
or

assumed-shape-spec-list
deferred-shape-spec-list
assumed-size-spec
implied-shape-spec-list
assumed-rank-spec

An assumed-rank object is a dummy variable whose rank is assumed from its effective argument. An assumed-rank
object is declared with an array-spec that is an assumed-rank-spec.

© ISO/IEC 2012 — All rights reserved
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Rb522a  assumed-rank-spec is

Cbh35a  An assumed-rank entity shall be a dummy variable that does not have the CODIMENSION or VALUE

An

attribute.

assumed-rank object may have the CONTIGUOUS attribute.

C535b  An assumed-rank variable name shall not appear in a designator or expression except as an actual

argument corresponding to a dummy argument that is assumed-rank, the argument of the C_LOC function
in the ISO_C_BINDING intrinsic module, or the first argument in a reference to an intrinsic inquiry
function.

Ch

5¢ If an assumed-size or nonallocatable nonpointer assumed-rank array is an actual argument corréspopding
to a dummy argument that is an INTENT(OUT) assumed-rank array, it shall not be polymotphic,
finalizable, of a type with an allocatable ultimate component, or of a type for which defaulf initialiation
is specified.

The definition of TKR compatible in paragraph 2 of subclause 12.4.3.4.5 of ISO/IEC 1539-1L:2010 is changgd to:

Th
pra

Th
C

—_

.3 ALLOCATABLE;'OPTIONAL, and POINTER attributes

A dummy argument is type, kind, and rank compatible, or TKR compatible, with another dummy
argument if the first is type compatible with the second, the kind type parameters of the first have
the same values as the corresponding kind type parameters of the second, and both have the same
rank or either is assumed-rank.

NOTE 5.3

The intrinsic inquiry function RANK can be used to inquire/about the rank of a data object. The rak of
an assumed-rank object is zero if the rank of the corresponding actual argument is zero.

NOTE 5.4
Assumed rank is an attribute of a Fortran dimimy argument. When a C function is invoked with an
actual argument that corresponds to an assiumed-rank dummy argument in a Fortran interface for thiat C
function, the corresponding formal parantéter is the address of a descriptor of type CFI_cdesc_t (8.7).|The
rank member of the descriptor provides_the rank of the actual argument. The C function should thergfore
be able to handle any rank. On eachihvocation, the rank is available to it.

b ALLOCATABLE, OPTIONAL, and POINTER attributes may be specified for a dummy argument in a
cedure interface thathas the BIND attribute.

b constraint C1255 in subclause 12.6.2.2 of ISO/IEC 1539-1:2010 is replaced by the following three constrpints.

P55 (R1230) If proc-language-binding-spec is specified for a procedure, each dummy argument shall be an in-
terepérable procedure (15.3.7) or a variable that is interoperable (15.3.5, 15.3.6), assumed shape, assumed
rank, assumed type, of assumed character length, or has the ALLOCATABLE or POINTER attribyte. If

proc-language-binding-spec is specified for a function, the function result shall be an interoperable $calar

variabie:

C1255a (R1230) A dummy argument of a procedure that has a proc-language-binding-spec shall not have both

the OPTIONAL and VALUE attributes.

C1255b (R1230) A variable that is a dummy argument of a procedure that has a proc-language-binding-spec shall

10

be of interoperable type or assumed type.

© ISO/IEC 2012 — All rights reserved
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The following constraint is added to subclause 5.3.6.1 of ISO/TEC 1539-1:2010.

Cbh24a A coarray shall not be a dummy argument of a procedure that has a proc-language-binding-spec.

Constraint C516 in subclause 5.3.1 of ISO/IEC 1539-1:2010 says “The ALLOCATABLE, POINTER, or OP-
TIONAL attribute shall not be specified for a dummy argument of a procedure that has a proc-language-binding-

spec.” This is replaced by the following, less restrictive constraint.

C516 The ALLOCATABLE or POINTER attribute shall not be specified for a default-initialized dummy

argument of a procedure that has a proc-language-binding-spec.

NOTE 5.5

inconsistent with the effect of ALLOCATE in Fortran.

It would be a severe burden to implementors to require that CFI_allocate initialize components of.an 6bject
of a derived type with default initialization. The alternative of not requiring initialization would have peen

5.4 ASYNCHRONOQOUS attribute

5.4.1 Introduction

The ASYNCHRONOUS attribute is extended to apply to variables that are uséd for asynchronous communicption.

.2 Asynchronous communication

Asynchronous communication for a Fortran variable occurs through) the action of procedures defined by theans

r than Fortran. It is initiated by execution of an asynchreénous communication initiation procedur¢ and

completed by execution of an asynchronous communication completion procedure. Between the execution ¢f the
inifiation and completion procedures, any variable of which*any part is associated with any part of the jasyn-
chrpnous communication variable is a pending communi€ation affector. Whether a procedure is an asynchrpnous

Asynchronous communication is either input communication or output communication. For input communication,
a pending communication affector shall not belreferenced, become defined, become undefined, become assogiated

For

outiput communication, a pending comimunication affector shall not be redefined, become undefined, or have its

pointer association status changed.

NOTE 5.6

For example,

REAL :: BUF(100,100)
I"'Code that involves BUF
BLOCK
ASYNCHRONQUS :: BUF
€ALL MPI_IRECV(BUF,...REQ,...)
! Code that does not involve BUF
CALL MPI_WAIT(REQ,...)

MR RIL OO
LIVD- DLOCIY

! Code that involves BUF

this communication to complete. The restrictions are the same as for asynchronous input data transfer.

Asynchronous communicagion can be used for nonblocking MPI calls such as MPI_ IRECV and MPI_ISHND.

In this example, there is asynchronous input communication and BUF is a pending communication affector
between the two calls. MPI.IRECV may return while the communication (reading values into BUF) is still
underway. The intent is that the code between MPI_IRECV and MPI_WAIT executes without waiting for

© ISO/IEC 2012 — All rights reserved
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NOTE 5.6 (cont.)

Similar code with the call of MPI_IRECV replaced by a call of MPI_ISEND is asynchronous output com-
munication. The restrictions are the same as for asynchronous output data transfer.

© ISO/IEC 2012 — All rights reserved
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Procedures

6.1 Characteristics of dummy data objects

Additionally to the characteristics listed in subclause 12.3.2.2 of ISO/IEC 1539-1:2010, whether the type or rank
of a dummy data object is assumed is a characteristic of the dummy data object.

6.

Ad
if if

An
has

gre
the
arg

A
typ

=

WH
aln
var|

WH
dui
the

6.
6.4

Th

P Explicit interface

Hitionally to the rules of subclause 12.4.2.2 of ISO/IEC 1539-1:2010, a procedure shall have an éxplicit int
has a dummy argument that is assumed-rank.

NOTE 6.1

briace

An explicit interface is also required for a procedure if it has a dummy argiment that is assumed
because an assumed-type dummy argument is polymorphic.

type

.3 Argument association

assumed-rank dummy argument may correspond to an actual@rgument of any rank. If the actual argy
rank zero, the dummy argument has rank zero; the shapelis a zero-sized array and the LBOUNI
OUND intrinsic functions, with no DIM argument, return zero-sized arrays. If the actual argument hag
hter than zero, the rank and extents of the dummy argument are assumed from the actual argument, incl
lack of a final extent in the case of an assumed-sizearray. If the actual argument is an array and the dy
ument is allocatable or a pointer, the bounds of thé dummy argument are assumed from the actual argu

assumed-type dummy argument shall not correspond to an actual argument that is of a derived type th
e parameters, type-bound procedures, or fihal subroutines.

en a Fortran procedure that has an INPENT(OUT) allocatable dummy argument is invoked by a C fun
the actual argument in the C funétion is the address of a C descriptor that describes an allocated alloc
jable, the variable is deallocated on entry to the Fortran procedure.

en a C function is invoked\from a Fortran procedure via an interface with an INTENT(OUT) allocd
nmy argument, and the-actdal argument in the reference to the C function is an allocated allocatable va
variable is deallocated~en invocation (before execution of the C function begins).

i Intrinsic’procedures

1.1 SHAPE

b deseription of the intrinsic function SHAPE in ISO/IEC 1539-1:2010 is changed for an assumed-rank

th

ment
and
rank
nding
Immy
nent.

t has

Ction,
table

table
iable,

array

t has

It 1s”agsociated with an assumed-size arrav: an assumed-size arrav has no shane but in thig case the resy
I

a value equal to [ (SIZE (ARRAY, I, KIND), I=1, RANK (ARRAY)) | with KIND omitted from SIZE if it was
omitted from SHAPE.

6.4.2 SIZE

The description of the intrinsic function SIZE in ISO/IEC 1539-1:2010 is changed in the following cases:

© ISO/IEC 2012 — All rights reserved
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(1)  for an assumed-rank object that is associated with an assumed-size array, the result has the value —1
if DIM is present and equal to the rank of ARRAY, and a negative value that is equal to PRODUCT
([ (SIZE (ARRAY, I, KIND), I=1, RANK (ARRAY)) | ) if DIM is not present;

(2)  for an assumed-rank object that is associated with a scalar, the result has the value 1.

6.4.3 UBOUND

The description of the intrinsic function UBOUND in ISO/IEC 1539-1:2010 is changed for an assumed-rank
object that is associated with an assumed-size array; the result of UBOUND (ARRAY, RANK(ARRAY), KIND)
has a value equal to LBOUND (ARRAY, RANK (ARRAY), KIND) —2 with KIND omitted from LBOUND if it

wag omitted from UBOUND.

NOTE 6.2
If LBOUND or UBOUND is invoked for an assumed-rank object that is associated with a scalar and [DIM
is absent, the result is a zero-sized array. LBOUND or UBOUND cannot be invoked forpan*assumed-rank
object that is associated with a scalar if DIM is present because the rank of a scalar is\zéro and DIM fust
be > 1.

14 © ISO/IEC 2012 — Al rights reserved
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7 New intrinsic procedure

7.1 General

Detailed specification of the generic intrinsic function RANK is provided in 7.2. The types and type parameters of
the RANK intrinsic procedure argument and function result are determined by this specification. The “Argument”
patagraph specifies requirements on the actual arguments of the procedure. The intrinsic function RANK-is|pure.

7.2 RANK (A)

Description. Rank of a data object.
Class. Inquiry function.

Argument.

A shall be a scalar or array of any type.
Result Characteristics. Default integer scalar.

Relult Value. The result is the rank of A.

Exhmple. If X is a dummy argument declared with REAL X{.) and is argument associated with an gctual
argument that was declared REAL Y(:,:,:), RANK(X) has the,value 3.

© ISO/IEC 2012 — Al rights reserved 15
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(Blank page)
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Interoperability with C

8.1 Removed restrictions on ISO_C_BINDING module procedures

The subroutine C_F_POINTER from the intrinsic module ISO_C_BINDING has the restriction in ISO/TEC 1539-

1:2

10 that if FPTR is an array. it shall be of interoperable type.

Th
153
pra

Th
if ¥

Th

that its argument shall be interoperable.

Th
If 1

arg]

8.

A
it

strficture is defined in the file ISO_Fortran_bindingih.

8.
8.3

Th
dinf
maj
def]
seld
use
Th
ass

I8S(
mo

b function C_F_PROCPOINTER from the intrinsic module ISO_C_BINDING has the restriction in NS¢
9-1:2010 that CPTR and FPTR shall not be the C address and interface of a noninteroperable Fd
cedure.

b function C_LOC from the intrinsic module ISO_C_BINDING has the restriction in ISO/IBC*1539-1:201
[ is an array, it shall be of interoperable type.

b function C_FUNLOC from the intrinsic module ISO_C_BINDING has the restriction in ISO/IEC 1539-1

bse restrictions are removed.

he value of a C function pointer will be the result of a reference to, C_.FUNLOC with a noninterope
ument, it is recommended that the C function pointer be declared veid () ().

P C descriptors

descriptor is a C structure of type CFI_cdesc_t. Together with library functions that have standard protot
rovides a means for describing and manipulating Fortran data objects from within a C function. T

3 1SO _Fortran_binding.h

.1 Summary of contents

b ISO_Fortran_binding.h héader file shall contain the definitions of the C structures CFI_cdesc_t and
1 _t, typedef definitions for- €FI_attribute_t, CFIl.index_t, CFI_rank_t, and CFI_type_t, the definition

JIEC

rtran

that

:2010

rable

ypes,
his C

CFI_-
f the

tro CFI.CDESC_T, maerg-definitions that expand to integer constants, and C function prototypes or macro

nitions for CFI_addressy CFI_allocate, CFI_deallocate, CFI_establish, CFI_is_contiguous, CFI_section,
ct_part, and CFlgetpointer. The types, macros, and functions declared in ISO_Fortran_binding.h c
d by a C functien to interpret a C descriptor and allocate and deallocate objects represented by a C descr]
bse provide a ndeans to specify a C prototype that interoperates with a Fortran interface that has an alloca
imed character length, assumed-rank, assumed-shape, or data pointer dummy argument.

_Fortran_binding.h may be included in any order relative to the standard C headers, and may be inc
e~than once in a given scope, with no effect different from being included only once, other than the effe

CFI_-
hn be
iptor.
table,

luded
ct on

lin

nidmbers

A C source file that includes the ISO_Fortran_binding.h header file shall not use any names starting with
CFI. that are not defined in the header, and shall not define any of the structure names defined in the header
as macro names. All names other than structure member names defined in the header begin with CFI_ or an
underscore character, or are defined by a standard C header that it includes.

© ISO/IEC 2012 — All rights reserved
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8.3.2 CFldim_t

CFI_dim_t is a named C structure type defined by a typedef. It is used to represent lower bound, extent, and
memory stride information for one dimension of an array. The type CFI_index_t is described in 8.3.4. CFI_dim_t
contains at least the following members in any order.

CFl.index_t lower_bound; The value is equal to the value of the lower bound for the dimension being de-

scribed.

CFl.index_t extent; The value is equal to the number of elements along the dimension being described, or the

CH

8.3

CF
at ]
of

rec
din

aln

VOJl

siz

int

CH

CE

CH

CH

value -1 for the final dimension of an assumed-size array.

I.index_t sm; The value is equal to the memory stride for a dimension. The value is the distafice in
between the beginnings of successive elements along the dimension being described.

3.3 CFl_cdesc_t

[_cdesc_t is a named C structure type defined by a typedef, containing a flexible arraynmember. It shall cg

east the members described in the list that follows this paragraph. The values ofitliese members of a stry

ype CFl_cdesc_t that is produced by the functions and macros specified imthis Technical Specificati

bived by a C function when invoked by a Fortran procedure, shall have the following properties. The first

mbers of the structure shall be base_addr, elem_len, and version in¢hat order. The final member sh
, with the other members after version and before dim in any order.-The types CFI_attribute_t, CFI_r
CFI_type_t are described in 8.3.4. The type CFI_.dim_t is described in 8.3.2.

d * base_addr; If the object is an unallocated allocatable, variable or a pointer that is disassociate
value is a null pointer. If the object has zero size, the value is not a null pointer but is otherwise proc
dependent. Otherwise, the value is the base addresstof the object being described. The base addres
scalar is its C address. The base address of an array is the C address of the first element in Fortran
element order (6.5.3.2 of ISO/IEC 1539-1:2010):

b_t elem_len; If the object is scalar, the value is the storage size in bytes of the object; otherwise, the
is the storage size in bytes of an element-of the object.

version; The value is equal to the-value of CFI_VERSION in the ISO_Fortran_binding.h header filg
defined the format and meaning of this C descriptor when the descriptor was established.

I_rank t rank; The value/is\equal to the number of dimensions of the Fortran object being described.
object is a scalar, the value is zero.

I type_t type; Thevalue is equal to the specifier for the type of the object. Each interoperable intrinl
type has a spegifier. Specifiers are also provided to indicate that the type of the object is an interopg
structure, ords)inknown. The macros listed in Table 8.2 provide values that correspond to each speq

I_attribute’t attribute; The value is equal to the value of an attribute code that indicates whethg
object\described is allocatable, a data pointer, or a nonallocatable nonpointer data object. The nj
listedin Table 8.1 provide values that correspond to each code.

bytes

ntain
cture
n, or
three
hll be
ink_t,

|, the
PSSOT-
L of a
array

value

that

[f the

sic C
rable
ifier.

r the
acros

ent of

Idim_t dim][ ]; The number of elements in the dim array is equal to the rank of the object. Each elem

the array contains the lower bound, extent, and memory stride information for the corresponding dimension

of the Fortran object.

For a C descriptor of an array pointer or allocatable array, the value of the lower_bound member of each element
of the dim member of the descriptor is determined by argument association, allocation, or pointer association.
For a C descriptor of a nonallocatable nonpointer object, the value of the lower_bound member of each element
of the dim member of the descriptor is zero.
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There shall be an ordering of the dimensions such that the absolute value of the sm member of the first dimension
is not less than the elem_len member of the C descriptor and the absolute value of the sm member of each
subsequent dimension is not less than the absolute value of the sm member of the previous dimension multiplied
by the extent of the previous dimension.

In a C descriptor of an assumed-size array, the extent member of the last element of the dim member has the
value —1.

NOTE 8.1
The reason for the restriction on the absolute values of the sm members is to ensure that there is no overlap

thWUUll t}IU Ult}llltﬂlt’b Uf t‘lltf alldy that ib bb‘illé dtﬂbblibcb‘l, W}lilU dllUWillg fUl tllC lculdclills Uf bubbblipts.
Within Fortran, such a reordering can be achieved with the intrinsic function TRANSPOSE or the,intsinsic
function RESHAPE with the optional argument ORDER, and an optimizing compiler can accorhimoddte it
without making a copy by constructing the appropriate descriptor whenever it can determine that a popy
is not needed.

NOTE 8.2
The value of elem_len for a Fortran CHARACTER object is equal to the charactérmlength times the nuinber
of bytes of a single character of that kind. If the kind is C_.CHAR, this value,will be equal to the character
length.

8.3.4 Macros and typedefs

The¢ macros and typedefs described in this subclause are defined in IS0_Fortran_binding.h. Except for CFI_-
CDESC_T, each macro expands to an integer constant expression)that is either a single token or a parenth¢sized
expjression that is suitable for use in #if preprocessing directives.

CF[_L.CDESC_T is a function-like macro that takes one argument, which is the rank of the C descriptor to cfeate,
and evaluates to an unqualified type of suitable size and alignment for defining a variable to use as a C descriptor
of {hat rank. The argument shall be an integer constant expression with a value that is greater than or eqial to
zerp and less than or equal to CFI.MAX _RANK: \A’pointer to a variable declared using CFI_.CDESC_T chn be
casp to CFI_cdesc_t *. A variable declared using CFI_CDESC_T shall not have an initializer.

NOTE 8.3

The CFI_.CDESC_T macro providesjthe memory for a C descriptor. The address of an entity declared ysing
the macro is not usable as an actual argument corresponding to a formal parameter of type CFI_cdesp_t *
without an explicit cast. Fdr-example, the following code uses CFI_.CDESC_T to declare a C descriptpr of
rank 5 and pass it to CFidéallocate (8.3.5.4).

CFI_CDESC_T(5) ‘object;
int ind;

. code _%0) define and use C descriptor ...
ind = @6FI/deallocate((CFI_cdesc_t *) &object);

CFll.indextt s a typedef name for a standard signed integer type capable of representing the result of subtrgcting
twq pointers.

Thi CFI,I\/IA:/\,RATVYI\ II1aCro }.ld.b d plULUbbUl-dt‘p@lldﬁllb Vd.lu@ ﬁqual O l/hﬁ 1dlgﬁbb ldllk SUpPPOL bﬁd. Tll@ Value
shall be greater than or equal to 15. CFIrank_t is a typedef name for a standard integer type capable of
representing the largest supported rank.

The CFI_VERSION macro has a processor-dependent value that encodes the version of the ISO_Fortran_-
binding.h header file containing this macro.

© ISO/IEC 2012 — All rights reserved 19
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NOTE 8.4

The intent is that the version should be increased every time that the header is incompatibly changed,

not defined by this Technical Specification.

that the version in a C descriptor may be used to provide a level of upwards compatibility, by using means

and

The macros in Table 8.1 are for use as attribute codes. The values shall be nonnegative and distinct. CFI_-
attribute_t is a typedef name for a standard integer type capable of representing the values of the attribute

codes.
Table 8.1: Macros specifyving attribute codes
Macro Code

CFl_attribute_pointer data pointer

CFl_attribute_allocatable | allocatable

CFI1_attribute_other nonallocatable nonpointer
CF[_attribute_pointer specifies a data object with the Fortran POINTER attribute” “CFI_attribute_allocg
specifies an object with the Fortran ALLOCATABLE attribute. CFI_attribute_other specifies a nonallocs
nonppointer object.

Th
fro
typ
wit

Otl
Ad

thajt are not represented by other type specifiers and noeninteroperable Fortran derived types that do not|

tyD
PO

CF
typ

b macros in Table 8.2 are for use as type specifiers. The value for CFI_typezother shall be negative and di
n all other type specifiers. CFI_type_struct specifies a C structure that.is"interoperable with a Fortran dg
e; its value shall be positive and distinct from all other type specifiers. If a C type is not interopg
[h a Fortran type and kind supported by the Fortran processor] its macro shall evaluate to a negative
herwise, the value for an intrinsic type shall be positive.

Hitional nonnegative processor-dependent type specifierivalues may be defined for Fortran intrinsic

e parameters, type-bound procedures, final subroutines, nor components that have the ALLOCATAB]
INTER attributes, or correspond to CFI_type_other.

[_type_t is a typedef name for a standard integer type capable of representing the values for the supp
e specifiers.

Table 8*2: Macros specifying type codes

table
table

stinct
rived
rable
alue.

types
have
LE or

orted

Macro C Type
CEl\type_signed_char signed char
CF¥Etype_short short int
CF1_type_int int
CFI_type_long long int

CFl_type_long_long
CFI1_type_size_t
CFI_type_int8_t
CFlI_type_int16_t
CFl1 type.int32_t
CFl_type_int64_t

Fal nh avs MO | £ Q4

long long int
size_t

int8_t
int16_t
int32_t
int64_t

33t £ Q&
IIIU _ITC S UOU U

20

O~ 1I-Cy PUTITTICTUAS TO-0

CFI_type_int_least16_t
CFl1_type_int_least32_t
CFI_type_int_least64_t
CFI1 type_int_fast8_t
CFl_type_int_fast16_t
CFI_type_int_fast32_t
CFlI_type_int_fast64_t

int_least16_t
int_least32_t
int_least64_t
int_fast8_t
int_fast16_t
int_fast32_t
int_fast64_t
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(cont.)

Macro

C Type

CFl_type_intmax_t

CFl_ type_intptr_t
CFI1_type_ptrdiff_t
CFI_type_float
CFI_type_double
CFI_type_long_double
CF1_type_float_Complex

intmax_t
intptr_t
ptrdiff t

float

double

long double
float _Complex

EHFt-typedouble-Comptex
CFI1_type_long_double_Complex
CFI_type_Bool

CFI1_type_char

CFI_type_cptr

CFI1_type_struct

CFI_type_other

1 11 yal 1
aouple _UOUIIpPICXx

long double _Complex

_Bool
char
void *

interoperable C structure
Not otherwise specified

NOTE 8.5

int32_t might have the same value.

The specifiers for two intrinsic types can have the same value. For examiple, CFI _type_int and CFI_type_-

The¢ macros in Table 8.3 are for use as error codes. The macro CFLSUCCESS shall be defined to be the inpteger
corlstant 0. The value of each macro other than CFI_.SUCCESS sshall be nonzero and shall be different from the

valpies of the other macros specified in this subclause. Error conditions other than those listed in this sub
shquld be indicated by error codes different from the values.ofythe macros named in this subclause.

The error codes that indicate the following error conditions are named by the associated macro name.

Table 8.3: Macras, specifying error codes

lause

Macro

Error

FI_SUCCESS

(FI.ERROR_BASE_ADDR_NULL

FI.LERROR_BASE_ADDR_NOT_NULL

(FIINVALID_ELEM_LEN

FIINVALID RANK
is not valid.

FIANVALID_TYPE

No error detected.

The base address member of a C descriptor is a null pointer
in a context that requires a non-null pointer value.

The base address member of a C descriptor is not a null pointer
in a context that requires a null pointer value.

The value supplied for the element length member of a
C descriptor is not valid.

The value supplied for the rank member of a C descriptor

The value supplied for the tvpe member of a C descriptor

is not valid.

CFLINVALID_ATTRIBUTE

CFIINVALID_EXTENT

© ISO/IEC 2012 — All rights reserved

The value supplied for the attribute member of a
C descriptor is not valid.

The value supplied for the extent member of a CFI_.dim_t
structure is not valid.
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Macros specifying error codes (cont.)
Macro Error
CFILINVALID_DESCRIPTOR A general error condition for C descriptors.
CFILERROR_-MEM_ALLOCATION Memory allocation failed.
CFI_LERROR_OUT_OF_BOUNDS A reference is out of bounds.

8.

8.315.1 General

The macros and functions described in subclause 8.3 and the structure of the C descriptor provide a C fur

wi

assfimed-rank, assumed-shape, or data pointer argument.

Sotpe of the functions described in 8.3.5 return an integer value that indicates whether an error conditio

de
A

pe

ond error condition and an error condition is detected, which error conditions detected is processor depen

In

same as the ordering of the elements of the dim member of a C deScriptor.

Prdtotypes for these functions, or equivalent macros, are provided in the ISO_Fortran_binding.h file as des

in

ideptifiers declared with external linkage. If a macro definition is suppressed in order to access an actual fun
thel behavior is undefined.

8.315.2 void * CFl_address (_const CFl_cdesc_t * dv, const CFl_index_t subscripts[] );
Description. Compute the ‘Claddress of an object described by a C descriptor.

Formal Parameters.

dv |shall be the d@ddress of a C descriptor describing the object. The object shall not be an unallocated allocd

sulpscripts is ignored if the object is scalar. If the object is an array, subscripts is the address of a subs

3.9 Functions

th the capability to interoperate with a Fortran procedure that has an allocatable, assumed ‘character ld

tected. A nonzero value is returned if an error condition was detected, and the yalué zero is returned othe
list of error conditions and macro names for the corresponding error codes is\supplied in 8.3.4. A proces
mmitted to detect other error conditions. If an invocation of a function defined'in 8.3.5 could detect morg

function arguments representing subscripts, bounds, extents, ortrides, the ordering of the elements

the following subclauses of 8.3.5. It is unspecified whethex the functions defined by this header are mac

NOTE 8.6

ction
ngth,

h was
wise.
sor is
than
dent.

s the

ribed
0S or
ction,

These functions are allowed to be macre$_to provide extra implementation flexibility. For example, (
establish could include the value of CRI_.VERSION in the header used to compile the call to CFI_esta
as an extra argument of the actualNfunction used to establish the C descriptor.

FI_-
blish

variable-or & pointer that is not associated.

drray. The number of elements shall be greater than or equal to the rank r of the object. The sub
values shall be within the bounds specified by the corresponding elements of the dim member of 1

table

Cripts
beript
he C

descriptor.

Result Value. If the object is an array of rank r, the result is the C address of the element of the object that
the first r elements of the subscripts argument would specify if used as subscripts. If the object is scalar, the
result is its C address.
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NOTE 8.7

2(E)

but it need not be the address of an object.

When the subscripts argument is ignored, its value may be either a null pointer or a valid pointer value,

Example. If dv is the address of a C descriptor for the Fortran array A declared as

the

real(C_float) :: A(100,100)

following code returns the C address of A(5,10)

8.3

Description. Allocate memory for an object described by a C descriptor.

Formal Parameters.

dv

1oy

UPT

elgm_len is ignored unless the type specified in the C descriptor is a character type. If the object is of Fd

Su
dv
an

din

thel C descriptorAlf the rank is zero, the lower_bounds and upper_bounds arguments are ignored. If the
specified in thet€idescriptor is a character type, the supplied element length overrides the current element-1
inf¢rmationdnthe descriptor.

If 4

CFI_index_t subscripts[2];

float *address;

subscripts[0] = 4;

subscripts[1] = 9;

address = (float *) CFI_address( dv, subscripts );

5.3 int CFl_allocate ( CFl_cdesc_t * dv, const CFl_index_t lower_bounds[],
const CFl_index_t upper_bounds]], size_t elem_len ) ;

shall be the address of a C descriptor specifying the rank and\ype of the object. On entry, the base]
member of the C descriptor shall be a null pointer, and\the elem_len member shall specify the eld
length for the type unless the type is a character types {Fhe attribute member of the C descriptor
have a value of CFI_attribute_allocatable or CFI_attribute_pointer.

er_bounds is the address of a lower bounds array)\ The number of elements shall be greater than or eq
the rank r specified in the C descriptor.

er_bounds is the address of an upper bounds array. The number of elements shall be greater than or
to the rank r specified in the C descriptor.

character type, the value of elem_len shall be the storage size in bytes of an element of the object.

cessful execution of CFI_allocate allocates memory for the object described by the C descriptor with the ad
using the same mechaism as the Fortran ALLOCATE statement. The first r elements of the lower_b
upper_bounds argwmients provide the lower and upper Fortran bounds, respectively, for each correspo
lension of the object: The supplied lower and upper bounds override any current dimension informati

n exror is detected, the C descriptor is not modified.

laddr
ment
shall

hal to

equal

rtran

dress
unds
nding
on in

type
bngth

Re

. s 1 "
M@m T CITOT ITTaIrCator™

Example. If dv is the address of a C descriptor for the Fortran array A declared as

real, allocatable :: A(:,:)

and the array is not allocated, the following code allocates it to be of shape [100, 500]

© ISO/IEC 2012 — All rights reserved
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8.3

De

CFI_index_t lower[2], upper[2];

int ind;

size_t dummy = O;

lower[0] = 1; lower[1] = 1;

upper [0] = 100; upper[1] = 500;

ind = CFI_allocate( dv, lower, upper, dummy );

.5.4 int CFl_deallocate ( CFl_cdesc_t * dv );

scription. Deallocate memory for an object described by a C descriptor.

Fo

dv

Su
DH

If 4

Re

al

8.3

Fo

dv

bag

'mal Parameters.

shall be the address of a C descriptor describing the object. It shall have been allocated fising the
mechanism as the Fortran ALLOCATE statement. If the object is a pointer, it shall be\associated o
target satisfying the conditions for successful deallocation by the Fortran DEALLOCATE) statement (6
of ISO/IEC 1539-1:2010).

cessful execution of CFI_deallocate deallocates memory for the object using the samle mechanism as the Fd
ALLOCATE statement. The base_addr member of the C descriptor becomeés‘a null pointer.

n error is detected, the C descriptor is not modified.

sult Value. The result is an error indicator.

ample. If dv is the address of a C descriptor for the Fortransarray A declared as

real, allocatable :: A(:,:)

the array is allocated, the following code deallocatés it
int ind;

ind = CFI_deallocate( dv );

.5.5 int CFl_establish ( CFl_cdesc:.t(* dv, void * base_addr, CFl_attribute_t attribute,
CFl_type_t type, size_t elem_len, CFl_rank_t rank, const CFl_index_t extents|] );

scription. Establish a C des@riptor.

'mal Parameters.

shall be the addressiof a C object large enough to hold a C descriptor of the rank specified by rank. It
not have theaitie value as either a C formal parameter that corresponds to a Fortran actual argumg
a C actualargument that corresponds to a Fortran dummy argument. It shall not be the address g
descriptor{that describes an allocated allocatable object.

e_addzrshall be a null pointer or the base address of the object to be described. If it is not a null pg
it\shall be the address of a contiguous storage sequence that is appropriately aligned (ISO/TEC 989

same
rith a
.7.3.3

rtran

shall
nt or
facC

inter,

:1999

3.2) for an object of the tvpe specified by type.

attribute shall be one of the attribute codes in Table 8.1. If it is CFI_attribute_allocatable, base_addr shall be

a null pointer.

type shall be one of the type codes in Table 8.2.

elem_len is ignored unless type is CFI_type_struct, CFI_type_other, or a character type. If the type is CFI_-
type_struct, CFI_type_other, or a Fortran character type, elem_len shall be greater than zero and equal to

24

the storage size in bytes of an element of the object.
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rank specifies the rank. It shall be between 0 and CFI.MAX_RANK inclusive.

2(E)

extents is ignored if the rank r is zero or if base_addr is a null pointer. Otherwise, it shall be the address of

an array with r elements specifying the corresponding extents of the described array. These extents
all be nonnegative.

shall

Successful execution of CFI_establish updates the object with the address dv to be an established C descriptor
for a nonallocatable nonpointer data object of known shape, an unallocated allocatable object, or a data pointer.
If base_addr is not a null pointer, it is for a nonallocatable entity that is a scalar or a contiguous array; if
the attribute argument has the value CFI_attribute_pointer, the lower bounds of the object described by dv

are

dis

datja object. If base_addr is the C address of a Fortran data object, the type and elem_len arguments sh

CO1]
are

If 9

Result Value. The function returns an error indicator.

Ex|

arr

set to zero. If base_addr 1s a null pointer, the established C descriptor 1s tor an unallocated allocata)
ssociated pointer, or is a C descriptor that has the attribute CFI_attribute_other but does not desed

sistent with the type and type parameters of the Fortran data object. The remaining properties of the d
given by the other arguments.

n error is detected, the object with the address dv is not modified.

NOTE 8.8

le, a
ibe a

hll be

bject

CF1_ establish is used to initialize a C descriptor declared in C with CFLICDESC_T before passing it td
other functions as an actual argument, in order to set the rank, attribute, type and element length.

any

aln

NOTE 8.9
A C descriptor with attribute CFI_attribute_other and ‘base_addr a null pointer can be used ag the
argument result in calls to CFI_section or CFI_select_part; which will produce a C descriptor for a npnal-
locatable nonpointer data object.
hmple 1. The following code fragment establishes a C descriptor for an unallocated rank-one allocdtable
y that can be passed to Fortran for allocation\there.
CFI_rank_t rank;
CFI_CDESC_T(1) field;
int ind;
rank = 1;
ind = CFI_establish ( (CEI\cdesc_t *) &field, NULL, CFI_attribute_allocatable,
CFI_type_double, 0, rank, NULL );
ample 2. Given théFortran type definition
type, bind(c) 37 t
real(c_double) :: x
complex(c_double_complex) :: y
end type
a-Fortran subprogram that has an assumed-shape dummy argument of tvpe t. the following code fragment

creates a descriptor a_fortran for an array of size 100 which can be used as the actual argument in an invocation
of the subprogram from C:

typedef struct {double x; double _Complex y;} t;
t a_c[100];

CFI_CDESC_T(1) a_fortran;

int ind;

CFI_index_t extent[1];

© ISO/IEC 2012 — All rights reserved

25


https://standardsiso.com/api/?name=d860ddc2ea6754e28264c005f21ddcf3

ISO/IEC TS 29113:2012(E)

extent[0] = 100;
ind = CFI_establish( (CFI_cdesc_t *) &a_fortran, a_c, CFI_attribute_other,

CFI_type_struct, sizeof(t), 1, extent);

8.3.5.6 int CFl.is_contiguous ( const CFl_cdesc_t * dv );
Description. Test contiguity of an array.

Formal Parameter.

dv |shall be the address of a C descriptor describing an array. The base_addr member of the C descriptor] shall
not be a null pointer.

Result Value. CFI is_contiguous returns 1 if the array described is determined to be contiguoins, and 0 otherwise.

NOTE 8.10

A C descriptor for an array describes a contiguous object if it has extent -1 in(ts final dim element or {if its
attribute member indicates that the array is allocatable.

8.3l5.7 int CFl_section ( CFl_cdesc_t * result, const CFl_cdesc_t * source,
const CFl_index_t lower_bounds|[], const CFl_index_t upper_bounds[], const CFl_index_t stridgs|[] );

Description. Update a C descriptor for an array section for whiéh each element is an element of a given array.

Formal Parameters.

regult shall be the address of a C descriptor with rank equal to the rank of source minus the number of zero
strides. The attribute member shall have thervalue CFI _attribute_other or CFI_attribute_pointer. [f the
value of result is the same as either a C forméal parameter that corresponds to a Fortran actual argyment
or a C actual argument that corresponds,toa Fortran dummy argument, the attribute member shall have
the value CFI_attribute_pointer.

soyrce shall be the address of a C descriptor that describes a nonallocatable nonpointer array, an allocated
allocatable array, or an associated array pointer. The corresponding values of the elem_len and|type
members shall be the same_inthe C descriptors with the addresses source and result.

loywer_bounds shall be a null pdinter or the address of an array specifying the subscripts of the element in the
array described by the.C descriptor with the address source that is the first element, in Fortran |array
element order (6.5.3,2 of ISO/IEC 1539-1:2010), of the array section. If it is a null pointer, the subsfripts
of the first elemient of the array described by the C descriptor with the address source are used; otherwise,
the number-0f ¢lements shall be greater than or equal to source->rank.

upper_bounds, shall be a null pointer or the address of an array specifying the subscripts of the element in the
array-described by the C descriptor with the address source that is the last element, in Fortran |array
element order (6.5.3.2 of ISO/IEC 1539-1:2010), of the array section. If it is a null pointer, the C descfiptor
with the address source shall not describe an assumed-size array and the subscripts of the last elemgent of

K.

strides shall be a null pointer or the address of an array specifying the strides of the array section in units of
elements of the array described by the C descriptor with the address source; if a stride is 0, the section
subscript for the dimension is a subscript and the corresponding elements of lower_bounds and upper_-
bounds shall be equal. If it is a null pointer, the strides are treated as being all 1; otherwise, the number
of elements shall be greater than or equal to source->rank.
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Successful execution of CFI_section updates the base_addr and dim members of the C descriptor with the address
result to describe a section of the array described by the C descriptor with the address source.

If an error is detected, the C descriptor with the address result is not modified.

Result Value. The function returns an error indicator.

Example 1. If source is already the address of a C descriptor for the rank-one Fortran array A declared as

real A(100)

the

Expmple 2. If source is already the address of a C descriptor for the rankstwo assumed-shape array A de

-
n

in ]

the
A(

8.3

De
eley

Fo

CFI_index_t lower_bounds[] = {2}, strides[] = {5};
CFI_CDESC_T(1) section;

CFI_rank_t rank = 1 ;

following code fragment establishes a C descriptor and updates it to describe the array section A(3:5)

int ind;

ind = CFI_establish ((CFI_cdesc_t *) &section, NULL,
CFI_attribute_other, CFI_type_float, O, rank, NULL);

ind = CFI_section ( (CFI_cdesc_t *) &section, source,
lower_bounds, NULL, strides );

ortran as

real A(100,100)

following code fragment establishes a C descriptor andsupdates it to describe the rank-one array s
,42).

CFI_index_t lower_bounds[] = {source->dim[0].lower_bound,41},
upper_bounds[] = {source->dim[0].lewer_bound+source->dim[0].extent-1,41},
strides[] = {1,0};

CFI_CDESC_T(1) section;

int ind;

CFI_rank_t rank =1 ;

ind = CFI_establish ((CFI.cdesc_t *) &section, NULL,

CFI_attribute_othexr, CFI_type_float, O, rank, NULL);

CFI_section ( ((CFI_cdesc_t *) &section, source,

lower_bounds’;\ upper_bounds, strides );

ind

5.8 int CFl_select_part ( CFl_cdesc_t * result, const CFl_cdesc_t * source, size_t displacement,
elem_len.);

scription. /Update a C descriptor for an array section for which each element is a part of the correspo
ment of an array.

'tmal Parameters.

lared

ction

Size_t

nding

result shall be the address of a C descriptor. The type member of the C descriptor shall specify the type of the
array section. The attribute member shall have the value CFI attribute_other or CFI_attribute_pointer.
If the address specified by result is the value of a C formal parameter that corresponds to a Fortran actual
argument or a C actual argument that corresponds to a Fortran dummy argument, the attribute member

shall have the value CFI_attribute_pointer. The rank member of the C descriptor shall have the same
as the rank member of the C descriptor at the address specified by source.
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source shall be the address of a C descriptor for a nonallocatable nonpointer array, an allocated allocatable
array, or an associated array pointer.

displacement is the value in bytes to be added to the base address of the array described by the C descriptor
with the address source to give the base address of the array section. The resulting base address shall be ap-
propriately aligned (ISO/IEC 9899:1999 3.2) for an object of the specified type. The value of displacement
shall be between 0 and source->elem_len - 1 inclusive.

elem_len is ignored unless type is a character type. If the array section is of Fortran character type, the value
of elem_len shall be the storage size in bytes of an element of the object. The value of elem_len shall be
between 1 and source->elem_len inclusive.

Sugcessful execution of CFI_select_part updates the base_addr, dim, and elem_len members of the (€ descriptor
with the address result for an array section for which each element is a part of the corresponding/elem¢nt of
thel array described by the C descriptor with the address source. The part may be a component of a strugture,
a sfibstring, or the real or imaginary part of a complex value.

—-

If gn error is detected, the C descriptor with the address result is not modified.
Result Value. The function returns an error indicator.
Expmple. If source is already the address of a C descriptor for the Fortransarray A declared thus:

4ype,bind(c):: t

real (C_DOUBLE) :: x

complex (C_DOUBLE_COMPLEX) :: y
gnd type

fype(t) A(100)

the] following code fragment establishes a C descriptor fér+the array A(:)%y.

typedef struct { double x; double _Complex y;} t;
CFI_CDESC_T(1) component;

int ind;

CFI_cdesc_t * comp_cdesc = (CFI_edesc_t *)&component;
CFI_index_t extent[] = {100};

ind = CFI_establish (comp_cdesc, NULL, CFI_attribute_other,
CFI_type_double_Complex, sizeof(double _Complex), 1, extent);

ind = CFI_select_part (comp_cdesc, source, offsetof(t,y), 0);

8.315.9 int CFl-setpointer ( CFl_cdesc_t * result, CFl_cdesc_t * source, const CFl_index_t lower_bounfds]]);

Description\Update a C descriptor for a Fortran pointer to be associated with the whole of a given obj¢ct or
to be disasseciated.

Formal‘Parameters.

result shall be the address of a C descriptor for a Fortran pointer. It is updated using information from the
source and lower_bounds arguments.

source shall be a null pointer or the address of a C descriptor for a nonallocatable nonpointer data object, an
allocated allocatable object, or a data pointer object. If source is not a null pointer, the corresponding
values of the elem_len, rank, and type members shall be the same in the C descriptors with the addresses
source and result.

28 © ISO/IEC 2012 — Al rights reserved


https://standardsiso.com/api/?name=d860ddc2ea6754e28264c005f21ddcf3

ISO/IEC TS 29113:2012(E)

lower_bounds is ignored if source is a null pointer or the rank specified by source is zero. Otherwise, the
number of elements in the array lower_bounds shall be greater than or equal to the rank specified in the
source C descriptor. The elements provide the lower bounds for each corresponding dimension of the
result C descriptor. The extents and memory strides are copied from the source C descriptor.

Successful execution of CFI_setpointer updates the base_addr and dim members of the C descriptor with the
address result with information in the C descriptor with the address source and in lower_bounds.

If source is a null pointer or the address of a C descriptor for a disassociated pointer, the updated C descriptor
describes a disassociated pointer. Otherwise, the C descriptor with the address result becomes a C descriptor
for|the object described by the C descriptor with the address source, except that the lower bounds are replaced
by fhe values of the lower_bounds array if the rank is greater than zero and lower_bounds is not a nulhpQinter.

=

If gn error is detected, the C descriptor with the address result is not modified.
Repult Value. The function returns an error indicator.

Expmple. If ptr is already the address of a C descriptor for an array pointer of rafk 1, the following| code
updlates it to be a C descriptor for a pointer to the same array with lower bound 0.

CFI_index_t lower_bounds[1];

int ind;

lower_bounds[0] = O;

ind = CFI_setpointer ( ptr, ptr, lower_bounds );

8.4 Restrictions on C descriptors

A ¢ descriptor shall not be initialized, updated, or copied-other than by calling the functions specified in §.3.5.

If the address of a C descriptor is a formal parameter that corresponds to a Fortran actual argument of a C
actpal argument that corresponds to a Fortran dumiily argument,

e the C descriptor shall not be modified if either the corresponding dummy argument in the Fortran int¢rface
has the INTENT(IN) attribute or the C*descriptor is for a nonallocatable nonpointer object, and
e the base_addr member of the C deseriptor shall not be accessed before it is given a value if the correspohding
dummy argument in the Fortranunterface has the POINTER and INTENT(OUT) attributes.

NOTE 8.11
In this context, modification refers to any change to the location or contents of the C descriptor, inclyding
establishment and @ipdate. The intent of these restrictions is that C descriptors remain intact at all times
they are accessibleno an active Fortran procedure, so that the Fortran code is not required to copy tHem.

8.b Restrictions on formal parameters

Within€alC function, an allocatable object shall be allocated or deallocated only by execution of the [CFI.-
allgcate and CFI_deallocate functions. A Fortran pointer can become associated with a target by execution of
the CFI allocate function.

Calling CFI allocate or CFI_deallocate for a C descriptor changes the allocation status of the Fortran variable it
describes and causes the allocation status of any associated allocatable variable to change accordingly (6.7.1.3 of
ISO/IEC 1539-1:2010).

If the address of an object is the value of a formal parameter that corresponds to a nonpointer dummy argument
in a BIND(C) interface, then
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e if the dummy argument has the INTENT(IN) attribute, the object shall not be defined or become undefined,
and

e if the dummy argument has the INTENT(OUT) attribute, the object shall not be referenced before it is
defined.

If a formal parameter that is a pointer to CFI_cdesc_t corresponds to a dummy argument in an interoperable
procedure interface, a pointer based on the base_addr in that C descriptor shall not be used to access memory
that is not part of the object described by the C descriptor.

8. Restrictions on lifetimes

Wlhen a Fortran object is deallocated, execution of its host instance is completed, or its association statis be¢omes
undlefined, all C descriptors and C pointers to any part of it become undefined, and any further’use of thlem is
undefined behavior (ISO/TEC 9899:1999 3.4.3).

A ( descriptor whose address is a formal parameter that corresponds to a Fortran dummy argument be¢omes
undlefined on return from a call to the function from Fortran. If the dummy argument_does not have eith¢r the
TAIRRGET or ASYNCHRONOUS attribute, all C pointers to any part of the object described by the C desctiptor
bedome undefined on return from the call, and any further use of them is undefifed behavior.

If the address of a C descriptor is passed as an actual argument to a Fortran-procedure, the lifetime (ISQ/IEC
9899:1999 6.2.4) of the C descriptor shall not end before the return from thésprocedure call. If an object is fassed
to h Fortran procedure as a nonallocatable, nonpointer dummy argumient, its lifetime shall not end befote the
retfirn from the procedure call.

If the lifetime of a C descriptor for an allocatable object that was established by C ends before the program Jexits,
the object shall be unallocated at that time.

If 4 Fortran pointer becomes associated with a C objec¢t,“the association status of the Fortran pointer be¢omes
undlefined when the lifetime of the C object ends.

NOTE 8.12
The following example illustrates how a*C-descriptor becomes undefined upon returning from a call tq a C
function.

real,target :: x(1000),b

interface

real function &fun(array) bind(c, name="Cfun")
real array(s)
end function.Cfun
end interface
b = Cfun(x)

Cfun is at€ofunction. Before Cfun is invoked, the processor creates a C descriptor for the array x.[ On
return. from Cfun, the C descriptor becomes undefined. In addition, because the dummy argument array
does not have the TARGET or ASYNCHRONOUS attribute, all C pointers whose values were set dyring
execution of Cfun to be the address of any part of x become undefined.

8.7 Interoperability of procedures and procedure interfaces

The rules in this subclause replace the contents of paragraphs one and two of subclause 15.3.7 of ISO/IEC
1539-1:2010 entirely.

A Fortran procedure is interoperable if it has the BIND attribute, that is, if its interface is specified with a
proc-language-binding-spec.
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A Fortran procedure interface is interoperable with a C function prototype if

(1)  the interface has the BIND attribute,
(2)  either
(a)  the interface describes a function whose result variable is a scalar that is interoperable
the result of the prototype or
(b)  the interface describes a subroutine and the prototype has a result type of void,

with

(3)  the number of dummy arguments of the interface is equal to the number of formal parameters of the

prototype,

If 4
chg

If 4
ass
for

shalll be compatible with the characteristies-of the dummy argument. The members of the C descriptor

tha
TyE

In

dui

(4) the prototype does not have variable arguments as denoted by the ellipsis (...),

(5) any dummy argument with the VALUE attribute is interoperable with the corresponding “f
parameter of the prototype, and

(6) any dummy argument without the VALUE attribute corresponds to a formal paranfeter of thg
totype that is of a pointer type, and either

(a)  the dummy argument is interoperable with an entity of the referenced type|(ISO/IEC 9899
6.2.5, 7.17, and 7.18.1) of the formal parameter,

(b)  the dummy argument is a nonallocatable, nonpointer variable jof type CHARACTER]
assumed length, and corresponds to a formal parameter of the prototype that is a poin
CFI_cdesc_t,

(¢) the dummy argument is allocatable, assumed-shape, assuméd-rank, or a pointer withot
CONTIGUOQUS attribute, and corresponds to a formal ‘parameter of the prototype thal
pointer to CFI_cdesc_t, or

(d) the dummy argument is assumed-type and not{assumed-shape or assumed-rank, and ¢
ponds to a formal parameter of the prototypéwthat is a pointer to void.

dummy argument in an interoperable interface is of type CHARACTER and is allocatable or a point
racter length shall be deferred.

dummy argument in an interoperable interfacesis allocatable, assumed-shape, of assumed character ld
imed-rank, or a data pointer, the corresponding formal parameter is interpreted as the address of a C desc
the effective argument in a reference to the procedure. The value of the attribute member of the C desc

n attribute and type shall describetan object with the same characteristics as the effective argument
e member shall have a value from Table 8.2 that depends on the effective argument as follows:

e if the dynamic type of the-éffective argument is an interoperable type listed in Table 8.2, the correspo
value for that type;

e if the dynamic type of\the effective argument is an intrinsic type with no corresponding type listed in
8.2, or a noninterop¢rable derived type that does not have type parameters, type-bound procedures
subroutines, nér~¢omponents that have the ALLOCATABLE or POINTER attributes, or correspo
CFI1_type_other) one of the processor-dependent nonnegative type specifier values;

o otherwise;;CFI_type_other.

hn invoeation of an interoperable procedure whose Fortran interface has an assumed-shape or assumed
nmy ‘argument with the CONTIGUOUS attribute, the associated effective argument may be an array t

not

brmal
h pro_
1999,

with
ber to

t the
t is a

prres-

br, its

ngth,
iptor
iptor
other

The

nding

Table
final
nd to

Lrank
hat is

conticuous-orthe -address of o C deserintorforsuch an arrasv—If the nrocedireisinvoked from -FEortran
S T Y g

r the

procedure is a Fortran procedure, the Fortran processor will handle the difference in contiguity. If the procedure
is invoked from C and the procedure is a C procedure, the C code within the procedure shall be prepared to
handle the situation of receiving a discontiguous argument.

A C function shall not invoke a function pointer whose value is the result of a reference to C_FUNLOC with a
noninteroperable argument.

An absent actual argument in a reference to an interoperable procedure is indicated by a corresponding formal
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parameter with the value of a null pointer. An absent optional dummy argument in a reference to an interoperable
procedure from a C function is indicated by a corresponding argument with the value of a null pointer.
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Required editorial changes to ISO/IEC 1539-1:2010(E)

9.1 General

The following editorial changes, if implemented, would provide the facilities described in foregoing clauses of this

Te

hnical Specification. Descriptions of how and where to place the new material are enclosed in braces {}.

to ¢lifferent places within the same clause are separated by horizontal lines.

In

(st

9.

{In|

Aft
ins

bhe edits, except as specified otherwise by the editorial instructions, underwave (underwave) and-stril
ike-out) are used to indicate insertion and deletion of text.

P Edits to Introduction

paragraph 1 of the Introduction }

er “informally known as Fortran 2008”
brt, “, plus the facilities defined in ISO/IEC TS 29113:2012”.

Edits

e-out

{A

ter paragraph 3 of the Introduction, insert new paragraph}

ISO/IEC TS 29113 provides additional facilities with the purpose‘of improving interoperability with the (f pro-
gramming language:
e assumed-type objects provide more convenient interoperability with C pointers;
e assumed-rank objects provide more convenient inter@perability with the C memory model;
e it is now possible for a C function to interoperate with a Fortran procedure that has an allocatable, assumed
character length, assumed-shape, optional, or-pointer dummy data object.
9.3 Edits to clause 1
{Inkert new term definitions before term 1.3.9 attribute}
1.3.8a
asqumed rank
(dymmy variable) the property of assuming the rank from its effective argument (5.3.8.7, 12.5.2.4)
1.3.8b
asqumed type
(dymmy variabl€)-being declared as TYPE (*) and therefore assuming the type and type parameters frqm its
effgctive argument (4.3.1)
{Inkert rew term definition before 1.3.20 character context}
1.3.19a

C descriptor
C structure of type CFI_cdesc_t defined in the header ISO_Fortran_binding.h (15.5)

{In

sert new subclause before 1.6.2 Fortran 2003 compatibility }

1.6.1a Fortran 2008 compatibility

This part of ISO/TEC 1539 is an upward compatible extension to the preceding Fortran International Standard,
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ISO/IEC 1539-1:2010(E). Any standard-conforming Fortran 2008 program remains standard-conforming under
this part of ISO/IEC 1539.

9.4 Edits to clause 4

{In 4.3.1.1 Type specifier syntax, insert additional production for R403 declaration-type-spec after the one for
CLASS (*)}

or TYPE ( *)

{In|
A s

4.3.1.2 TYPE, edit the first paragraph as follows}

['YPE type specifier is used to declare entities that are of assumed type, or of an intrinsic or deriyed ty]

{In
An

ent

C4

C4

C4

{In|
C5

.b Edits to clause 5

4.3.1.2 TYPE, insert new paragraphs at the end of the subclause}

entity that is declared using the TYPE(*) type specifier has assumed type and is ap utimited polymd
ity (4.3.1.3). Its dynamic type and type parameters are assumed from its associatéd effective argument

7a An assumed-type entity shall be a dummy variable that does not have thelAELOCATABLE, CODI}
SION, INTENT(OUT), POINTER or VALUE attribute and is not an-explicit-shape array.

7b An assumed-type variable name shall not appear in a designator-or expression except as an
argument corresponding to a dummy argument that is assumed-fype, or as the first argument to 4§
the intrinsic and intrinsic module functions IS_.CONTIGUQUS, LBOUND, PRESENT, RANK, SH]|
SIZE, UBOUND, and C_LOC.

7c An assumed-type actual argument that correspondsyto an assumed-rank dummy argument sh
assumed-shape or assumed-rank.

5.3.1 Constraints, replace C516 with}

|6 The ALLOCATABLE or POINTER attribute shall not be specified for a default-initialized dy
argument of a procedure that\has a proc-language-binding-spec.

rphic

VIEN-

dctual

ny of
APE,

1l be

Immy

{In|

An
or 4

Th

5.3.4 ASYNCHRONOUS attribute, edit paragraphs 1 and 2 as follows:}

entity with the ASYNGHRONOUS attribute is a variable that may be subject to asynchronous input/o

hsynchronous communication (15.6.4

b base object ofayvariable shall have the ASYNCHRONOQOUS attribute in a scoping unit if

e the variable*appears in an executable statement or specification expression in that scoping unit and
e any statement of the scoping unit is executed while the variable is a pending I/O storage sequence af

(9.6:2:5) or a pending communication affector (15.6.4).

litput

ector

{In

5.3.6.1 CODIMENSION attribute / General, insert new constraint}

Cb24a A coarray shall not be a dummy argument of a procedure that has a proc-language-binding-spec.

{In 5.3.7 CONTIGUOUS attribute, edit C530 as follows}

C530  An entity with the CONTIGUOUS attribute shall be an array pointer, e an assumed-shape array, or
have assumed rank.
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{In 5.3.7 CONTIGUOUS attribute, edit paragraph 1 as follows}

The CONTIGUOQOUS attribute specifies that an assumed-shape array can only be argument associated with a
contiguous effective argument, e that an array pointer can only be pointer associated with a contiguous target,

or that an assumed-rank object can only be argument associated with a scalar or contiguous effective argument.

{In 5.3.7 CONTIGUOUS attribute, paragraph 2, item (3)}

Change first “array” to “or assumed-rank dummy argument”,
chegnge second “array’ to “object’ .

{In| 5.3.8.1 General, edit paragraph 1 as follows}

Th¢ DIMENSION attribute specifies that an entity has assumed rank or is an array. An assumet-rank entify has
the rank and shape of its associated actual argument; otherwise, theFhe rank or rank and shape is specified by

its larray-spec.
{In[ 5.3.8.1 General, insert additional production for R515 array-spec, after implied-shape-spec-list}

or assumed-rank-spec

{Af the end of 5.3.8, immediately before 5.3.9, insert new subclause}
5.3.8.7 Assumed-rank entity

An]assumed-rank entity is a dummy variable whose rank is assumed from its effective argument; this ranlf may
be Fero. An assumed-rank entity is declared with an array-spee.that is an assumed-rank-spec.

Rb5P2a  assumed-rank-spec is

C5B5a  An assumed-rank entity shall be a dummy variable that does not have the CODIMENSION or VALUE
attribute.

C585b  An assumed-rank variable name shalDnot appear in a designator or expression except as an gctual
argument corresponding to a dumrmhjargument that is assumed-rank, the argument of the C_LOC furjction
in the ISO_C_BINDING intrinsie-module, or the first argument in a reference to an intrinsic inquiry
function.

Ch85¢  If an assumed-size or nenallocatable nonpointer assumed-rank array is an actual argument correspohding
to a dummy argument-that is an INTENT(OUT) assumed-rank array, it shall not be polymofphic,
finalizable, of a type with an allocatable ultimate component, or of a type for which default initialigation
is specified.

9.0 Editste’clause 6

{In] 6.5.4 Simply contiguous array designators, paragraph 2, edit the second bullet item as follows}

o _anobject-name that is not a pointer, not er assumed-shape, and not assumed-rank,

{In 6.7.3.2 Deallocation of allocatable variables, append to paragraph 6}

If a Fortran procedure that has an INTENT (OUT) allocatable dummy argument is invoked by a C function
and the corresponding argument in the C function call is a C descriptor that describes an allocated allocatable
variable, the variable is deallocated on entry to the Fortran procedure. When a C function is invoked from a
Fortran procedure via an interface with an INTENT (OUT) allocatable dummy argument and the corresponding
actual argument in the reference of the C function is an allocated allocatable variable, the variable is deallocated
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on

invocation (before execution of the C function begins).

0.7 Edits to clause 12

{In 12.3.2.2, edit paragraph 1 as follows}

The characteristics of a dummy data object are its type, its type parameters (if any), its shape (unless it is
assumed-rank), its corank, its codimensions, its intent (5.3.10, 5.4.10), whether it is optional (5.3.12, 5.4.10),
whether it is allocatable (5.3.3), whether it has the ASYNCHRONOUS (5.3.4), CONTIGUOUS (5.3.7), VALUE

(5,? 18) or VOTLATILE (53 19) attributes whether it is pn]vmnr‘phi(‘ and whether it is a painter (314 5

or
the
pai]

h target (5.3.17, 5.4.15). If a type parameter of an object or a bound of an array is not a constant expte
exact dependence on the entities in the expression is a characteristic. If a rank, shape, size, type,“or
ameter is assumed or deferred, it is a characteristic.

4.12)
ssion,
type

{In|

12.4.2.2 Explicit interface, after item (2)(c) insert new item}

(¢2) has assumed rank,

(R

the
cor

bplace paragraph 2 of 12.4.3.4.5 with}

lummy argument is type, kind, and rank compatible, or TKR compatibleswith another dummy argum
first is type compatible with the second, the kind type parameters of €h¢first have the same values 3
responding kind type parameters of the second, and both have the same'rank or either is assumed-rank

ent if
s the

{In

If t
the

12.5.2.4 Ordinary dummy variables, append to paragraph 2}

dummy argument shall not be of assumed type.

he actual argument is of a derived type that has type parameters, type-bound procedures, or final subrouftines,

{In|
Ch

12.5.2.4 Ordinary dummy variables, paragraphs 3 aund 4}

hnge “not assumed shape” to “explicit-shape ¢r'@ssumed-size” (twice).

{In

Aft
Ch

12.5.2.4 Ordinary dummy variables, paragraph 9}

er “dummy argument is a scalar”
hnge “or” to “, has assumed rank, or is”.

{In|
Aft

is 4

—

12.5.2.4 Ordinary dummy_yapiables, paragraph 10}

er “the CONTIGUOUS ‘attribute” insert “, an assumed-rank entity with the CONTIGUOUS attribute
ssociated with an array actual argument”.

that

{In|

An
of 1
the
LB

12.5.2.4 Ordinary dummy variables, insert new paragraph after paragraph 14}

actual argument of any rank may correspond to an assumed-rank dummy argument. The rank and

lower{and upper bounds of the dummy argument are those that would be given by the intrinsic fun
ODUND and UBOUND respectively if applied to the actual argument, except that when the actual argy

thape

he durimy argument are the rank and shape of the corresponding actual argument. If the rank is nomzero,

tions
ment

is assumed size, the upper bound of the last dimension of the dummy argument is 2 less than the lower bound of
that dimension.

{In

12.5.2.4 Ordinary dummy variables, paragraph 18, constraint C1239}

Change “or an assumed-shape ... attribute” to “, an assumed-shape array without the CONTIGUOUS attribute,
or an assumed-rank array without the CONTIGUOUS attribute”.

36
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12.5.2.4 Ordinary dummy variables, paragraph 18, constraint C1240}

Change “or an assumed-shape ... attribute” to “, an assumed-shape array without the CONTIGUOUS attribute,
or an assumed-rank array without the CONTIGUOUS attribute”.

{In

12.5.2.13 Restrictions on entities associated with dummy arguments, paragraph 1, item (3) (b)}

Change “or an assumed-shape array without the CONTIGUOUS attribute” to ¢, an assumed-rank entity that is
associated with a scalar actual argument, an assumed-rank entity without the CONTIGUOUS attribute, or an
assumed-shape array without the CONTIGUOUS attribute”.

{In[ 12.5.2.13 Restrictions on entities associated with dummy arguments, paragraph 1, item (4) (b)}

Chhnge “or an assumed-shape array without the CONTIGUOUS attribute” to ¢, an assumed-rank @€ntity that is

asspciated with a scalar actual argument, an assumed-rank entity without the CONTIGUOUS @attribute, jor an

assjimed-shape array without the CONTIGUOUS attribute”.

{In| 12.6.2.2 Function subprogram, replace C1255 with these three constraints}

C1255 (R1230) If proc-language-binding-spec is specified for a procedure, each duntmy argument shall be an in-
teroperable procedure (15.3.7) or a variable that is interoperable (15.3.5, 15:376), assumed shape, assumed
rank, assumed type, of assumed character length, or has the ALLOCATABLE or POINTER attrilputes.
If proc-language-binding-spec is specified for a function, the functionesult shall be an interoperable $calar
variable.

C1255a (R1230) A dummy argument of a procedure that has a prdetlanguage-binding-spec shall not have| both
the OPTIONAL and VALUE attributes.

C1255b (R1230) A variable that is a dummy argument of a procedure that has a proc-language-binding-sped shall
be of interoperable type or assumed type.

9.8 Edits to clause 13

{In[ 13.5 Standard generic intrinsic procedurés;-Table 13.1, LBOUND and UBOUND intrinsic functions}

Delete “ of an array” (twice).

{In[ 13.5 Standard generic intrinsiéyprocedures, Table 13.1}

Insprt new entry into the table,~alphabetically

RANK (A) I Rank of a data object.

{In| 13.7.86, IS_.CONTIGUOUS, edit paragraph 3 as follows}

Argument. ARRAY may be of any type. It shall be an array or an assumed-rank object. If it is a poirfter it

shalll be associated.

{In

137786, IS.CONTIGUOUS, edit paragraph 5 as follows}

Result Value. The result has the value true if ARRAY has rank zero or is contiguous, and false otherwise.

{In

De

13.7.90 LBOUND, edit paragraph 1 as follows}

scription. Lower bound(s) ef-an—array.

{In

13.7.90 LBOUND, edit paragraph 3, ARRAY argument, as follows}

© ISO/IEC 2012 — All rights reserved

37


https://standardsiso.com/api/?name=d860ddc2ea6754e28264c005f21ddcf3

ISO/IEC TS 29113:2012(E)

ARRAY

variable or a pointer that is not associated.

shall be an array or assumed-rank object of any type. It shall not be an unallocated allocatable

{In 13.7.90 LBOUND, insert note after paragraph 3}

“NOTE 13.14a
If ARRAY is an assumed-rank object of rank zero, DIM cannot be present.”

{In 13.7.93 LEN, paragraph 3}

Ch

to

13 4 1 4 1 22
15T d Uy pPpr Ullal atiTlslalal Ul dl L 4y

‘of type character”.

{In
13

D¢

imediately before subclause 13.8.138 REAL, insert new subclause}
7.137a RANK (A)

scription. Rank of a data object.

Class. Inquiry function.

pcument. A shall be a data object of any type.
sult Characteristics. Default integer scalar.
sult Value. The result is the rank of A.

ample. If X is a dummy argument declared with REAL X{/.)¥ and is argument associated with an 3
ument that was declared REAL Y(:,:,:), RANK(X) has thé\yalue 3.

ctual

13.7.149 SHAPE, replace paragraph 5 with}

sult Value. The result has a value equal to [(SIZE(SOURCE, i, KIND), i=1, RANK(SOURCE))].

{In
AR

13.7.156 SIZE, edit paragraph 3, argument~ARRAY, as follows}

RAY shall be an array or assumeddrank object of any type. It shall not be an unallocated allocg
variable or a pointer that\is“not associated. If ARRAY is an assumed-size array, DIM sh
present with a value less'than the rank of ARRAY.

table
hll be

{In|

“N
If 4

13.7.156 SIZE, insert note fafter paragraph 3}

DTE 13.21a
ARRAY is an assumeédzrank object of rank zero, DIM cannot be present.”

{In

Re
wit
val

PR

13.7.156 SIZE; xeplace paragraph 5 with}

sult Valae,'If ARRAY is an assumed-rank object associated with an assumed-size array and DIM is pi
h a valuer equal to the rank of ARRAY, the result is —1; otherwise, if DIM is present, the result
e equéal to the extent of dimension DIM of ARRAY. If DIM is not present, the result has a value eq

esent
has a
al to

ODUCT([(SIZE(ARRAY, i, KIND), i=1, RANK(ARRAY))]).

{In

13.7.160 STORAGE_SIZE, paragraph 3}

Change “a scalar or array of any type”
to “a data object of any type”.

{In

38

13.7.171 UBOUND, paragraph 1}
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Delete “ of an array”.

{In 13.7.171 UBOUND, paragraph 3, ARRAY argument}

After “shall be an array”
insert “or assumed-rank object”.

{In 13.7.171 UBOUND, insert note after paragraph 3}

“NOTE 13.24a

If ABRRAY is an assnmed-rank ohject of rank zero DIM cannot be present.”

{In

Re
Ca

C

)

Ca

9.

{In|
Th
wit]

du

13.7.171 UBOUND, edit paragraph 5 as follows}

sult Value.
ke (i): For an array section or for an array expression, other than a whole array, UBOUND, (ARRAY,
has a value equal to the number of elements in the given dimension;-etherwise;:

ke (3):  For an assumed-rank object associated with an assumed-size array, UBQUND(ARRAY, n, K

where n is the rank of ARRAY has a value equal to LBOUND(ARRAY, n, KIND) — 2.

e (111):  Otherwise, UBOUND(ARRAY, DIM) has a value equal to the uppér bound for subscript D
ARRAY if dimension DIM of ARRAY does not have size zero dii¢h has the value zero if dimd
DIM has size zero.

ke (v):  UBOUND (ARRAY) has a value whose i*" element is equalte UBOUND (ARRAY, 4), fori =
.., n, where n is the rank of ARRAY.

D Edits to clause 15

15.1 General, at the end of the subclause, insert new paragraph}

b header ISO_Fortran_binding.h provides definitions and prototypes to enable a C function to interof
h a Fortran procedure with an allocatable, assumed character length, assumed-shape, assumed-rank, or p
nmy data object.

DIM)

IND)

[M of

nsion

1

3

erate
inter

{In|
of 1

((If
seq

shalll be large enough to eontain the target object described by FPTR, shall not be in use by another Fd

ent

15.2.3.3 C_F _POINTER (CPTR, FPTR [,SHAPE)), paragraph 3, append a new paragraph to the descr
‘PTR:}

the value of CPTR is the € address of a storage sequence, FPTR becomes associated with that st
uence. If FPTR is an array, its shape is specified by SHAPE and each lower bound is 1. The storage seq

ity, and shall satisfy@ny other processor-dependent requirements for association.”

ption

orage
lience
rtran

{A

((N
In
as

the end of 15.2.3.3 C_F_POINTER (CPTR, FPTR [,SHAPE)), insert new note}

DTE 15.xx
he case-ofvassociating FPTR with a storage sequence, there might be processor-dependent requirements
hlignment of the memory address or placement in memory.”

such

{1

1579 9 = O DTINT O/
TOTZ 0O - OZIN V\/\JL/, 1“"‘”‘“6‘”“}‘“ uJ

Delete “that is interoperable” and change “associated with an interoperable procedure” to “associated with a
procedure”.

{In 15.2.3.6 C_LOC(X), paragraph 3}

Delete “scalar,”
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{In 15.3.2 Interoperability of intrinsic types, Table 15.2, add a new Named constant / C type pair in the Fortran
type = INTEGER block, following CINTPTR_T | intptr_t, as follows}

C_PTRDIFF.T | ptrdiff_t

{In

15.2.3.4 C_F_PROCPOINTER, paragraph 3}

In the description of argument CPTR, after “ that is interoperable” insert “or the result of a reference to C_-
FUNLOC with a noninteroperable argument”.

In the description of argument FPTR, replace

“The interface for FPTR shall be interoperable with the prototype that describes the target of CPTRR

with

LLIf

describes that target. Otherwise, the interface for FPTR shall have the same characteristics as that target

the target of CPTR is interoperable, the interface for FPTR shall be interoperable with.the prototypd

that

{In

15.3.7 Interoperability of procedures and procedure interfaces, paragraph 2, edit itém (5) as follows}

(5) any dummy argument without the VALUE attribute corresponds tola formal parameter of thg
totype that is of pointer type, and either

(a)  the dummy argument is interoperable with an entity of theteferenced type (ISO/IEC 9899
6.25, 7.17, and 7.18.1) of the formal parameter,

(b)  the dummy argument is a nonallocatable, nonpdinter variable of type CHARACTER]
assumed length, and corresponds to a formal parameter of the prototype that is a poin

CFILdesc.t,

CONTIGUOUS attribute, and correspands to a formal parameter of the prototype tha
pointer to CFT cdesc t, or
(d)  the dummy argument is assumed-type and not allocatable, assumed-shape, assumed-rai
a pointer, and corresponds to axformal parameter of the prototype that is a pointer to v

(5a) each allocatable or pointer dummy argument of type CHARACTER has deferred character ld

and

7

h pro_
1999,

L with
Lor to

(c)  the dummy argument is allocatable, assumed-shape, assumed-rank, or a pointer without the

{In|
suh
cod

If 4
the
ar
the

shafll describe aniebject with the same characteristics as the effective argument. The type member shall I

val

15.3.7 Interoperability of procedures and procedure interfaces, insert new paragraphs at the end {
clause after replacing 8.2 in.the new text with the Table number for the table “Macros specifying
es”

dummy argument in(an interoperable interface is allocatable, assumed-shape, assumed-rank, or a pd
corresponding formélparameter is interpreted as the address of a C descriptor for the effective argum
bference to the procedure. The value of the attribute member of the C descriptor shall be compatiblg
characteristics ‘of' the dummy argument. The members of the C descriptor other than attribute and

e from Fable 8.2 that depends on the effective argument as follows:

e if thie-dynamic type of the effective argument is an interoperable type listed in Table 8.2, the correspo
value for that type;

f the
type

inter,
Ent in
with
type
ave a

hding

Table

= R | 1 —— £l e SO . s —— ail 1. . h R
@ 11 U1IT \,l‘y IIAIIIIC l/‘y P UL U1IT TIICTULIVE @lsulllﬁllb L5 Al IIIVIITISICT l/‘ypU wWIUIL 110 bUllCDL}Ullullls by P 1II5iCU 11T

8.2, or a noninteroperable derived type that does not have type parameters, type-bound procedures, final

subroutines, nor components that have the ALLOCATABLE or POINTER attributes, or correspo
CFI_type_other, one of the processor-dependent nonnegative type specifier values;

e otherwise, CFI_type_other.

nd to

In an invocation of an interoperable procedure whose Fortran interface has an assumed-shape or assumed-rank
dummy argument with the CONTIGUOUS attribute, the associated effective argument may be an array that is

40
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not contiguous or the address of a C descriptor for such an array. If the procedure is invoked from Fortran or the
procedure is a Fortran procedure, the Fortran processor will handle the difference in contiguity. If the procedure
is invoked from C and the procedure is a C procedure, the C code within the procedure shall be prepared to
handle the situation of receiving a discontiguous argument.

An absent actual argument in a reference to an interoperable procedure is indicated by a corresponding formal
parameter with the value of a null pointer. An absent optional dummy argument in a reference to an interoperable
procedure from a C function is indicated by a corresponding argument with the value of a null pointer.

{Before subclause 15.5}

Insprt subclauses 8.2 to 8.6 of this Technical Specification as subclauses 15.5 to 15.9, including subclauses| 8.3.1
to 8.3.5 as subclauses 15.6.1 to 15.6.5, with the existing 15.5 to be renumbered 15.10 and its subclauses [to be
renjumbered accordingly.

{In| 15.5.1 Definition and reference of interoperable procedures, paragraph 4}

Append the sentence “A C function shall not invoke a a function pointer whose value igthe’result of a refgrence
to C_.FUNLOC with a noninteroperable argument.”.

{Af the end of 15.5.1 Definition and reference of interoperable procedures, inser{*¢mew paragraph:}

“If[the value of a C function pointer will be the result of a reference to C-=FUNLOC with a noninteropgrable
argument, it is recommended that the C function pointer be declared void(*) ().”

{At the end of subclause 15.5}

Insprt subclause 5.4.2 of this Technical Specification at the vety end of clause 15 where it will become 15.10.4.

0.10 Edits to clause 16

{In] 16.5.2.4 Events that cause pointers to becomeé.disassociated, insert a new list item following list item (B)}

“(3n) the target of the pointer is a C object and the lifetime of the C object ends,”

0.11 Edits to annex A

{At the end of A.2 Processor dependencies, replace the final full stop with a semicolon and add new itejns as
follows}

e the value of CFI_¥MAX _RANK in the file CFI_Fortran_binding.h;
e the value of CKIsVERSION in the file CFI_Fortran_binding.h;

e which error~cendition is detected if more than one error condition is detected for an invocation of qne of
the functieus specified in the file CFI_Fortran_binding.h;

e the values of the attribute specifier macros defined in the file CFI_Fortran_binding.h;
e thé values of the type specifier macros defined in the file CFI_Fortran_binding.h;

e which additional type specifier values are defined in the file CFI_Fortran_binding.h;

[1€ values O € eITo 0de ACros, excep Ol F1_SU

s the fite ng.h;
e the base address of a zero-sized array;

e the requirements on the storage sequence to be associated with the pointer FPTR by the C_.F_POINTER
subroutine;

e whether a procedure defined by means other than Fortran is an asynchronous communication initiation or
completion procedure.
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9.12 Edits to annex C

{In C.11 Clause 15 notes, at the end of the subclause}
Insert subclauses A.1.1 to A.1.4 as subclauses C.11.6 to C.11.9.

Insert subclause A.2.1 as C.11.10 with the revised title “Processing assumed-shape arrays in C”.

Insert subclauses A.2.2 to A.2.6 as subclauses C.11.11 to C.11.15.
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Annex A

(Informative)

Extended notes

A.1 Clause 5 notes

A

Th

In
sta

Th

int

wh
to
is 1

Th

int
i

.1.1 Using assumed type in the context of interoperation with C

.1.2  Mapping of interfaces with void * C parameters to Fortran

nonallocatable nonpointer scalar or is an array of assumed size.

(2) A formal parameter that is the address of a C descriptor. Additionaldnformation on the status,
size, and shape is implicitly provided. The formal parameter corresponds to a dummy argumen
is of assumed shape or assumed rank.

us, type, size, and shape of the entity.

b examples A.1.2 and A.1.3 illustrate some uses of assumedstype entities.

interface for message passing or I/O functionality could be provided in the form

EXAMPLE_send(const void *buffer, sizedt buffer_size, const HANDLE_t #*handle);

bre the buffer_size argument is givénin units of bytes, and the handle argument (which is of a type a
int) provides information about the farget the buffer is to be transferred to. In this example, type reso
ot required.

b first method provides a thin/binding; a call to EXAMPLE_send from Fortran directly invokes the C fund

erface
nteger(c_int) function EXAMPLE_send(buffer, buffer_size, handle) &
bind(c,name="EXAMPLE_send")

use,intrinsic :: iso_c_binding

type (x)5 \dimension(*), intent(in) :: buffer

integex(c_size_t), value :: buffer_size

integer(c_int), intent(in) :: handle
nd.function EXAMPLE_send

b mechanism for handling unlimited polymorphic entities whose dynamic type is interoperablé with| C is
desiigned to handle the following two situations:

(1) A formal parameter that is a C pointer to void. This is an address, and 110 further infornjation
about the entity is provided. The formal parameter corresponds to a duniihy argument thaf is a

type,
that

bhe first situation, it is the programmer’s responsibility to explicitly provide any information needed on the

iased
ution

tion.

end

2 £
TIrceTrTacCe

It is assumed that this interface is declared in the specification part of a module mod_EXAMPLE_old. Example
invocations from Fortran then are

use, intrinsic :: iso_c_binding
use mod_EXAMPLE_old
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