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Fore

word

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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The ma
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Internaf

In othel
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approve
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years, I

In task ot the joint technical committee 18 to prepare International Standards. Drait Internatio
bpted by the joint technical committee are circulated to national bodies for voting. Publica
ional Standard requires approval by at least 75 % of the national bodies casting a vote:

circumstances, particularly when there is an urgent market requirement for suchMetuments

1 committee may decide to publish an ISO/IEC Technical Specification (ISO/IECTS), which
bment between the members of the joint technical committee and is acceptéd for publicati
d by 2/3 of the members of the committee casting a vote.

IEC TS is reviewed after three years in order to decide whether it willLbe confirmed for a fur
vised to become an International Standard, or withdrawn. If the ISOMEC TS is confirmed, it i

again after a further three years, at which time it must either be transformed into an International St

be with
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n is drawn to the possibility that some of the elements’of ‘this document may be the subject]
SO and IEC shall not be held responsible for identifying any or all such patent rights.

" T'S 29113:2012 was prepared by Joint TechnicahCommittee ISO/IEC JTC 1, Information {

Subcomimittee SC22, Programming languages, their entironments and system software interfaces.
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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 OPTIONAL attributes. As a consequence, a significant class of Fortran subprograms is not portably accessible

from C,

limiting the usefulness of the facility.

The prd
inconve

This Te
of procq
length,

type an|
(void *)

intrinsi

The fad
ISO/IE
ISO/IE

It is the
be incly
and usd
integrat}
implem

This Te

It also

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

thnical Specification extends the facility of Fortran for interoperating with C to provide-for inter
dure interfaces that specify dummy arguments that are assumed-shape arrayschave assumed
br have the ALLOCATABLE, POINTER, or OPTIONAL attributes. New Fortran concepts 9
d assumed rank are introduced. The former simplifies interoperation withiDformal paramete]

The latter facilitates interoperability with C functions that can accepg-arguments of arbitrary
function, RANK, is specified to obtain the rank of an assumed-rank’variable.

ility specified in this Technical Specification is a compatible extension of Fortran as stand
0 1539-1:2010. It does not require that any changes be made/to the C language as stand
> 9899:1999.

intention of ISO/IEC JTC 1/SC22 that the semantics@nd syntax specified by this Technical Sp
ded in the next revision of ISO/IEC 1539-1 withodt change unless experience in the imple
of this feature identifies errors that need to,bexcorrected, or changes are needed to achid

ion, in which case every reasonable effort will be made to minimize the impact of such changes

bntations.

rhnical Specification is organized in 9 glauses:
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

Required editorial changes to ISO/IEC 1539-1:2010(E) Clause 9
ontains the following nonnormative material:

FExtended notes Annex A

to void is

perability
character
I assumed
rs of type
rank. An

rdized by
rdized by

ecification
Imentation
ve proper
n existing

NOTE 0.1

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

© ISO/IEC 2012 — All rights reserved


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



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

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

Information technology — Further interoperability of Fortran
with C

1 Scope

This Tegchnical Specification specifies the form and establishes the interpretation of facilities.that gxtend the
Fortran|language defined by ISO/IEC 1539-1:2010. The purpose of this Technical Spegification is tp promote
portability, reliability, maintainability, and efficient execution of programs containing(parts written jn Fortran
and parps written in C, for use on a variety of computing systems.

© ISO/IEC 2012 — All rights reserved 1
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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/IEC 1539-1:2010, Information technology—Programming languages—Fortran—Part 1:Base language

ISO /1IE 698994999 Programinirgtargtages—~eE

© ISO/IEC 2012 — All rights reserved 3
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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
assumed-rank object
dummy variable whose rank is assumed from its effective argument

3.2
assumefl-type object
dummy|variable declared with the TYPE(*) type specifier

3.3
C descriptor
C structure of type CFI_cdesc_t

NOTE 3.1

A  descriptor is used to describe a Fortran object that has no exact\analog 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/IEC 1539-1:2010 might have a different interpretation under this
Technical Specification if it invokes an external procedure having the same name as the new intrinsic procedure,
unless that—p e is-speetfiedto-havethe EXTERNALattribut

ey HEa 13
T pProceaarc—To—opT VeI |2 =3 vavanen

4.2 |Fortran 2008 compatibility

This Tephnical Specification specifies an upwardly compatible extension to ISO/TEC 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 entipy declared with a declaration-type-spec of TYPE (*) is an assumed-type entify~It has no declared type
and its dynamic type and type parameters are assumed from its effective argument: An assumed-typ¢ object is
unlimit¢d polymorphic.

C407a |An assumed-type entity shall be a dummy variable that does not hayethé ALLOCATABLE, CODIMEN-
SION, INTENT(OUT), POINTER, or VALUE attribute and is et ‘an explicit-shape array.

C407b |An assumed-type variable name shall not appear in a designator or expression except as|an actual
argument corresponding to a dummy argument that is asstmed-type, or as the first argument to any of
the intrinsic and intrinsic module functions IS_.CONTIGUOUS, LBOUND, PRESENT, RANK|, SHAPE,
SIZE, UBOUND, and C_LOC.

C407c |An assumed-type actual argument that correspends to an assumed-rank dummy argumenf shall be
assumed-shape or assumed-rank.

NOTE 5.1
An| assumed-type object that is not assumed-shape and not assumed-rank is intended to be passed as the
C fddress of the object. This means that there would be insufficient information passed for an pssumed-
tyge explicit-shape array that is an actual argument corresponding to an assumed-shape dummy argument.
Thirefore TYPE(*) explicit-shapésis not permitted.

NOTE 5.2
Thiis Technical Specification provides no mechanism for a Fortran procedure to determine the adtual type
of hn assumed-type.atrgument.

5.2 |Assumed-rank objects

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

Rb515  array-spec is explicit-shape-spec-list
or assumed-shape-spec-list
or deferred-shape-spec-list
or assumed-size-spec
or implied-shape-spec-list
or 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 9
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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

attribute.

An 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 intrins
function.

ic inquiry

Cb35¢ If an assumed-size or nonallocatable nonpointer assumed-rank array is an actual argument corresponding

The def

A
ar

thi

rajnk or either is assumed-rank.

IN(

is specified.

bument if the first is type compatible with the second, the kind type parameters of the first
e same values as the corresponding kind type parameters of the second; and both have the

DTE 5.3

to a dummy argument that is an INTENT(OUT) assumed-rank array, it shall not be poplymorphic,
finalizable, of a type with an allocatable ultimate component, or of a type for which default\initialization

nition of TKR compatible in paragraph 2 of subclause 12.4.3.4.5 of ISO/IEC 1539-1:2010 is changed to:

dummy argument is type, kind, and rank compatible, or TKR compatible;with another dujnmy

have
ame

Th
an

e intrinsic inquiry function RANK can be used to inquite about the rank of a data object. Th
assumed-rank object is zero if the rank of the correspending actual argument is zero.

e rank of

N(

DTE 5.4

As

actlual argument that corresponds to an asstimed-rank dummy argument in a Fortran interface f

fur
ral

be

bumed rank is an attribute of a Fortran dmrmy argument. When a C function is invoked

ction, the corresponding formal paranteter is the address of a descriptor of type CFI_cdesc_t (
k member of the descriptor provides<the rank of the actual argument. The C function should
able to handle any rank. On each\ihvocation, the rank is available to it.

with an
r that C
B.7). The
therefore

5.3

The

procedu
The con

C1255

Al

ALLOCATABLE, OPTIONAL, and POINTER attributes

re interface that“has the BIND attribute.
straint C1255 in subclause 12.6.2.2 of ISO/IEC 1539-1:2010 is replaced by the following three ¢

(R1230) If proc-language-binding-spec is specified for a procedure, each dummy argument shal
tefoperable procedure (15.3.7) or a variable that is interoperable (15.3.5, 15.3.6), assumed shapd

LOCATABLE, ORTIONAL, and POINTER attributes may be specified for a dummy argument in a

nstraints.

be an in-
, assumed

rank assumed tx, pe af assumed character ]pngfh arhasthe ATTOCATABLE or POINTER. afl

tribute. If

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

variable.

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

It
of
ing

owld be a severe burden to imp]amahfnv‘a 1o Y‘aniv‘n that (\‘F‘Tiq”nr‘afn tialize anpr\ﬂnnfu of

h derived type with default initialization. The alternative of not requiring initialization would }
bnsistent with the effect of ALLOCATE in Fortran.

n object
1ave been

5.4

5.4.1

The AS

5.4.2

Asynchi
other tl
complet]
initiatid
chronou
commuy

Asynchi
a pendi
with a
output
pointer

N(

ASYNCHRONOQOUS attribute

Introduction

Y NCHRONOUS attribute is extended to apply to variables that are usédfor asynchronous commy

Asynchronous communication

onous communication for a Fortran variable occurs through'the action of procedures defined
jan Fortran. It is initiated by execution of an asynch¥énous communication initiation proc
ed by execution of an asynchronous communication,epmpletion procedure. Between the execu
n and completion procedures, any variable of which*any part is associated with any part of
s communication variable is a pending communieation affector. Whether a procedure is an asy|
lication initiation or completion procedure is @rocessor dependent.

onous communication is either input comiunication or output communication. For input comm
hg communication affector shall not beleeferenced, become defined, become undefined, become
Hummy argument that has the VATLUE attribute, or have its pointer association status chaj
Pommunication, a pending commniunication affector shall not be redefined, become undefined,
association status changed.

DTE 5.6

unication.

by means
bdure and
ion of the
the asyn-
nchronous

unication,
hssociated
hged. For
r have its

As
Fo

ynchronous communigation can be used for nonblocking MPI calls such as MPI_IRECV and MP
example,

REAL :: BUE(100,100)
Y )Code that involves BUF
BLOCK
ASYNCHRONQUS :: BUF
CALL MPI_IRECV(BUF,...REQ,...)

[ ISEND.

! Code that does not involve BUF

CALL MPI_WAIT(REQ,...)
END BLOCK
! Code that involves BUF

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

© ISO/IEC 2012 — All rights reserved
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12

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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6 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.

6.2 |Explicit interface

Additiohally to the rules of subclause 12.4.2.2 of ISO/IEC 1539-1:2010, a procedure shall have af eXplicit interface
if it has|a dummy argument that is assumed-rank.

NOTE 6.1

An| explicit interface is also required for a procedure if it has a dummy arg@iment that is assumed-type
beg¢ause an assumed-type dummy argument is polymorphic.

6.3 [Argument association

An assuymed-rank dummy argument may correspond to an actual argument of any rank. If the actual|largument
has rank zero, the dummy argument has rank zero; the shape is a zero-sized array and the LBOJUND and
UBOUND intrinsic functions, with no DIM argument, return 'zero-sized arrays. If the actual argumenf has rank
greater fhan zero, the rank and extents of the dummy argument are assumed from the actual argument| including
the lackl of a final extent in the case of an assumed-sizetarpay. If the actual argument is an array and the dummy
argument is allocatable or a pointer, the bounds of thedummy argument are assumed from the actual prgument.

An assumed-type dummy argument shall not correspond to an actual argument that is of a derived type that has
type parameters, type-bound procedures, or fimal subroutines.

When a Fortran procedure that has an INDENT(OUT) allocatable dummy argument is invoked by a (f function,
and the|actual argument in the C functien is the address of a C descriptor that describes an allocated 4llocatable
variableg, the variable is deallocated om entry to the Fortran procedure.

When g4 C function is invoked from a Fortran procedure via an interface with an INTENT(OUT) 4llocatable
dummy|argument, and the-acttial argument in the reference to the C function is an allocated allocatablg variable,
the varipble is deallocatéd,on invocation (before execution of the C function begins).

6.4 [Intrinsic procedures

6.4.1 | SHAPE

The description of the intrinsic function SHAPE in ISO/TEC 1539-1:2010 is changed for an assumed-rank array
that is associated with an assumed-size array; an assumed-size array has no shape, but in this case the result has
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 13
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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
was 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 gbsent, the result is a zero-sized array. LBOUND or UBOUND cannot be invoked for. an assumed-rank
object that is associated with a scalar if DIM is present because the rank of a scalar is.zero and IDIM must
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”
paragraph 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. [[nquiry function.

Argument.

A shall be a scalar or array of any type.

Result|Characteristics. Default integer scalar.
Result|Value. The result is the rank of A.

Example. If X is a dummy argument declared with REAL X(..) and is argument associated with|an actual
argument that was declared REAL Y(:,:,:), RANK(X) has thewalue 3.

© ISO/IEC 2012 — Al rights reserved 15
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8 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-
1:2010 that if FPTR is an array, it shall be of interoperable type.

The fu

ction C_ F PROCPOINTER from the intrinsic module ISO_C_BINDING has the restriction i

ISO/IEC

1539-1:2
procedu

The fun|
if X is o

The fun|
that its

These r

If the V]
argume

8.2

A Cdes
it provi
structui

8.3
8.3.1

The IS(
dim_t, {
macro
definitid
select_p
used by
These p
assume

010 that CPTR and FPTR shall not be the C address and interface of a noninteroperab
re.

ction C_LOC from the intrinsic module ISO_C_BINDING has the restriction in ISO/IBC-1539-1
n array, it shall be of interoperable type.

ction C_.FUNLOC from the intrinsic module ISO_C_BINDING has the restrictiowin ISO/IEC 1
argument shall be interoperable.

bstrictions are removed.

hlue of a C function pointer will be the result of a reference to C_FUNLOC with a nonint
it, it is recommended that the C function pointer be declaredhvoid (*) ().

C descriptors

Criptor is a C structure of type CFI_cdesc_t. Together with library functions that have standard pj

e is defined in the file ISO_Fortran_binding.h.

ISO_Fortran_binding.h

Summary of contents

_Fortran_binding.h header file shall contain the definitions of the C structures CFI_cdesc-t
ypedef definitions fortCFI _attribute_t, CFI_.index_t, CFI_rank_t, and CFI_type_t, the definit
FI_.CDESC_T, macro. definitions that expand to integer constants, and C function prototypes
ns for CFI_address,” CFI allocate, CFI_deallocate, CFI_establish, CFI.is_contiguous, CFI_sect
hrt, and CFLsetpointer. The types, macros, and functions declared in ISO_Fortran_binding
a C functien-to interpret a C descriptor and allocate and deallocate objects represented by a C

rovide a,means to specify a C prototype that interoperates with a Fortran interface that has an a
| charaefer length, assumed-rank, assumed-shape, or data pointer dummy argument.

IS0_Fo3

e Fortran

:2010 that

39-1:2010

properable

rototypes,

Hes a means for describing and manipulating Fertran data objects from within a C function. This C

and CFI_-
jon of the
Or macro
on, CFI -
.h can be
lescriptor.
locatable,

Ftran_binding.h may be included in any order relative to the standard C headers, and may b

 included

more than once in a given scope, with no effect different from being included only once, other than the effect on
line numbers.

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

CFIl.index_t sm; The value is equal to the memory stride for a dimension. The value is the distande in bytes
bdtween the beginnings of successive elements along the dimension being described.

8.3.3 | CFl_cdesc_t

CFI_cdgsc_t is a named C structure type defined by a typedef, containing a flexible array member. It shall contain
at least [the members described in the list that follows this paragraph. The values of-these members of g structure
of type|CFI_cdesc_t that is produced by the functions and macros specified in this Technical Specification, or
received by a C function when invoked by a Fortran procedure, shall have thefollewing properties. Thelfirst three
membeis of the structure shall be base_addr, elem_len, and version in_that order. The final membe¢r shall be
dim, wifh the other members after version and before dim in any order.\The types CFI_attribute_t, CJFI_rank_t,
and CF[_type_t are described in 8.3.4. The type CFI_.dim_t is described-in 8.3.2.

void * [base_addr; If the object is an unallocated allocatalilé)variable or a pointer that is disassodiated, the
vallue is a null pointer. If the object has zero size, the value is not a null pointer but is otherwise [processor-
ddpendent. Otherwise, the value is the base addressvof the object being described. The base address of a
scplar is its C address. The base address of an array is the C address of the first element in Forfran array
el¢ment order (6.5.3.2 of ISO/IEC 1539-1:2010)-

size_t glem_len; If the object is scalar, the value is the storage size in bytes of the object; otherwise| the value
is|the storage size in bytes of an element-of the object.

int verpion; The value is equal to the, value of CFI_ZVERSION in the ISO_Fortran_binding.h headgr file that
ddfined the format and meaning of this C descriptor when the descriptor was established.

CFI_rank_t rank; The value is équal to the number of dimensions of the Fortran object being descrilped. If the
oHject is a scalar, the yalue is zero.

CFI1 _type_t type; The value is equal to the specifier for the type of the object. Each interoperable jntrinsic C
type has a specifier. Specifiers are also provided to indicate that the type of the object is an int¢roperable
stlucture, ords-unknown. The macros listed in Table 8.2 provide values that correspond to each|specifier.

CFI1_attributext attribute; The value is equal to the value of an attribute code that indicates whether the
ollject\déscribed is allocatable, a data pointer, or a nonallocatable nonpointer data object. The macros
ligtedvn Table 8.1 provide values that correspond to each code.

CFI_dim_t dim[ |; The number of elements in the dim array is equal to the rank of the object. Each element of
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
between the elements of the array that is being described, while allowing for the reordering of subscripts.
Within Fortran, such a reordering can be achieved with the intrinsic function TRANSPOSE or the intrinsic
furjction RESHAPE with the optional argument ORDER, and an optimizing compiler can accominodate it
Wi'ihout making a copy by constructing the appropriate descriptor whenever it can determine.thpt a copy
is

ot needed.

NOTE 8.2

The value of elem_len for a Fortran CHARACTER object is equal to the charactér|length times the number
of pytes of a single character of that kind. If the kind is C_.CHAR, this value,will be equal to the pharacter
lenjgth.

8.3.4 | Macros and typedefs

The makros and typedefs described in this subclause are defined in‘IS0_Fortran_binding.h. Except] for CFI_-
CDES(.T, each macro expands to an integer constant expression that is either a single token or a pargnthesized
expression that is suitable for use in #if preprocessing directives:

CFI_.COESC_T is a function-like macro that takes one argiument, which is the rank of the C descriptor{to create,
and evaluates to an unqualified type of suitable size andalignment for defining a variable to use as a C |descriptor
of that rank. The argument shall be an integer constant expression with a value that is greater than dqr equal to
zero angl less than or equal to CFI.MAX_RANK. "A*pointer to a variable declared using CFI_.CDES(.T can be
cast to CFI_cdesc_t *. A variable declared using®CFI_CDESC_T shall not have an initializer.

NOTE 8.3

Thie CFI.CDESC_T macro provideés the memory for a C descriptor. The address of an entity declared using
thq macro is not usable as anac¢tlial argument corresponding to a formal parameter of type CFIjcdesc_t *
wifhout an explicit cast. For.ekample, the following code uses CFI.CDESC_T to declare a C desfriptor of
raffk 5 and pass it to CRl_deallocate (8.3.5.4).

CFI_CDESC_T(5) object;
int ind;

. code %o ‘define and use C descriptor ...
ind = GFl_deallocate((CFI_cdesc_t *) &object);

CFL.index\4 is a typedef name for a standard signed integer type capable of representing the result of sfibtracting
two poitters:

The CFI.MAX_RANK macro has a processor-dependent value equal to the largest rank supported. The 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.
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NOTE 8.4

The intent is that the version should be increased every time that the header is incompatibly changed, and
that the version in a C descriptor may be used to provide a level of upwards compatibility, by using means
not defined by this Technical Specification.

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 specifying attribute codes
Maero Code
CFl_attribute_pointer data pointer
CFl_attribute_allocatable | allocatable
CFI attribute_other nonallocatable nonpointer
CFI_attribute_pointer specifies a data object with the Fortran POINTER attribute." [CFI_attribute_4llocatable
specified an object with the Fortran ALLOCATABLE attribute. CFI attribute_oth@r specifies a nongllocatable
nonpointer object.
The mafros in Table 8.2 are for use as type specifiers. The value for CFI_typelether shall be negative and distinct
from alllother type specifiers. CFI_type_struct specifies a C structure that_is interoperable with a Fortran derived
type; itp value shall be positive and distinct from all other type specifiers. If a C type is not int¢roperable
with a Fortran type and kind supported by the Fortran processorts macro shall evaluate to a negative value.
Otherwise, the value for an intrinsic type shall be positive.
Additiohal nonnegative processor-dependent type specifierévalues may be defined for Fortran intripsic types
that arg not represented by other type specifiers and nouinteroperable Fortran derived types that d¢ not have
type pafameters, type-bound procedures, final subroutines, nor components that have the ALLOCATABLE or
POINTER attributes, or correspond to CFI_type_other.
CFl_tyge_t is a typedef name for a standard jiteger type capable of representing the values for the pupported
type sp¢cifiers.
Table(8.2: Macros specifying type codes
Macro C Type
CF{_type_signed_char signed char
GFEI type_short short int
CF1 type_int int
CFI_type_long long int
CFl_type_long_long long long int
CFI1_type_size_t size_t
CFI_type_int8_t int8_t
CFlI_type_int16_t int16.t
CFI tvpe int32_ t int32 t
CFl_type_int64_t int64_t
CFl1_type_int_least8_t int_least8_t
CFI_type_int_least16_t int_least16_t
CFl1_type_int_least32_t int_least32_t
CFI_type_int_least64_t int_least64_t
CFI1 type_int_fast8_t int_fast8_t
CFl_type_int_fast16_t int_fast16_t
CFI_type_int_fast32_t int_fast32_t
CFlI_type_int_fast64_t int_fast64_t
20 © ISO/IEC 2012 — Al rights reserved
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Macros specifying type codes (cont.)
Macro C Type
CFl_type_intmax_t intmax_t
CFl_type_intptr_t intptr_t
CFI1_type_ptrdiff_t ptrdiff t
CFI_type_float float
CFI_type_double double

CFI_type_long_double
CF1_type_float_Complex
CFI_type_double_Complex
CFI1_type_long_double_Complex

long double
float _Complex
double _Complex

long double _Complex

N(

DTE 8.5

CFI_type_Bool
CFI1_type_char
CFl_type_cptr
CFI1_type_struct
CFI_type_other

_Bool
char
void *

interoperable C structure
Not otherwise specified

Th
int

e specifiers for two intrinsic types can have the same value. For examplé, CFI_type_int and CIFI_type_-
B2_t might have the same value.

The mal
constan
values d

should |

The err

r codes that indicate the following error conditiens are named by the associated macro name,

cros in Table 8.3 are for use as error codes. The macro CFI<SUCCESS shall be defined to be tlhe integer
L 0. The value of each macro other than CFI_.SUCCESS ,shall be nonzero and shall be different from the
f the other macros specified in this subclause. Error genditions other than those listed in this|subclause
e indicated by error codes different from the values{of'the macros named in this subclause.

Table 8.3: Macres, specifying error codes

Macro

Error

CFI_S

CFIH

CFIH

CFL]

CFL]

UCCESS

[RROR_-BASE_ADDR_NULL

NVALID_ELEM_LEN

NVALID RANK

[RROR_.BASE_ADDRINOT_NULL

No error detected.

The base address member of a C descriptor is a null poipter
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 descript¢r

is not valid.

CFIINVALID_TYPE

CFLINVALID_ATTRIBUTE

CFIINVALID_EXTENT

© ISO/IEC 2012 — All rights reserved

The value supplied for the type member of a C descriptor

is not valid.

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.
CFI.LERROR_-MEM_ALLOCATION Memory allocation failed.
CFI_LERROR_OUT_OF_BOUNDS A reference is out of bounds.
8.3.5 Functions
8.3.5.1| General
The mafros and functions described in subclause 8.3 and the structure of the C descriptor prowide a € function

with th
assume

Some o
detecte
A list o
permitt
one err(

In funct
same as

Prototy
in the f
identifig
the beh

N(

b capability to interoperate with a Fortran procedure that has an allocatable, assumed charact
[-rank, assumed-shape, or data pointer argument.

the functions described in 8.3.5 return an integer value that indicates whether an error con
|. A nonzero value is returned if an error condition was detected, and the yalde zero is returned
error conditions and macro names for the corresponding error codes is-supplied in 8.3.4. A p
bd to detect other error conditions. If an invocation of a function defined’in 8.3.5 could detect
r condition and an error condition is detected, which error conditionvis detected is processor d

ion arguments representing subscripts, bounds, extents, or, strides, the ordering of the elems
the ordering of the elements of the dim member of a C degeriptor.

pes for these functions, or equivalent macros, are provided in the ISO_Fortran_binding.h file ag
llowing subclauses of 8.3.5. It is unspecified whether the functions defined by this header are
rs declared with external linkage. If a macro definition is suppressed in order to access an actual
hvior is undefined.

DTE 8.6

er length,

lition was
ptherwise.
0Cessor is
more than
ependent.

nts is the

described
macros or
| function,

Th|
est
as

ese functions are allowed to be macro§’to provide extra implementation flexibility. For examy
hblish could include the value of CFIRVERSION in the header used to compile the call to CFI
hn extra argument of the actual function used to establish the C descriptor.

le, CFI_-
lestablish

8.3.5.2

Descrij

Formal

dv shal
va

void * CFl_address ( const CFl_cdesc_t * dv, const CFl_index_t subscripts[] );

btion. Compute thetC address of an object described by a C descriptor.

Parameters.

be the dddress of a C descriptor describing the object. The object shall not be an unallocated 4§
riable‘6r*a pointer that is not associated.

subscr]

llocatable

pts/is ignored if the object is scalar. If the object is an array, subscripts is the address of a

subscripts

array. The number of elements shall be greater than or equal To the rank r of the object. The subscript
values shall be within the bounds specified by the corresponding elements of the dim member of the 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

22

its C address.
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When the subscripts argument is ignored, its value may be either a null pointer or a valid pointer value,
but it need not be the address of an object.

Examp

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

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

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

CFI_index_t subscripts[2];

float *address;

subscripts[0] = 4;

subscripts[1] = 9;

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

8.3.5.3| int CFl_allocate ( CFl_cdesc_t * dv, const CFl_index_t lower_bounds[],

const CFl_index_t upper_bounds]], size_t elem_len ) ;

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

Formal Parameters.

dv shall be the address of a C descriptor specifying the rank and &ype of the object. On entry, the hase_addr
mpmber of the C descriptor shall be a null pointer, and~the elem_len member shall specify the element
lepgth for the type unless the type is a character typé) The attribute member of the C descr]ptor shall
hgve a value of CFI_attribute_allocatable or CFI_attribute_pointer.

lower_tounds is the address of a lower bounds array; The number of elements shall be greater than dr equal to
thie rank r specified in the C descriptor.

upper_bounds is the address of an upper boufids array. The number of elements shall be greater thaph or equal
to] the rank r specified in the C descriptor.

elem_1¢n is ignored unless the type specified in the C descriptor is a character type. If the object is pf Fortran
chiaracter type, the value of elem_len shall be the storage size in bytes of an element of the objgct.

Success
dv usin
and upg
dimensi
the C d
specifie
informa

ul execution of CFI_allocate allocates memory for the object described by the C descriptor with t

the same mecharlisin’ as the Fortran ALLOCATE statement. The first r elements of the 1lowg
er_bounds argumeénts provide the lower and upper Fortran bounds, respectively, for each cory
bn of the object. The supplied lower and upper bounds override any current dimension infor

| in the ‘C-descriptor is a character type, the supplied element length overrides the current elem|
bion (inythe descriptor.

he address
r_bounds
esponding
mation in

escriptor,~If the rank is zero, the lower_bounds and upper_bounds arguments are ignored. If the type

ent-length

d

oo dotootad +ho (VW docopid o 10 oot oo 10
If an errerds-detected—th deseriptoris-not—-modified-
Result Value. The result is an error indicator.

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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8.3.5.4

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 );

int CFl_deallocate ( CFl_cdesc_t * dv );

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

Formal

Parameters.

dv shal
m

target satisfying the conditions for successful deallocation by the Fortran DEALLOCAI E)stateme

of]

Success
DEALL

If an er
Result

Examp

and the

8.3.5.5

Descrij

Formal

dv shal
nd

a
dg

be the address of a C descriptor describing the object. It shall have been allocatedusing
bchanism as the Fortran ALLOCATE statement. If the object is a pointer, it shall be'associa

ISO/IEC 1539-1:2010).

(OCATE statement. The base_addr member of the C descriptor becomes a null pointer.
or is detected, the C descriptor is not modified.
Value. The result is an error indicator.

le. If dv is the address of a C descriptor for the Fortran aredy A declared as

real, allocatable :: A(:,:)

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

ind = CFI_deallocate( dv );

int CFl_establish ( CFl_cdesc(* dv, void * base_addr, CFl_attribute_t attribute,
CFl_type_t type, size_t elemklen, CFl_rank_t rank, const CFl_index_t extents|] );

btion. Establish a C descriptor.

Parameters.

t have thesame value as either a C formal parameter that corresponds to a Fortran actual ar
C actuallargument that corresponds to a Fortran dummy argument. It shall not be the addry
scriptor, that describes an allocated allocatable object.

the same
ed with a

nt (6.7.3.3

ul execution of CFI_deallocate deallocates memory for the object using the same mechanism as the Fortran

be the address.of a C object large enough to hold a C descriptor of the rank specified by rank. It shall

bument or
ess of a C

base_a
it

ldr.shall be a null pointer or the base address of the object to be described. If it is not a nu

[l pointer,

shall be the address of a contiguous storage sequence that 1s appropriately aligned (150/IEC

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

9899:1999

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
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.

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 shall
all be nonnegative.

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 set to zero. If base_addr is a null pointer, the established C descriptor is for an unallocated allocatable, a
disassociated pointer, or is a C descriptor that has the attribute CFI attribute_other but does not describe a

data ob

If an er

Result

NOTE 8.8

or is detected, the object with the address dv is not modified.

Value. The function returns an error indicator.

ect. If base_addr is the C address of a Fortran data object, the type and elem_len arguments shall be
consistent with the type and type parameters of the Fortran data object. The remaining properties of
are givejn by the other arguments.

the object

CH

I_establish is used to initialize a C descriptor declared in C with CFIZEDESC_T before passing|it to any

arg
lod]

otHer functions as an actual argument, in order to set the rank, attribute, type and element length.
NOTE 8.9
A [C descriptor with attribute CFI_attribute_other and{base_addr a null pointer can be us¢d as the

htable nonpointer data object.

ument result in calls to CFI_section or CFI_select_part), which will produce a C descriptor for a nonal-

Example 1. The following code fragment establishés a C descriptor for an unallocated rank-one g4llocatable
array that can be passed to Fortran for allocation ‘tliere.

CFI]rank_t rank;

CFIJCDESC_T(1) field;

int|ind;

rank = 1;

ind[= CFI_establish ( (CEIj¢desc_t *) &field, NULL, CFI_attribute_allocatable,

CFI_type_double, O, rank, NULL );

Example 2. Given the\Fortran type definition

tTyps
rd
[¢

end

, bind(c) %t t

al(c_double) :: x
mplex(c_double_complex) :: y
type

and a Fortran subprogram that has an assumed-shape dummy argument of type 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];
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extent[0] = 100;

ind

8.3.5.6

= CFI_establish( (CFI_cdesc_t *) &a_fortran, a_c, CFI_attribute_other,

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

int CFl_is_contiguous ( const CFl_cdesc_t * dv );

Description. Test contiguity of an array.

Formal Parameter.

dv shal
nd

Result

IN(

be the address of a C descriptor describillg an arrtay. 111 base_addr member of the C descr
t be a null pointer.

'Value. CFI_is_contiguous returns 1 if the array described is determined to be contiguous; and 0

DTE 8.10

ptor shall

btherwise.

A
att]

[ descriptor for an array describes a contiguous object if it has extent -1 indts final dim elemer]
ribute member indicates that the array is allocatable.

t or if its

8.3.5.7

Descrij

Formal

result
st
vy
or

thi

source
al
m

lower_t
ar
el
of]
th

upper_}
ar

int CFl_section ( CFl_cdesc_t * result, const CFl_cdesc_t * source,

btion. Update a C descriptor for an array section for whicleach element is an element of a gi

Parameters.

shall be the address of a C descriptor with raik.équal to the rank of source minus the num}
ides. The attribute member shall have theiXalue CFI_attribute_other or CFI_attribute_poinl
lue of result is the same as either a C formal parameter that corresponds to a Fortran actual
a C actual argument that corresponds tera Fortran dummy argument, the attribute member
e value CFI_attribute_pointer.

shall be the address of a C deseriptor that describes a nonallocatable nonpointer array, an
ocatable array, or an associated array pointer. The corresponding values of the elem_len
bmbers shall be the same (in,the C descriptors with the addresses source and result.

ounds shall be a null\pointer or the address of an array specifying the subscripts of the elem
ray described by the“C descriptor with the address source that is the first element, in For
ment order (6.5.3,2 of ISO/TEC 1539-1:2010), of the array section. If it is a null pointer, the
the first element’of the array described by the C descriptor with the address source are used;
e number.6f elements shall be greater than or equal to source->rank.

ounds shall be a null pointer or the address of an array specifying the subscripts of the elem
ray described by the C descriptor with the address source that is the last element, in For

el

const CFl_index_t lower_bounds|[], const CFl_index_t upper-beunds[], const CFl_index_t dtrides|[] );

ven array.

er of zero
ter. If the
argument

shall have

allocated
and type

ent in the
ran array
subscripts
ptherwise,

ent in the
ran array

bnient order (6.5.3.2 of ISO/IEC 1539-1:2010). of the array section. If it is a null pointer, the C

descriptor

with the address source shall not describe an assumed-size array and the subscripts of the last element of
the array are used; otherwise, the number of elements shall be greater than or equal to source->rank.

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

CF1]
CF1]
int
CF1I]
ind

ind

index_t lower_bounds[] = {2}, strides[] = {5};

CDESC_T(1) section;

ind;

rank_t rank = 1 ;

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

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

Example 2. If source is already the address of a C descriptor for the rankstwo assumed-shape array
in Fortrpn as

regl A(100,100)

the foll

A(:,42).

CF]

CF]
inf
CF]

wing code fragment establishes a C descriptor andsupdates it to describe the rank-one arr

_index_t lower_bounds[] = {source->ddw{0].lower_bound,41},

upper_bounds[] = {source->dim[0] ,lower_bound+source->dim[0].extent-1,41},
strides[] = {1,0};
_CDESC_T(1) section;

ind;
_rank_t rank = 1 ;

ind = CFI_establish ((CEX>cdesc_t *) &section, NULL,

CFI_attribute_other; CFI_type_float, O, rank, NULL);

A declared

hy section

ind = CFI_section (. (GFI_cdesc_t *) &section, source,
lower_bounds, Jupper_bounds, strides );
8.3.5.8| int CFl_select_part ( CFl_cdesc_t * result, const CFl_cdesc_t * source, size_t displacement, size_t
elem_leny);
Description.)Update a C descriptor for an array section for which each element is a part of the cormesponding
element|ofan array.
Formal Parameters.

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 value

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.

Successful execution of CFI select_part updates the base_addr, dim, and elem_len members of the Cldescriptor
with the¢ address result for an array section for which each element is a part of the corresponding/¢lement of
the arrgy described by the C descriptor with the address source. The part may be a component.of a|structure,
a substiing, or the real or imaginary part of a complex value.

If an ertor is detected, the C descriptor with the address result is not modified.
Result|Value. The function returns an error indicator.
Example. If source is already the address of a C descriptor for the Fortran arvay A declared thus:

type{bind(c):: t

re3l (C_DOUBLE) :: x

cofiplex (C_DOUBLE_COMPLEX) :: y
end {ype
type{t) A(100)

the follgwing code fragment establishes a C descriptor forthe array A(:)%y.
typgdef struct { double x; double _Complex y;} t;
CFIJCDESC_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_Cémplex, sizeof(double _Complex), 1, extent);

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

8.3.5.9| int CFl_Setpointer ( CFl_cdesc_t * result, CFl_cdesc_t * source, const CFl_index_t lower_bounds]]);

Description: ‘Update a C descriptor for a Fortran pointer to be associated with the whole of a giver] object or
to be disassociated.

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://iecnorm.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 the values of the 1ower_bonnds array if the rank is greater than zero and lower_bounds is not a null pointer.

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

Example. If ptr is already the address of a C descriptor for an array pointer of rank™l, the follofing code
updates it to be a C descriptor for a pointer to the same array with lower bound O.

CFl_index_t lower_bounds[1];

int ind;

loyer_bounds[0] = O;

ind = CFI_setpointer ( ptr, ptr, lower_bounds );

8.4 [Restrictions on C descriptors

A C deqcriptor shall not be initialized, updated, or copiediother than by calling the functions specified in 8.3.5.

If the ajddress of a C descriptor is a formal parameter that corresponds to a Fortran actual argumdnt or a C
actual grgument that corresponds to a Fortran dumithy argument,

e thie C descriptor shall not be modified if either the corresponding dummy argument in the Fortrap interface
hgs the INTENT(IN) attribute or the~C"descriptor is for a nonallocatable nonpointer object, angl
e thee base_addr member of the C descriptor shall not be accessed before it is given a value if the corfesponding
dymmy argument in the Fortrap\interface has the POINTER and INTENT(OUT) attributes.

NOTE 8.11

In phis context, modification refers to any change to the location or contents of the C descriptor, fincluding
esthblishment and (ipdate. The intent of these restrictions is that C descriptors remain intact at|all times
thdy are accessible.to an active Fortran procedure, so that the Fortran code is not required to copy them.

8.5 |Restrictions on formal parameters

Within [en C fullbtiUll, All ﬂllubﬂrtﬂ/}d}c Ul}jcbt Dlla}} 1|JU @}}Ubﬂ/tcd Ul \lcauubatcd Ulll_)/ 1|J'_y CAUbutiUll Uf the CFI,‘
allocate and CFI_deallocate functions. A Fortran pointer can become associated with a target by execution of
the CFl._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.

8.6 Restrictions on lifetimes

When a|Fortran object is deallocated, execution of its host instance is completed, or its association status becomes
undefingd, all C descriptors and C pointers to any part of it become undefined, and any furthei™use pf them is
undefingd behavior (ISO/TEC 9899:1999 3.4.3).

A C degcriptor whose address is a formal parameter that corresponds to a Fortran dunimy argumenfp becomes
undefingd on return from a call to the function from Fortran. If the dummy argument, does not have|either the
TARGHT or ASYNCHRONOUS attribute, all C pointers to any part of the object described by the C |descriptor
become|undefined on return from the call, and any further use of them is undefined behavior.

If the afldress of a C descriptor is passed as an actual argument to a Fortrxad procedure, the lifetime [(ISO/IEC
9899:1999 6.2.4) of the C descriptor shall not end before the return from the\procedure call. If an objec} is passed
to a Fortran procedure as a nonallocatable, nonpointer dummy argurment, its lifetime shall not end pefore the
return ffom the procedure call.

If the lifetime of a C descriptor for an allocatable object that wagestablished by C ends before the program exits,
the objdct shall be unallocated at that time.

If a Forfran pointer becomes associated with a C objegt,)the association status of the Fortran pointer becomes
undefingd when the lifetime of the C object ends.

NOTE 8.12
Thi following example illustrates how ayC-descriptor becomes undefined upon returning from a cll to a C
furction.

real,target :: x(1000)b

interface

real function Cfun(array) bind(c, name="Cfun")
real array(.:)
end function“Cfun
end interface
b = Cfun(x)

Cfyn is a_€-function. Before Cfun is invoked, the processor creates a C descriptor for the arrgy x. On
retpurn from Cfun, the C descriptor becomes undefined. In addition, because the dummy argumgnt array
do¢s ot have the TARGET or ASYNCHRONOUS attribute, all C pointers whose values were spt during

eXETMLIoN of CHunm to be tie address of any part of X becomme mdetimed:

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 with

the result of the prototype or
(b)  the interface describes a subroutine and the prototype has a result type of void,

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

prototype,

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

ters of the

If a du
charact(

If a dui
assume
for the 4
shall bd
than at
type m
o if

va

o if

8.

sul

C

e Off

(3—any dummy argument with the VATLUE attribute is interoperable with the correspondi

parameter of the prototype, and

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

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

(b) the dummy argument is a nonallocatable, nonpointer variable of type CHARAC
assumed length, and corresponds to a formal parameter of thé\prototype that is a
CFI_cdesc_t,

(¢) the dummy argument is allocatable, assumed-shape, assufneéd-rank, or a pointer w
CONTIGUOQUS attribute, and corresponds to a formal)parameter of the prototyps
pointer to CFI_cdesc_t, or

ponds to a formal parameter of the prototypé that is a pointer to void.

hmy argument in an interoperable interface is of type CHARACTER and is allocatable or a g
r length shall be deferred.

hmy argument in an interoperable interface(is allocatable, assumed-shape, of assumed charact
I-rank, or a data pointer, the corresponding formal parameter is interpreted as the address of a C
ffective argument in a reference to the pvocedure. The value of the attribute member of the C
compatible with the characteristics~of the dummy argument. The members of the C descri
tribute and type shall describétan object with the same characteristics as the effective arguy
bber shall have a value from-Table 8.2 that depends on the effective argument as follows:

the dynamic type of the effective argument is an interoperable type listed in Table 8.2, the corr
lue for that type;

the dynamic type 6f the effective argument is an intrinsic type with no corresponding type liste]
P or a noninterdperable derived type that does not have type parameters, type-bound proced
broutines, ner\edmponents that have the ALLOCATABLE or POINTER. attributes, or cory
F1_type_other; one of the processor-dependent nonnegative type specifier values;

herwise NCFI_type_other.

In an in

ng formal

f the pro-

899:1999,

F'ER with
pointer to

thout the
b that is a

(d)  the dummy argument is assumed-type and not assumed-shape or assumed-rank, apd corres-

ointer, its

er length,
descriptor
descriptor
tor other
nent. The

esponding

d in Table
ures, final
espond to

vocation of an interoperable procedure whose Fortran interface has an assumed-shape or asst

imed-rank

dummy argument with the CONTIGUOUS attribute, the associated effective argument may be an array that is
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.

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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9 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
Technical Specification. Descriptions of how and where to place the new material are enclosed in braces {}. Edits
to different places within the same clause are separated by horizontal lines.

In the ddits, except as specified otherwise by the editorial instructions, underwave (underwave) and [strike-out
(strike-gut) are used to indicate insertion and deletion of text.

0.2 |Edits to Introduction

{In parggraph 1 of the Introduction }

After “ipnformally known as Fortran 2008”
insert “| plus the facilities defined in ISO/IEC TS 29113:2012”.

{After paragraph 3 of the Introduction, insert new paragraph}

ISO/IEC TS 29113 provides additional facilities with the purpose 0f improving interoperability with the C pro-
grammipg language:

e aspumed-type objects provide more convenient interogerability with C pointers;

e aspumed-rank objects provide more convenient inteteperability with the C memory model;

e it fis now possible for a C function to interoperate with a Fortran procedure that has an allocatabld, assumed
chlaracter length, assumed-shape, optional, onpointer dummy data object.

9.3 |Edits to clause 1

{Insert pew term definitions before tertn 1.3.9 attribute}

1.3.8a
assume¢d rank
(dummy variable) the property of assuming the rank from its effective argument (5.3.8.7, 12.5.2.4)

1.3.8b
assumdgd type
(dummy variablé)\being declared as TYPE (*) and therefore assuming the type and type parameteys from its
effectivd argument (4.3.1)

{Insert péw’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)

{Insert 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 4.3.1.2 TYPE, edit the first paragraph as follows}

A TYPE type specifier is used to declare entities that are of assumed type, or of an intrinsic or derfived type.

{In 4.3.[.2 TYPE, insert new paragraphs at the end of the subclause}

An entipy that is declared using the TYPE(*) type specifier has assumed type and is anunlimited polymorphic
entity (4.3.1.3). Its dynamic type and type parameters are assumed from its associatéd effective argurhent.

C407a |An assumed-type entity shall be a dummy variable that does not have the’ AELOCATABLE, CODIMEN-
SION, INTENT(OUT), POINTER or VALUE attribute and is not ar{ explicit-shape array.

C407b |An assumed-type variable name shall not appear in a designater“or expression except as|an actual
argument corresponding to a dummy argument that is assumeéd-type, or as the first argument to any of
the intrinsic and intrinsic module functions IS_.CONTIGUOUS; LBOUND, PRESENT, RANK|, SHAPE,
SIZE, UBOUND, and C_LOC.

C407c |An assumed-type actual argument that correspondsito an assumed-rank dummy argumenp shall be
assumed-shape or assumed-rank.

9.5 |Edits to clause 5

{In 5.3.] Constraints, replace C516 with}

C516 |The ALLOCATABLE or POINEER attribute shall not be specified for a default-initializdd dummy
argument of a procedure that-lras a proc-language-binding-spec.

{In 5.3.ft ASYNCHRONOUS attribute, edit paragraphs 1 and 2 as follows:}

An entify with the ASYNEHRONOUS attribute is a variable that may be subject to asynchronous inpjut/output

or asyn¢hronous communication (15.6.4
The bage object of/a_variable shall have the ASYNCHRONOUS attribute in a scoping unit if

e the variablé-appears in an executable statement or specification expression in that scoping unit fnd
e arly statément of the scoping unit is executed while the variable is a pending I/O storage sequente affector

(946:2+5) or a pending communication affector (15.6.4).

{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”
3
change second “array” to “object”.

{In 5.3.8.1 General, edit paragraph 1 as follows}

The DIMENSION attribute specifies that an entity has assumed rank or is an array. An assumed-rank |entity has
the rank and shape of its associated actual argument; otherwise, theThe rank or rank and shape is specified by

its array-spec.
{In 5.3.B.1 General, insert additional production for R515 array-spec, after implied-shape-spec-list}

or assumed-rank-spec

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

An assymed-rank entity is a dummy variable whose rank is assumed from its effective argument; this|rank may
be zero| An assumed-rank entity is declared with an array-speezthat is an assumed-rank-spec.

Rb522a |assumed-rank-spec is

Ch35a |An assumed-rank entity shall be a dummy variable that does not have the CODIMENSION ¢r VALUE
attribute.

C535b |An assumed-rank variable name shallynot appear in a designator or expression except as|an actual
argument corresponding to a dummgy-argument that is assumed-rank, the argument of the C_LO{ function
in the ISO_C_BINDING intrinsi¢-iodule, or the first argument in a reference to an intrindic inquiry
function.

C5h35¢ |If an assumed-size or nonallocatable nonpointer assumed-rank array is an actual argument corresponding
to a dummy argument that is an INTENT(OUT) assumed-rank array, it shall not be polymorphic,
finalizable, of a typéywith an allocatable ultimate component, or of a type for which default iniftialization
is specified.

0.6 |Editsto clause 6

{In 6.5.ft Simply contiguous array designators, paragraph 2, edit the second bullet item as follows}

e an object-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).

9.7

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
(5.3.18), or VOLATILE (5.3.19) attributes, whether it is polymorphic, and whether it is a pointer (5.3.14, 5.4.12)
or a target (5.3.17, 5.4.15). If a type parameter of an object or a bound of an array is not a constant expression,

the exa
parame

t—depemndernce o tie entities T the expression 5 & characteristic. Ha Tank, siape, size, ¢
er is assumed or deferred, it is a characteristic.

e, or type

{In 12.4

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

(¢2) has assumed rank,

{Replade paragraph 2 of 12.4.3.4.5 with}

A dumipy argument is type, kind, and rank compatible, or TKR compatible, with another dummy afgument if
the first| is type compatible with the second, the kind type parameters of\the/first have the same valpes as the
corresp¢nding kind type parameters of the second, and both have the same'rank or either is assumed-rank.

{In 12.4.2.4 Ordinary dummy variables, append to paragraph 2}

If the adtual argument is of a derived type that has type parameéters, type-bound procedures, or final subroutines,
the dunpimy argument shall not be of assumed type.

{In 12.§.2.4 Ordinary dummy variables, paragraphs 3 and 4}

Change| “not assumed shape” to “explicit-shape orf\assumed-size” (twice).

{In 12.4.2.4 Ordinary dummy variables, paragraph 9}

After “qummy argument is a scalar”

Change| “or” to “, has assumed rankor is”.

{In 12.§.2.4 Ordinary dummy, variables, paragraph 10}

After “dhe CONTIGUOUS attribute” insert “, an assumed-rank entity with the CONTIGUOUS attribute that
is assoclated with an array actual argument”.

{In 12.4.2.4 Ordimaty dummy variables, insert new paragraph after paragraph 14}

An actyal argument of any rank may correspond to an assumed-rank dummy argument. The rank hnd shape
of the dumny argument are the rank and shape of the corresponding actual argument. If the rank i nonzero,
the IOW T (,I/lld UPP\JL qulldD Uf th\_/ dullllll')/ (A/LE)UIIL\JLI‘(J artT tllUD\J th(bt VVUUld bb 6;V\41L b‘y tllb illtlillD;\_‘ functions

LBOUND and UBOUND respectively if applied to the actual argument, except that when the actual argument
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”.
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{In 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)}

Change
associat
assume

[-shape array without the CONTIGUOUS attribute”.

“or an assumed-shape array without the CONTIGUOUS attribute” to “, an assumed-rank €nflity that is
ed with a scalar actual argument, an assumed-rank entity without the CONTIGUOUS cattribute, or an

{In 12.

C1255

C1255a

C1255b

9.8

{In 13.9

Delete

.2.2 Function subprogram, replace C1255 with these three constraints}

(R1230) If proc-language-binding-spec is specified for a procedure, each dunmmy argument shal
rank, assumed type, of assumed character length, or has the ALLOCATABLE or POINTER

If proc-language-binding-spec is specified for a function, the functionwésult shall be an interoper
variable.

(R1230) A dummy argument of a procedure that has a préc-language-binding-spec shall not
the OPTIONAL and VALUE attributes.

be of interoperable type or assumed type.

Edits to clause 13

of an array” (twice).

Standard generic intrinsic procedurésTable 13.1, LBOUND and UBOUND intrinsic functiors}

be an in-

teroperable procedure (15.3.7) or a variable that is interoperable (15.3.5, 15.376), assumed shapd, assumed

httributes.
hble scalar

have both

(R1230) A variable that is a dummy argument of a ppoeedure that has a proc-language-bindingtspec shall

{In 13.5
Insert nf

RANK

Standard generic intrinsjc procedures, Table 13.1}
ew entry into the table, alphabetically

(A) ' Rank of a data object.

{In 13.7

Argum
shall be]

.86, IS_.CONTIGUOUS, edit paragraph 3 as follows}

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

pointer it

{In 13.

.86, IS_CCONTIGUOUS, 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 13.7.90 LBOUND, edit paragraph 1 as follows}

Description. Lower bound(s) ef-an-array.

{In 13.7.90 LBOUND, edit paragraph 3, ARRAY argument, as follows}
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ARRAY shall be an array or assumed-rank object of any type. It shall not be an unallocated allocatable
variable or a pointer that is not associated.

{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}

Change “a type character scalar or array”
to “of type character”.

{Immediately before subclause 13.8.138 REAL, insert new subclause}
13.7.137a RANK (A)

Description. Rank of a data object.

Class. [[nquiry function.

Argument. A shall be a data object of any type.
Result|Characteristics. Default integer scalar.

Result|Value. The result is the rank of A.

Example. If X is a dummy argument declared with REAL X(..)”and is argument associated with|an actual
argument that was declared REAL Y(:,:,:), RANK(X) has thé value 3.

{In 13.7.149 SHAPE, replace paragraph 5 with}

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

{In 13.1.156 SIZE, edit paragraph 3, argument>ARRAY, as follows}

ARRAY shall be an array or assumed-tank object of any type. It shall not be an unallocated gllocatable
variable or a pointer that*is“not associated. If ARRAY is an assumed-size array, DINI shall be
present with a value less fhian the rank of ARRAY.

{In 13.7.156 SIZE, insert note after paragraph 3}

“NOTH 13.21a
If ARRAY is an assumed-rank object of rank zero, DIM cannot be present.”

{In 13.1.156 SIZEyteplace paragraph 5 with}
Result|Valdex» If ARRAY is an assumed-rank object associated with an assumed-size array and DIM|is present
with a value equal to the rank of ARRAY, the result is —1; otherwise, if DIM is present, the repult has a

a o s o A NP Y LW BN AL A a e A i o o SN eequalto

value edtrat—to

PRODUCT([(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 13.7.171 UBOUND, paragraph 1}
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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 ARRAY is an assumed-rank object of rank zero, DIM cannot be present.”

{In 13. 7 PBOYND;=dit paragraph 5 asfoltows}

Result|Value.

Case (if: For an array section or for an array expression, other than a whole array, UBOUNDARR
has a value equal to the number of elements in the given dimension;-etherwide;.

Case (i]):  For an assumed-rank object associated with an assumed-size array, UBOUND(ARRAY
where n is the rank of ARRAY has a value equal to LBOUND(ARRAY, n, KIND) — 2.

Case (ifi):  Otherwise, UBOUND(ARRAY, DIM) has a value equal to the uppér bound for subscri

Case (i

9.9

{In 15.1

The hed
with a H
dummy

ARRAY if dimension DIM of ARRAY does not have size zero and’has the value zero if
DIM has size zero.

): UBOUND (ARRAY) has a value whose i*" element is equal $6'UBOUND (ARRAY, i), for|i

.., n, where n is the rank of ARRAY.

Edits to clause 15

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

der ISO_Fortran_binding.h provides defixitions and prototypes to enable a C function to in|
ortran procedure with an allocatable, assumed character length, assumed-shape, assumed-rank,
data object.

AY, DIM)

n, KIND

bt DIM of
dimension

feroperate
or pointer

{In 15.2
of FPT]

“If the

sequencp

shall bd
entity,

.3.3 C_F_POINTER (CPTR, FPTR [,SHAPE])), paragraph 3, append a new paragraph to the d
R}
value of CPTR is the Chaddress of a storage sequence, FPTR becomes associated with th

. If FPTR is an arrayaits shape is specified by SHAPE and each lower bound is 1. The storag
large enough to ¢ontain the target object described by FPTR, shall not be in use by anoth

gnd shall satisfy @any other processor-dependent requirements for association.”

escription

ht storage
b sequence
br Fortran

{At the

“NOTH
In the ¢

end of 15.243:3 C_F_POINTER (CPTR, FPTR [,SHAPE)), insert new note}

15.xx
hse’ of-associating FPTR with a storage sequence, there might be processor-dependent requirer

as align

hents such

ent of the memorv address or placement in memory.”

{In 15.2.3.5 C_.FUNLOC(X), paragraph 3}

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 prototvpe that describes the target of CPTR.

with
“If the target of CPTR is interoperable, the interface for FPTR shall be interoperable withythe prot¢type that
describgs that target. Otherwise, the interface for FPTR, shall have the same characteristi¢s,as that tgrget.”
{In 15.4.7 Interoperability of procedures and procedure interfaces, paragraph 2, edit item (5) as follows}
(3 any dummy argument without the VALUE attribute corresponds to”a, formal parameter ¢f the pro-
totype that is of pointer type, and either
the dummy argument is interoperable with an entity of theweferenced type (ISO/IEC P899:1999,
6.25, 7.17, and 7.18.1) of the formal parameter,
the dummy argument is a nonallocatable, nonpointer variable of type CHARACIFER with
assumed length, and corresponds to a formal parameter of the prototype that is a [pointer to
the dummy argument is allocatable, assuihed-shape, assumed-rank, or a pointer without the
CONTIGUOUS attribute, and corresponds to a formal parameter of the prototyp¢ that is a
ointer to CFI cdesc_t, or
the dummy argument is assumed=type and not allocatable, assumed-shape, assumed-rank, or
a pointer, and corresponds to_a formal parameter of the prototype that is a pointer| to void,
(1 each allocatable or pointer dumigy’argument of type CHARACTER has deferred character length,
{In 15.3.7 Interoperability of procedures and procedure interfaces, insert new paragraphs at the dnd of the
subclauge after replacing 8.2 in (the new text with the Table number for the table “Macros specifying type
codes” }
If a duipnmy argument in @n) interoperable interface is allocatable, assumed-shape, assumed-rank, or |a pointer,
the corgesponding formal parameter is interpreted as the address of a C descriptor for the effective argument in
a referece to the precédure. The value of the attribute member of the C descriptor shall be compdtible with
the chatacteristigs 6f the dummy argument. The members of the C descriptor other than attribute|and type
shall depcribe an*ebject with the same characteristics as the effective argument. The type member sHall have a
value frpm Table 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 corgesponding

value for that type;
e if the dynamic type of the effective argument is an intrinsic type with no corresponding type listed in Table
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 correspond to
CFI_type_other, one of the processor-dependent nonnegative type specifier values;

e otherwise, CFI_type_other.

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
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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}

Insert 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

renumb

1 1 3= - LA L | il | e I 1 1 b Y h 1 1
as SUDCIaUsEs 1J.0.1 10 1J.0.9J, WIUIL UVIIC CXISUIIZE 1J.J9 10 DC ICIIUIIIDCICU 1J.1U allldl Its SUDCla
bred accordingly.

ises to be

{In 15.5

Append
to C_F{

.1 Definition and reference of interoperable procedures, paragraph 4}

the sentence “A C function shall not invoke a a function pointer whose value is-the result of 4
INLOC with a noninteroperable argument.”.

reference

{At the

“If the

argume

end of 15.5.1 Definition and reference of interoperable procedures, insert asnew paragraph:}

value of a C function pointer will be the result of a reference to €PUNLOC with a nonint
it, it is recommended that the C function pointer be declared void(*) ().”

properable

{At the

Insert s

9.10

{In 16.5

“(3a) t

9.11

{At the
follows

thi
thi

w

thi
thi

end of subclause 15.5}

ibclause 5.4.2 of this Technical Specification at the very'end of clause 15 where it will become

Edits to clause 16

.2.4 Events that cause pointers to become’disassociated, insert a new list item following list it

e target of the pointer is a C object arnd the lifetime of the C object ends,”

Edits to annex A

end of A.2 Processor dependencies, replace the final full stop with a semicolon and add ney

e value of CFI_.MAX_RANK in the file CFI_Fortran_binding.h;
e value of CEINZVERSION in the file CFI_Fortran_binding.h;

hich error-¢éndition is detected if more than one error condition is detected for an invocation
e functions specified in the file CFI_Fortran_binding.h;

e valugs of the attribute specifier macros defined in the file CFI_Fortran_binding.h;

thi

15.10.4.

em (3)}

I items as

of one of

e values of the type specifier macros defined in the file CFI Fortran_binding.h;

which additional type specifier values are defined in the file CFI_Fortran_binding.h;
the values of the error code macros, except for CFI_.SUCCESS, defined in the file CFI_Fortran_binding.h;
the base address of a zero-sized array;

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

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.

42 © ISO/IEC 2012 — Al rights reserved


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

A.l

A.l.1

The md
designe

(1

In the f
status,

The ex4d

A.1.2
A C int
int EX/
where t

to int)
is not r4

The firg]

interf]
integ

us¢

Ty}
inf

ISO/IEC TS 29113:2012(E)

Annex A

(Informative)

Extended notes

Clause 5 notes

—Using assumed type in the context of interoperation with C

chanism for handling unlimited polymorphic entities whose dynamic type is interoperable
| to handle the following two situations:

) A formal parameter that is a C pointer to void. This is an address, and moMurther iq
about the entity is provided. The formal parameter corresponds to a dumimy argument
nonallocatable nonpointer scalar or is an array of assumed size.

) A formal parameter that is the address of a C descriptor. Additional4nfétmation on the st
size, and shape is implicitly provided. The formal parameter corre§ponds to a dummy argu
is of assumed shape or assumed rank.

rst situation, it is the programmer’s responsibility to explicitly~provide any information need
ype, size, and shape of the entity.

mples A.1.2 and A.1.3 illustrate some uses of assumed-{ype entities.

Mapping of interfaces with void * C parameters to Fortran
priace for message passing or I/O functionalitiyycould be provided in the form

\MPLE_send(const void *buffer, sizest buffer_size, const HANDLE_t *handle);

he buffer_size argument is giverhdn units of bytes, and the handle argument (which is of a ty
provides information about the:target the buffer is to be transferred to. In this example, type
quired.

t method provides a thin*binding; a call to EXAMPLE_send from Fortran directly invokes the C

ce

fer (c_int) ftnction EXAMPLE_send(buffer, buffer_size, handle) &
bind(c,name="EXAMPLE_send")

,intrinsic :: iso_c_binding

e(x),Ndimension(*), intent(in) :: buffer

eger{c_size_t), value :: buffer_size

with C is

formation
that is a

tus, type,
ment that

ed on the

pe aliased
resolution

function.

inf

epér(c_int), intent(in) :: handle

end function EXAMPLE_send
end interface

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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