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Foreword

ISO (the International Organization for Standardization) and IEC (the Inter-
national Electrotechnical Commission) form the specialized system for
worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of Internatlonal Standards through technlcal
committeg
lar fields gf technical act|V|ty ISO and IEC technlcal commlttees collaborate
in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1ISO and IEC, also take part in the
work.

In the field of information technology, ISO and IEC have established a joint
technical fommittee, ISO/IEC JTC 1.

The main task of technical committees is to prepare International
Standard$, but in exceptional circumstances a technical committee may
propose the publication of a Technical Report of one of the following types:

— type 1, when the required support cannot be obtained for the publi-
cation of an International Standard, despite repeated efforts;

— type R, when the subject is still under technical development,or where
for any other reason there is the future but not immediate. passibility of
an agreement on an International Standard;

— type B, when a technical committee has collected ‘data of a different
kind from that which is normally published as an International Standard
(“statp of the art”, for example).

Technical|Reports of types 1 and 2 are subject.to review within three years
of publication, to decide whether they can be transformed into International
Standard$. Technical Reports of type 3“do not necessarily have to be
reviewed pntil the data they provide are'considered to be no longer valid or
useful.

ISO/IEC TR 15581, which is a Technical Report of type 2, was prepared by
Joint Technical Committee (1SO/IEC JTC 1, Information technology, Sub-
committeg¢ SC 22, Programniing languages, their environments and system
software Interfaces.

This Technical Report specifies an extension of the programming language
Fortran, specified-by ISO/IEC 1539-1:1997.

It is the i tentlon of ISO/IEC JTC 1/SC 22 that the semantics and syntax
described eportbencorporated T therext Tevisio of
ISO/IEC 1539-1:1997 exactly as they are specified here unless experience
in the implementation and use of this feature has identified any errors
which need to be corrected, or changes are required in order to achieve
proper integration, in which case every reasonable effort will be made to
minimize the impact of such integration changes on existing commercial
implementations.
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Introduction

There are many situations when programming in Fortran where it is necessary to allocate and deallocate
arrays ofvariable sizebut the full power of pointearrays isunnecessary and undesirable. In such
situations the abilities of a pointarray to aliasotherarraysand to have non-unit (and variable at
execution time)strides are unnecessary, atmgy are undesirable because this limits optimization,
increases the complexity of th@ogram, and increases thikelihood of memoryleakage. The
ALLOGATABtE=attribttesotvesthisproblerhut-canc Aty onty-be-tsedortocally-storedarrays,

a very [significant limitation. The most pressimged isfor this to beextended taarray compenents;
without] allocatablearray components it is overwhelminggifficult to create opaqudatatypes/with a
size that varies at runtime without serious performance penalties and memory leaks.!

A majof reason foextending theALLOCATABLE attribute toinclude dummyarguments and fungtion
results jis to avoid introducing further irregularities into the language. Furthermore, allodataiyig
argumgnts improve the ability tode inessentiadletails during problem decomposition by allowing the
allocatipn and deallocation to occur in caltbprogramswhich is oftery thé mostatural position.
Allocatable function results ease ttask of creatingarray functions wheoseshape is notletermined
initially jon function entry, without negatively impacting performanee.

=)

This extension is being defined by means ofechnical Report in théirst instance to allow egrly
publication of the proposed definitiohhis is to encourage eatiyplementation of importarextended
functionalities in a consistent manner and will allow extensive testing of the design eftéheed
functionality prior to its incorporation into the language by way of the revision of ISO/IEC 1539-1.
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| nfor mation technology - Programming languages - Fortran -
Enhanced data typefacilities

1 General

| @P~P-N-0"N

oSCOPE

-
his Technical Report specifies antension to the data-type facilities of the programm)
rtran The current Fortrafanguage is specified H$pO/IEC 1539-1 : 1997The_proposed
lows dummy arguments, function results, and components of derived types to be allo

(@]

lause 2 of this technical report containgemeral informabut precise<description of the
xtended functionalitieClause 3 containdetailed editorial changes which if applied te
ternational Standard would implement the revised language speeification.

()

I

—

.2 Normative reference
he following normative documentontans provisions which, through reference ir
pnstitute provisionsf this Technical Report. Fof. dated references, subsequent amd

(@]

bvisions of, any of thesgeublications do not apply. However, parties to agreements
echnical Report arencouraged to investigate the possibility of applying the most
f the normativelocumenindicated below. ¢5or undated references, the latest edition of
pcumentreferred to applies. Membersi80 andIEC maintain registers of currently \
ational Standards.
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The following subclauses contain a general description of the extensions required to the syntax and

semant
ALLOC

ics of the currenfortran language to provide facilitiesfor
ATABLE attribute.

2.1 Allocatable Attribute Regularization

regularization of the

In orde
all dats
stored

arra
dum
arra

Allocati
(COMN
SEQUE
EQUIV

The se
If it
curr
DEA
If it
allog
whe

the module.

If it
attri
from

statyis changes to not currently allocated.

Since 3
be stor

22 A

I to avoid irregularities in the language, the ALLOCATABAtEibuteneeds to be alloweg
entitiesfor which it makes senseThus, this attributevhich was previoushlimited ta-local
hrray variables is now allowed on

y components of structures,

my arrays, and

y function results.

hble entities remain forbidden from occurring in all plagksre they(may be storage-asso
ION blocks and EQUIVALENCE statements). Allocatableay.coemponents magppear
FNCE  types, butobjects of such typesare then prohibited from COMMON a
ALENCE.

mantics for the allocation status of an allocatable entity remain unchanged:
is in a main program ohasthe SAVE attribut€) ‘it has an initial allocatiostatus of

LLOCATE statements.

s a modulevariable without the SAVEttribute,the initial allocationstatus isnot curren
ated and the allocati@tatusmay becemenot currently allocated (by automatic dealloc
never execution of a RETURN or END statement results in no active procedure havin

is a local variable (not accessed by use or host association) and does not have
pute,the allocationstatusbeeomes noturrently allocated on entry to the procedure. C
this procedure, if it is-currently allocated it is automatically deallocated and the 3

n allocatable entity cannot beadias for an arragection (unlike pointearrays), itmay alwg
bd contiguously.

\locatable Arrays as Dummy Arguments

for
y

ciated
in
hd

hot

bntly allocated. Its allocation status changes only as aesult of ALLOCATE and

tly
ation)
) access to

the SAVE

n exit
llocation

yS

An allof

allocatable array.

On procedure entry the allocatistatus of arallocatabledummyarray becomeshat ofthe associated
actual argument. the dummyargument is not INTENT(OUT) antthe actualargument is currently
allocated, the value of the dummy argument is that of the associated actual argument.
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While the procedure iactive, an allocatabldummyargumentarray thatdoes not havéNTENT(IN)
may be allocated, deallocated, definedbecome undefined. Oneay of these events have occurred

no reference to the associated actual argument via another alias is permitted .

On exit from the routine thactual argument hagshe allocationstatus ofthe allocatabledummy
argument (there is no change, of course, if the allocataiieny argument has INTENT(IN)). The
usual rules apply for propagation of the value from the dummy argument to the actual argument.

=z

ETURN or END statement in the procedure of which it is a dummy argument.

o= Z

nnl

xample

(0)]

UBROUTINE LOAD(ARRAY, FILE)
REAL, ALLOCATABLE, INTENT(OUT) :: ARRAY (57)
CHARACTER(LEN=*), INTENT(IN) :: FILE
INTEGER UNIT, N1, N2, N3
INTEGER, EXTERNAL :: GET_LUN
UNIT = GET_LUN() I Returns an unused unit number
OPEN(UNIT, FILE=FILE, FORM="UNFORMATTED’)
READ(UNIT) N1, N2, N3
IF (ALLOCATED(ARRAY)) DEALLOQCATE(ARRAY)
ALLOCATE(ARRAY(N1, N2, N3))
READ(UNIT) ARRAY
CLOSE(UNIT)

HND SUBROUTINE LOAD

2.3 Allocatable Array.Function Results

An allocatable array function shall have an explicit interface.

O Q0

Lrrently allocated.

0 automatic deallocation of the allocataki@gmmy argument occurs as a result eecu

otethat an INTENT(IN) allocatabldummyargumentarray cannot havets allocationstatu
ithin the called procedureThusthe main difference betweanich adummyargument and
ummy array is that it might be unallocated on entry (and throughout execution of the p

The functien result variable may be allocated and deallocated any nuntineestiuring the
of thé function; however, it shall be currently allocated and hadefiaed value on exit

ion of a

saltered
a normal
rocedure).

n entry to an(allocatablerray function, the allocatiorstatus ofthe result variabldbecgmes not

execution
from the

fynction. Automatic deallocation of the result variadzes notoccurimmediately onexit from the

function, but after execution of the statement in which the function reference occurs.

! This storage can thus be reclaimed at the same time as that of array temporaries and theengslidit of

shape-spetunctions referenced in the expression.
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Example

FUNCTION INQUIRE_FILES_OPEN() RESULT(OPENED_STATUS)
LOGICAL,ALLOCATABLE :: OPENED_STATUS()
INTEGER 1,J
LOGICAL TEST
DO 1=1000,0,-1

INQUIRE(UNIT=I,0PENED=TEST,ERR=100)
IF (TEST) EXIT

100 CONTINUE
END P©
ALLOCATE(OPENED_STATUS(O:1))

DO J30,|
INQUIRE(UNIT=J,0PENED=OPENED_STATUS(J))
END PO

END FUNCTION INQUIRE_FILES_OPEN

2.4 Allocatable Array Components

Allocatablearray componentare defined to baultimate componentsjustéas pointecomponentsare,
becauge the value (if any) is stored separately frometeofthe structure and this storagimes mot
exist (because tharray is unallocated)when thestructure is created. Awith ultimate pointer
components, variables containing ultimate allocatablay compaonentsare forbidden from appeafing
directlyin input/output lists - the user shall list any allocatable array or pointer component for |i/o.

As per| allocatablearrays currently, they are forbidden_from storage association contexts (g0 any
variabl¢ containing an ultimate allocatabégray ‘component cannoappear in COMMON | or

EQUIVALENCE); this maintains the clarity and optimizability of allocatableays. However,
allocatablearray componentsre permitted in SEQUENCE typeghich allows the same type to be
defined separately in more than one scopipg*unit.

Deallogation of a variable containing=an ultimate allocatabigycomponent automatically deallogates
all such components of the variablé‘that are currently allocated.

In a strpicture constructor for a derived type containing an allocatable array component, the ekpression

corresgonding to the allocatable array component must be one of the following:

» an grgumentless reference to the intrinsic fundtioi.L(); the allocatable array component
receives the allocation status of not currently allocated.

» avdriable thatis-itself an allocatable array; the allocatable array component receives the allocation
statyis of thevariable, and, if allocated, the shape and value of the variable.

» any jpther array expression; the allocatable array component receives the allocation statug of
currently’allocated with the same shape and value as the expression.
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For intrinsic assignment of objects of a derived type containing an allocatable array component, the
allocatable array component of the variable on the left-hand-side receives the allocation status and, if
allocated, the shape and value of the corresponding component of the expression. This occurs as if the
following sequence of steps is carried dut:
1. If the component of the variable is currently allocated, it is deallocated.
2. If the corresponding component of the expression is currently allocated, the component of the
variableis allocated with the same shape. The value of the component of the expression is then
assigned to the corresponding component of the variable using intrinsic assignment.

=z

ote that this definition of assignment facilitates certain optimizations when the allocatable |array component
f the expression is allocated. In particular:
If the corresponding component of the variable is allocated with the same (ar-larger) sige, its storage can
be re-used without the overhead of an additional allocation or deallocation;
If the expression is a function reference, the processor can simply_copy the descriptor instead of the
allocatable array contents and omit the deallocation of this component:

= O

N

¢ This ensures that any pointers that point to the previous contents of the allocatable array component of the
variable become undefined. Implementations are thus free to skip the allocation-deallocation (or not) when the
component of the variable happens to be allocated with the same shape as the corresponding component of the
expression, whichever is most efficient.
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Example

MODULE REAL_POLYNOMIAL_MODULE
TYPE REAL_POLYNOMIAL
REAL, ALLOCATABLE :: COEFF(:)
END TYPE
INTERFACE OPERATOR(+)
MODULE PROCEDURE RP_ADD_RP, RP_ADD_R
END INTERFACE
CONTAINS
FUNGTION RP_ADD_R(P1,R)
TYPE(REAL_POLYNOMIAL) RP_ADD_R, P1
REAL R
INTENT(IN) P1,R
RP_|ADD_R%COEFF = P1%COEFF
RP_JADD_R%COEFF(1) = P1%COEFF(1) + R
END FUNCTION
FUNGTION RP_ADD_RP(P1,P2)
TYPE(REAL_POLYNOMIAL) RP_ADD_RP, P1, P2
INTENT(IN) P1, P2
INTEGER M
ALLDCATE(RP_ADD_RP%COEFF(MAX(SIZE(P1%COEFE); SIZE(P2%COEFF))))
= MIN(SIZE(P1%COEFF), SIZE(P2%COEFF))
RP_ADD_RP%COEFF(:M) = P1%COEFF(:M) + P2%COEFF(:M)
IF (31ZE(P1%COEFF)>M) THEN
RP| ADD_RP%COEFF(M+1:) = P1%COEFF(M+1)
ELSE IF (SIZE(P2%COEFF)>M) THEN
RP| ADD_RP%COEFF(M+1:) = P29%COEFR(N*1:)
ENO IF
END FUNCTION
END MODULE

PROGRAM EXAMPLE
USE REAL_POLYNOMIAL MODULE
TYPH(REAL_POLYNOMIAL) P,»@

P = REAL_POLYNOMIAL((/452, 1/)) I Set P to (X**2+2X+4)
Q = REAL_POLYNOMIAL((/2, 1/)) I Set Q to (X-1)
R=P+Q I Polynomial addition
PRINT *, 'Coefficients.are: ', R%COEFF

END
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3 Required editorial changes to ISO/IEC 1539-1 : 1997

The following subclauses contain the editorial changekSO/IEC 1539-1 : 199Tequired to include
these extensions in a revised definition of the International Standard for the Fortran language.

Note, where new syntax rules are inserted theyamgbered with a decimal addition to the rule number
that precedes them. In thectual document these will have to Imeoperly numbered in theevised
sequence.

g

omments about each edit to the standard appear within braces {}.

{Page and line number references in these edits are to the Draft of ISO/IEC .1539-
JIrC1/SC22/WG5/N1191.}
414, first paragraph, list item (2) [37:42]
Change “nonpointer component that is of derived type,”
To: “component that is of derived type and is not a peintéer or allocatable arraly,”
{The direct component tree stops at allocatable arrays, just as with.pointers.}
414, second paragraph [38:2]
Insert “allocatable arrays or” before “pointers®.
{This makes allocatable array components ittimate comiponents, just as pointer components.}
414.1, R42&omponent-attr-spec [38:42+]
add new production to ruleof ALLOCATLABLE".
{Allow ALLOCATABLE attribute in component-def-strht
R427, sixth constraint [39:13]
change “the POINTER attribute is not”
to “neither the POINTERattribute nor the ALLOCATABLE attribute is”
{Do not require arexplicit-shape-spec-listhen ALLOCATABLE is specified.}
Two new constraints.atend of list [39:16+]

g
{f

Add:
Constraint: If the- ALLOCATABLE attribute is specified for a component, the component shi

deferred-shape array.
onstraint"POINTER and ALLOCATABLE shall not both appear in the samg@onent-def-stn
Require~ ALLOCATABLE components to be deferred-shape arrays. Ensure R

AILLOCATABLE are exclusive.}

il be a

nt
POINTER

1:1997, ISO/IEC

and
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R428component-initialization [39:29+]
Add new constraint to end of list:
“Constraint: If the ALLOCATABLE attribute appears in th@mponent-attr-spec-list
component-initializatiorshall not appear.”
{Forbid default initialization - allocatable array components are already effectively default-initialized to “not
currently allocated”.}

4.4.1, paragraph beginning “If tS&QUENCE statements” [39:38-39]
add “or allocatable arrays”
after both occurrences of “are not pointers”.
{Allocatable array components, like pointer components, stop a SEQUENCE type from being p standard
(numeric or character) sequence type.}

4.4.1, gfter Note 4.25, [42:20+]
add new example:
“Note 4{25.1
A derived type may have a component that is an allocatable array. For example:
TYPE STACK

INTEGER :: INDEX
INTEGER, ALLOCATABLE :: CONTENTS(:)
END TYPE STACK

Hor each scalar variable of ty8TACK the shape of ,campone@ONTENTSs determined| by
executipn of an ALLOCATE statement or assignment statement, or by argument association.”
{Example needed.}

4.4.4, gdd new paragraphs to end of clause: [45:19+]
“If a component of a derived type is an allocatable array, the corresponding consiquiassion shall either

be a reference to the intrinsic function NULL().with no arguments, an allocatable array, or shall evaluate to an
array. [f the expression is a reference to the’intrinsic function NULL(), the corresponding companent of the
construgtor has a status of not currently-allocated. If the expression is an allocatable array, thedmgresp
comporjent of the constructor has the same allocation status as that allocatable array and, if it is fallocated, the
same shape and value. With any.other expression that evaluates to an array the corresponding{component of
the congtructor has an allocation-status of currently allocated with the same shape and value as tie expression.

ote 4.34.1:
hen the constructor is an actual argument, the allocation status of the allocatable array gomponent is
ailable through the associated dummy argument.

=z

If a derived type Contains an ultimate component that is an allocatable array, its constructor shall not appear
as adatp-stmt-constarih a DATA statement (5.2.9), as iaitialization-exprin anentity-decl(5.1), or ag an
initialization-exprin acomponent-initializatiorg4.4.1).”
{Allow structure constructors for derived types with allocatable array components, and define their
semantics.}

5.1, R501-R506, third constraint [48:1-2]
Delete “that is not a dummy argument or function result”
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5.1, eighth constraint, begins “The PARAMETER attribute shall not”: [48:12]
After “allocatable arrays,”
Add “derived-type objects with an ultimate component that is an allocatable array,”
{forbid such objects from having the PARAMETER attribute.}

5.1, third-last constraint, beginiitialization shall not appear”: [48:33]
after “an allocatable array,”

add “a derived-type object containing an ultimate component that is an allocatable array,”

{forbid such types from havingiritialization.}

5|1.2.4.3, second paragraph [65:12]
After “An allocatable array is”, change “a named array” to “an array”.
{bo not insist on allocatable arrays being simple names, i.e. allow components.}

5/1.2.4.3, third paragraph, begins “The ALLOCATABLE attribute may be® [55:15-19]
Replace paragraph with:

“The ALLOCATABLE attribute may be specified for an array in atype declaration stateme

definition statement, or an ALLOCATABLE statement (5.2.6):" An array with the ALL

tribute shall be declared with deferred-shape-spec-listh a type declaration sta

—

ARGET statement (5.2.8). The type and type parameters may be specified in a type de
[ a component definition statement.”

o

5]2.10, R533-R537, following the third constraiat [61:42+]
Add new constraint:
“Constraint: Adata-i-do-objector avariablethat appears asdata-stmt-objectshall
derived type containing an allocatable array as an ultimate component.”
fForbid initialization of allocatable arrays via the DATA statement.}

o))

~

6]

4, R545 first constraint [66:2-3]
After: “, a pointer,”
Insert “an allocatable array, or”
After “is a pointer”
Delete “,".
Do not allow.derived types containing allocatable arrays in NAMELIST.}

~

5|5.1, R548 first constraint [66:40]
After “an allocatable array,”

nt, a component
LOCATABLE
ement, an

LLOCATABLE statement, a component definition statement, a DIMENSION statement (5.2.5), or a

Claration statement

not be of

Insert “an object of a derived type containing an allocatable array as an ultimate comy

onent,”

{Do not allow derived types containing allocatable arrays in EQUIVALENCE.}
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5.5.2, R550 semd constraint [69:1]

After “allocatable array,”

Insert “an object of a derived type containing an allocatable array as an ultimate component,”
{Do not allow derived types containing allocatable arrays in COMMON.}

6.1.2, R612-R613, fourth constraint [75:14]
Change “POINTER” to “ALLOCATABLE or POINTER”.

{We do not want to have arrays of allocatable array elements, one from each allocatable array component.}

6.3.1.1) new paragraph at end of clause [80:29+]
“If an opject of derived type is created by an ALLOCATE statement, any ultimate allocatable components
have an allocation status of not currently allocated.”

{Specify allocation status of allocatable array components created by an ALLOCATE 'statement.}

6.3.1.2] new paragraph following the second paragraph [80:42+]
“An allgcatable array that is a dummy argument of a procedure receives the allocation status ¢f the actual
argumgnt with which it is associated on entry to the procedure. An allocatable array that is gn ultimate
compornent of a dummy argument of a procedure receives the @llocation status of the cgrresponding
comporjent of the actual argument on entry to the procedure.
{Specify initial status of allocatable dummy arrays. The second sentence is probably unnecessary.}

6.3.1.2] third paragraph [80:43]
er “that is a local variable of a procedure”
Insert “or an ultimate component thereof, that is'not a dummy argument or a subobject thergof”
{Exclude allocatable dummy arrays from the initial “not currently allocated” status, and also from fautomatic
deallocation.}

6.3.1.2] third paragraph [81:1]
er “If the array”
d “is not the result variable of the procedure or a subobject thereof and”
{Exclude allocatable function resuits from automatic deallocation.}

6.3.3.1) second paragraph [83:10-13]
er “has the SAVE attribute,”

Add new list items and renumber rest of list:

(2) Itis-a dummy argument or an ultimate component thereof.

(3)tis a function result variable or an ultimate component thereof.

{Say that these cases retain their allocation status (and thus are excluded from automatic deallocation).}

6.3.3.1, before Note 6.18, [83:18+]
Add new paragraph:
“When a variable of derived type is deallocated, any ultimate component that is a currently allocated
allocatable array is deallocated (as if by a DEALLOCATE statement).”
{Prevent memory leaks from nested allocatable array components.}

10
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