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Foreword

2015(E)

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.
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Introduction

The system for parallel programming in Fortran, as standardized by ISO/IEC 1539-1:2010, defines simple syntax
for access to data on another image of a program, synchronization statements for controlling the ordering of
execution segments between images, and collective allocation and deallocation of memory on all images.

The existing system for parallel programming does not provide for an environment where a subset of the images
can easily work on part of an application while not affecting other images in the program. This complicates
development of independent parts of an application by separate teams of programmers. The existing system
does not provide a mechanism for a processor to identify what images have failed during execution of a program.
This adversely affects the resilience of programs executing on large systems. The synchronization primitives
available in the existing system do not provide a convenient mechanism for ordering execution segments on
differeny images without requiring that those images arrive at a synchronization point before eitherds pllowed to
proceed] This introduces unnecessary inefficiency into programs. Finally, the existipg System do€s nipt provide
intrinsid procedures for commonly used collective and atomic memory operations, b for these
operatigns can be highly optimized for the target computational system, providi  program
performiance.

This Tefhnical Specification extends the facilites of Fortran for parallel pfogra i 2 y uping the
images ¢f a program into nonoverlapping teams that can more effectiyely & 3 bf a larger
problenl, for the processor to indicate which images have failed durikg exésutio i ecution of
the program on the remaining images, for a system of events tha Pl i execution

segmentls, and for collective and atomic memory operation sy i i mance for
specific joperations involving more than one image.

The faqility specified in this Technical Spegfficati 2 i grdized by
ISO/IE( 1539-1:2010, ISO/IEC 1539-1:2010/Cor ‘

It is the|intention of ISO/TEC JTC 1/SC22 thj i i i pcification
be inclyded in the next revision of ISO/IE 1530 i ) i i i mentation
and usd of this feature identifj€s s—that x ve proper
integratjfion, in which case every ) n existing

implem¢ntations.

This Tefhnical Speci@

Scope
Normative

Clause 1
Clause 2
Clause 3
Clause 4
Clause 5
Clause 6
Clause 7
Clause 8
Requlred editorial changes to ISO/IEC 1539-1:2010(E) Clause 9

It also dontains the following nonnormative material:

Extended notes Annex A
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1 Scope

This Technical Specification specifies the form and establishes the interpretation of facilities that extend the For-
tran language defined by ISO/IEC 1539-1:2010, ISO/TEC 1539-1:2010/Cor 1:2012, and ISO/IEC 1539-1:2010/Cor
2:2013. The purpose of this Technical Specification is to promote portability, reliability, maintainability, and ef-
ficient execution of parallel programs written in Fortran, for use on a variety of computing systems.

This Technical Specification does not specify formal data consistency model. Developing the formal data consist-
ency mddel is Teft until the integration of these tacilities imto 1507/TEC 1539-1-

@C@
T
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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/IE“ 1520 19010 /Clar 1-9019 T fosnn adion 4onhon oo o0 Dy gaaendm e Jom oo oo L gt onc oo D o) 1'Base lan_
TOOT T ZUTU OOt T ZuTD; T PG OR—TEER070GY T OGFaEHt Tt g GHaGes TOrtrer— Gt

guage TECHNICAL CORRIGENDUM 1

ISO/IEC 1539-1:2010/Cor 2:2013, Information technology—Programming language wPart 1l Base lan-
guage TECHNICAL CORRIGENDUM 2

©
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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. The intrinsic module ISO_ FORTRAN_ENYV is extended by this Technical Specification.

3.1
active image
image that has not failed or initiated termination

3.2
asynchronous progress

ability ¢f an image to reference or define a coarray on another image without wa4
any parficular statement or class of statement

3.3
established coarray
(in a tequn) coarray that is accessible using a coindexed designator

3.4
team
set of irhages that can readily execute independently of ot

3.4.1
current|team
(of an inage) team specified by the most recepthy
TEAM Fkonstruct, or initial team if no CHANGE

3.4.2
initial team
team, cpnsisting of all image

3.4.3 Q
parent feam

(of a teqgm) current tea : wiiemof'the CHANGE TEAM statement that established the

3.4.4
team nyimber
integer palue jdentifying afgam with

its parent team (5.1)

3.5
failed image

image that has.deased parjicipating in program execution but has not initiated termination (6.1)

3.6
stopped image

Lo execute

CHANGE

eam (5.1)

image that has initiated normal termination

3.7
event variable
scalar variable of type EVENT_TYPE (7.2) in the intrinsic module ISO_.FORTRAN_ENV

3.8
team variable
scalar variable of type TEAM_TYPE (5.2) in the intrinsic module ISO_. FORTRAN_ENV

© ISO/IEC 2015 — All rights reserved
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4 Compatibility

4.1 New intrinsic procedures

This Technical Specification defines intrinsic procedures 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 one of the new intrinsic
the EXTERNAT—atteibub

13
TTotrots

dures—unless—that-—procedure—is—so Had to-lbax
I'0CedUFesS—reSS—rharproceautreis—Speenea—+to1a¥
) P i

4.2 |Fortran 2008 compatibility

This Tephnical Specification specifies an upwardly compatible extension to IS odified by

ISO/IEQ 1539-1:2010/Cor 1:2012 and ISO/IEC 1539-1:2010/Cor 2:2013.

©
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5 Teams of images

5.1

Team concepts

A team of images is a set of images that can readily execute independently of other images. Syntax and semantics
of image-selector (R624 in ISO/IEC 1539-1:2010) are extended to determine how cosubscripts are mapped to
image indices for sibling or ancestor team references. Initially, the current team consists of all images and this is

known gs—the—initia-tesm—Iceptfortheinitial-team—every—teamhas-a—tniqie-parent—team—A—teannis divided
into ney teams by executing a FORM TEAM statement. Each new team is identified by an integer‘wajue known
as its tgam number. Information about the team to which the current image belongs can™ke defermined by the
processdr from the collective value of the team variables on the images of the tear.
During pxecution, each image has a current team, which is only changed by & S £ TIEAM and
END TEAM statements. Executing a CHANGE TEAM statement changeg 0 ko the'tearh specified
by the feam-variable, and execution of the corresponding END TEAM st 5 he gurrent feam back
to that jmmediately prior to execution of the CHANGE TEAM stafé
A nonallocatable coarray that is neither a dummy argument, SROCH 1th aduimmy argument, declared
as a locpl variable of a subprogram, nor declared in a BLOZK iSNe ished in the initial feam. An
allocatefl allocatable coarray is established in the team i i \ An unallocated gllocatable
coarray [is not established. A coarray that is amassociafing entt arrayrassociation of a CHANGE TEAM
statement is established in the team of its A nonallocatable coarray| that is a
dummy|argument or host associated with a dux Argu i blished in the team in which the [procedure
was invpked. A nonallocatable coarray that ig } ble of a subprogram or host associated with a local
variablg q_inawhich the procedure was invoked. A nongllocatable
coarray v in which the BLOCK statement wag executed.
A coarr team even if the corresponding actual|argument
is establi
5.2
TEAM] somponents. It is an extensible type with no type paramefers. Each
compon| ar variable of this type describes a team. TEAM_TYPE]|is defined
in the ij
A scala PE is a team variable. The default initial value of a team variabl¢ shall not
represel
5.3 |CHANGE TEAM construct
The CHANGE TEAM construct changes the current team to which the executing image belongs.
R501  change-team-construct is change-team-stmt

block

end-change-team-stmt
R502  change-team-stmt is [ team-construct-name: | CHANGE TEAM ( team-variable B

B |, coarray-association-list] [, sync-stat-list | )

R503  coarray-association is codimension-decl => coselector-name
© ISO/IEC 2015 — All rights reserved 9
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R504
R505

C501

C502

C503

C504

end-change-team-stmt is END TEAM [ ( sync-stat-list ) ] | team-construct-name ]

team-variable is  scalar-variable

(R501) A branch within a CHANGE TEAM construct shall not have a branch target that is outside the

construct.

(R501) A RETURN statement shall not appear within a CHANGE TEAM construct.

(R501) An ezit-stmt or cycle-stmt within a CHANGE TEAM construct shall not belong to an outer

construct.

(R501) If the change-team-stmt of a change-team-construct specifies a team-construct-name, the corres-

C505

C506
C507

C508

ponding end-change-team-stmt shall specify the same team-construct-name. 1t the change-tea
change-team-construct does not specify a team-construct-name, the corresponding end-change-
shall not specify a team-construct-name.

The values of the team-variables on the active images

executi
for the
the valy
executi

its ENTJ

A coselg
begins 4
during

1539-1:2
dynami
specifie

Within
that it |
An allo
deallocd

CHAN(
began.

The CH

socigtion associates a coarray with an establishg
an associating entity (8.1.3.2, 8.1.3.3, 16.5.1.6 of]
as the scope of the construct. It has the decl

ANGE TEAM and END TEAM statements are image control statements. All active images of |

team sh

-stmt of a
team-stmt

me in the
cam-stmt.

lefined by

or be the values of teanp variables

specified by
ble during
executing

statement
bd coarray
ISO/IEC
hred type,
are those

cobounds

all not be
htion of a
construct

he current

hll\execute the same CHANGE TEAM statement. When a CHANGE TEAM statement is execi

ted, there

is an implicit synchronization of all active images of the team containing the executing image that is identified
by team-variable. On each active image of the team, execution of the segment following the statement is delayed
until all other active images of the team have executed the same statement the same number of times since
execution last began in the team that was current before execution of the CHANGE TEAM statement. When a
CHANGE TEAM construct completes execution, there is an implicit synchronization of all active images in the
current team. On each active image of the team, execution of the segment following the END TEAM statement
is delayed until all other active images of the team have executed the same construct the same number of times
since execution last began in the team that was current before execution of the corresponding CHANGE TEAM

10
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statement.

NOTE 5.1

Deallocation of an allocatable coarray that was not allocated at the beginning of a CHANGE TEAM

construct, but is allocated at the end of execution of the construct, occurs even for allocatable coarrays

with the SAVE attribute.
5.4 Image selectors
The syntax rule R624 image-selector in subclause 6.6 of ISO/IEC 1539-1:2010 is replaced by:
R624 |tmage-selector is Ibracket cosubscript-list W

W |, team-identifier] [, STAT = stat-variabl cket
R624a |team-identifier is TEAM_NUMBER = scalar-int-expr
or TEAM = team-variable

C509 [(R624) stat-variable shall not be a coindexed object.
If TEA bsents the
current m and the
cosubsc
If TEAI he scalar-
int-exp ecution of
the FORM TEAM statement for the currentea he current
team aj f TEAM -
NUMBI r-int-expr
is ignor
Executi to become
defined. led image,
the stattvariable is defined with AN_ENV,
otherwige, it is deﬁne{§
The demotation of a sbef-paXx ity in the
same st hppears in
the sam ecution of
any par

IN( ¢

Thi ima; seﬁs&; 1\0@entiﬁes the current team. The image selector in b[i,team_number=1]|identifies

a sjbling tea e imagy selector in b[i,TEAM=ancestor] identifies the team ancestor.

NOTE 5.3

Thiesexpression x[1,stat=is(£(n))], where is is an array and f(n) is a function that returns gn integer

valie 1S an example of the denotation of a stai-variable 1 an image-selector that depends on the evaluation

of an entity in the same statement.

NOTE 5.4

The use of a STAT=specifier in an image selector allows a test to be made for a failed image in a

control statement.

where the use of a processor-dependent result could cause error termination or an incorrect execution path.
Where there is no such possibility, it may be preferable to rely on the STAT=specifier in the next image

reference

© ISO/IEC 2015 — All rights reserved

11


https://iecnorm.com/api/?name=47067e9cdc90164c1d0538786761899f

ISO/IEC TS 18508:2015(E)

NOTE 5.5

In the following code, the vector a of length N*P is distributed over P images. Each image has an array
A(0:N+1) holding its own values of a and halo values from its two neighbors. The images are divided into
two teams that execute independently but periodically exchange halo data. Before the data exchange, all
images (of the initial team) must be synchronized and for the data exchange the coindices of the initial
team are needed.

USE, INTRINSIC :: ISO_FORTRAN_ENV, ONLY: TEAM_TYPE
TYPE(TEAM_TYPE) :: INITIAL, BLOCK
REAL :: A(O:N+1) [*]
INTEGER :: ME, P2
INITIAL = GET_TEAM()
ME = THIS_IMAGE()
P2 = NUM_IMAGES()/2
FORM TEAM(1+(ME-1)/P2,BL0OCK)
CHANGE TEAM(BLOCK,B[*]=>A)
DO
! Tterate within team

! Halo exchange across team boundary
SYNC TEAM(INITIAL)
IF(ME==P2 ) B(N+1)
IF(ME==P2+1)  B(0)
SYNC TEAM(INITIAL)

END DO 6
END TEAM <\

5.5 [FORM TEAM statemen

A(1) [ME+1,TEAM=IN
A(N) [ME-1,TEAM=INITJAL]

R506 |form-team-stmt

R507 |team-number,

R508 [form-team-spec

C510  |(R506

The FORM PEAM one or more teams from the active images of the current team. [The value
of team{number sha Ssiti nd identifies the new team to which the executing image will belong.|The team
number|of each 1 within the current team is the team-number value of the FORM TEAM dtatements
executeql by its images, cessful execution of a FORM TEAM statement assigns the team-variable on each
particippting image a valtte that specifies the new team that the image will belong to.

The valphe’éfthe scalar-int-expr in a NEW_INDEX= specifier specifies the image index that the execufing image
will have T titeteant specified by team-rrarmier- 1t Sttt be posttive amd 1ess ta or equat to tie mamber of images
in the team. Each image with the same value for team-number shall have a different value for the NEW_INDEX=
specifier. If the NEW_INDEX= specifier does not appear, the image index that the executing image will have in
the team specified by team-number is a processor-dependent value that shall be positive, unique within the team,
and not greater than the number of images in the team.

The FORM TEAM statement is an image control statement. If the FORM TEAM statement is executed on one
image, the same statement shall be executed on all active images of the current team. When a FORM TEAM
statement is executed, there is an implicit synchronization of all active images in the current team. On these
images, execution of the segment following the statement is delayed until all other active images in the current

12 © ISO/IEC 2015 — All rights reserved
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team have executed the same statement the same number of times since execution last began in this team. If an
error condition other than detection of a failed image occurs, the team variable becomes undefined.

NOTE 5.6

Executing the statement

FORM TEAM ( 2-MOD(ME,2), ODD_EVEN )

with ME an integer with value THIS IMAGE() and ODD_EVEN of type TEAM_TYPE, divides the current
team into two teams according to whether the image index is even or odd.

NQTE 5.7

W]Ilen executing on P? images with corresponding coarrays on each image representing part$7of a larger

arrfry spread over a P by P square, the following code establishes teams for t s with image indices

eqial to the column indices.

USE, INTRINSIC :: ISO_FORTRAN_ENV

TYPE(TEAM_TYPE) :: ROW

REAL :: A[P,*]

INTEGER :: ME(2)

ME[:) = THIS_IMAGE(A)

FORM TEAM(ME (1) ,ROW,NEW_INDEX=ME(2)) /\
5.6 |SYNC TEAM statemen
R509  |sync-team-stmt
The SY[NC TEAM statement is an nnage cantr the active
images ¢f the team shall be thogé ve images
of the t¢am or shall be the value statement
performis a synchronization pRthe sxecuti ecified by
team-vdriable. Executign on_an ¥ag ayed until
each active other im p specif 0 dJame team
as many times as has hpage\M sj R 3| ast began in this team. The segments that executed pefore the
SYNC TEAM stateme 3 im3 sthe segments that execute after the SYNC TEAM stafement on
another|image.

N()TE 5. 8

AP tat ent p&{)rms a synchronization of images of a particular team whereas|a SYNC

AI_L st me s a §ynchronization of all images of the current team.
© ISO/IEC 2015 — All rights reserved 13
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6 Failed images

6.1

Introduction

A failed image is one that has ceased participating in program execution but has not initiated termination. A
failed image remains failed for the remainder of the program execution. The conditions that cause an image to
fail are processor dependent.

Defining a coindexed object on a failed image has no effect other than defining the stat-variable, if©up appears,
with th¢ value STAT_FAILED_IMAGE (6.4). The value of an expression that include§ a referenceto a[coindexed
object dn a failed image is processor dependent. Execution continues after such arfeference.
When an image fails during the execution of a segment, a data object on a & § undefined
if it might be defined or undefined by execution of a statement of the seg ! iwvocaltion of an
atomic gubroutine.
If the lack-variable in a LOCK statement was locked by a failed i image, it
becomes unlocked.
The CRITICAL statement described in subclause 8.1.5 of ISO/1I ilhed in 6.3.
NOTE 6.1
A failed image is usually associated withha haxdware f 'lurem, memory system, or interc¢nnection
nework. A failure that occurs while a coindexe r ifion, or collective action, is in progress
might leave variables on other images that would beNde that action in an undefined state. pimilarly,
failure while using a file might leave that\file Ql\axkun tate.
NOQTE 6.2
Coptinued execution after i in the initial team might be difficult because of the lost
connection to stahdaxd idput. tkelihood of a given image failing is small. With a large number
of mages, the like i than image 1 in the initial team failing is significantl and it is
for| this c1rcumstar}r\ tha AGE is designed.

N(

In
arg
cal

at\a,u/mage has failed by havmg the variable in a STAT=specifier oy

DTE 6. 3/\\\ \/
Y

a STAT
,lan image
MAGES.

6.2

FAIL IMAGE statement

R601

Jail-tmage-stmet 1S FAIL INMAGLE

Execution of a FAIL IMAGE statement causes the executing image to behave as if it has failed. Neither normal
nor error termination is initiated, but no further statements are executed by that image.

NOTE 6.4

The FAIL IMAGE statement allows a program to test a recovery algorithm without experiencing an actual
failure.

© ISO/IEC 2015 — All rights reserved
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NOTE 6.4 (cont.)

On a processor that does not have the ability to detect that an image has failed, execution of a FAIL
IMAGE statement might provide a simulated failure environment that provides debug information.

In a piece of code that executes about once a second, invoking this subroutine on an image

SUBROUTINE FAIL
REAL :: X
CALL RANDOM_NUMBER(X)
IF (X<0.001) FAIL IMAGE
END SUBROUTINE FAIL

will cause that image to have an independent 1/1000 chance of failure every second if the randori number
gerjerators on different images are independent. /\

6.3 |CRITICAL construct

The syrjtax rule R811 in subclause 8.1.5 of ISO/TEC 1539-1:2010 is replaced bys
R811 |critical-stmt is [ critical-construct-name : [ synestat-list)]

If an infage fails during the execution of a CRITICAL constfuct, the execwution ok the construct is regarded by
other injages as complete.

If the pgrocessor has the ability to detect that™an inpéage ha i an image completes execlition of a
CRITICAL statement that has a STAT= specifier i imag uct failed
while executing it, the specified variable becomesg™efinad W e-STAT_FAILED_IMAGE from tHe intrinsic
module [ISO FORTRAN _ENV. Otherwise w image.d Ietes execution of a CRITICAL statement that

has a S completes
executid the status
variablg pssor shall
assign an explanatory messdgs to © iat intrinsi i ; ise, lue of the
specifie

6.4

If the p t at an image has failed, the value of the default integer scalaj constant
STAT _H herwise, the value of STAT_FAILED IMAGE is negative. If the| processor
has the age involved in execution of an image control statement, a reference to
a coind Qbj a~eollectiye or atomic subroutine has failed and does so, and no error condifion other
than a fai inta ) d; the value of STAT_FAILED_IMAGE is assigned to the variable spefified in a
STAT= i i execuyion of an image control statement or a reference to a coindexed object, or|the STAT

argumeft in anjivocation of a collective or atomic procedure. If more than one nonzero status value is valid for
the exeg¢ution of a statement, the status variable is defined with a value other than STAT _FAILED_IMAGE. If
the STAT= specifier of an execution of a CHANGE TEAM, END TEAM, FORM TEAM, SYNC AlLL, SYNC
IMAGES; or SYNTC TEAM statement 1s assigned the value STAT _FAILED IMAGE, the mtended action shall
have taken place for all active images involved.

STAT FAILED_IMAGE is defined in the intrinsic module ISO_FORTRAN_ENV. The values of the named
constants IOSTAT_INQUIRE_INTERNAL_UNIT, STAT_FAILED_IMAGE, STAT _LOCKED, STAT_LOCKED _-
OTHER_IMAGE, STAT_STOPPED_IMAGE, and STAT_UNLOCKED in that module shall be distinct.
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vents

Introduction

An image can post an event to notify another image that it can proceed to work on tasks that use common
resources. An image can wait on events posted by other images and can query if images have posted events.

Segmen

ts ordered by EVENT POST and EVENT WAIT are included in the partial order specified in

subclause

2.3.5 of

7.2

EVENT
Each n

ISO_FORTRAN_ENV.

A scala
count, 1
of each
count a
executid
EVENT
INT_KI

event ¢

C701

C702

C703

ISO/IEC 1539-1:2010.

EVENT_TYPE

_TYPE is a derived type with private components. It is an exte 51b ¢
nallocatable component is fully default-initialized. EVENT_TY

variable of type EVENT_TYPE is an event variable.
Uhich is updated by execution of a sequence of EVEN/
change is as if the atomic subroutine ATOMIC_ADD\werke ¢
its ATOM argument A coarray that j i mm

t ¢ af‘a; ens

A named variable of s, coarray. A named variable with a n

subcomponent of type

EVENT PO

a SOURCE=
a reference to a v o explicit interface if the corresponding dummy argument has
(INOUT).

An event Variible s A inka vaxiable definition context except as the event-vari

harameters.
ic module

b its event

. [The effect

the event
Huring the
ay of type
' TOMIC -
lue of the

oncoarray

hble in an

cument in
INTENT

definition
{opt, as an
procedure

e regfrictions against changing an event variable except via EVENT POST and EVENT WA
nts‘ensure the integrity of its value and facilitate efficient implementation, particularly whd

1T state-
n special

1 . I . 11 ; 1 11
CIHTOIIZatIUIl IS TITCUCU 101 COITCUL CVCIIU IIAIIUIITIE.

NOTE 7.2

The updates of atomic variables are coherent but not necessarily consistent, so a processor might have to
use extra synchronization to obtain the consistency required for the segments ordered by EVENT POST
and EVENT WAIT statements.

© ISO/IEC 2015 — All rights reserved
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7.3 EVENT POST statement

The EVENT POST statement provides a way to post an event. It is an image control statement.
R701  event-post-stmt is EVENT POST ( event-variable [, sync-stat-list] )

R702  event-variable is  scalar-variable

C704 (R702) An event-variable shall be of type EVENT_TYPE (7.2).

Successful execution of an EVENT POST statement atomically increments the count of the event variable by 1.
If an error condition occurs during execution of an EVENT POST statement, the value of the count of the event
variable is processor dependent.

The corhpletion of an EVENT POST statement does not depend on the execution
WAIT gtatement.

orresponding EVENT

7.4 |[EVENT WAIT statement

The EVENT WAIT statement provides a way to wait until events arg . TEas i control gtatement.
R703 |event-wait-stmt is EVENT WAIT ( event-uariwhle

R704 |wait-spec is  until-spec
sync-stat

R705 |until-spec

C705
C706 [(R703) An until-spec shlNot 7
Executipn of an EVENT WA

(1)  the thresh6ld va
erpr has

ezpr if the UNTIL_.COUNT specifier appears and [scalar-int-
eTwise,

(4 the executing threshold

(3 threshold
If an erf it variable
is proce

An EV] 0 \IT state-
ment w|th a-threshold of k satisfies the first & unsatisfied EVENT POST statement executions for fhat event
variabld This’ EVENT WAIT statement execution causes the segment following the EVENT WAIT [statement
executidn to succeed the segments preceding those kK EVENT POST statement executions

NOTE 7.3

An unreasonably long wait on an EVENT WAIT statement in the presence of failed images may be because
it was intended that the event be posted by an image that has failed.

NOTE 7.4

Event variables are restricted so that EVENT WAIT statements can only wait on an event variable on the
executing image. This enables more efficient implementation of this concept.
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8 Intrinsic procedures

8.1

General

Detailed specifications of the generic intrinsic procedures ATOMIC_ADD, ATOMIC_AND, ATOMIC_CAS,

ATOMI
ATOMI

EVENT; OUERY FAITED IMACES CET TEREAM ITMACE STATHS dTOPPED IMACES oo d
B e A e e e e e e e S e S e e e e P e T e A e ey TS I e e e e e s e e R A i)

C_FETCH_ADD, ATOMIC_FETCH_AND, ATOMIC_FETCH_OR, ATOMIC_FETCH_XOR,
C_OR, ATOMIC_XOR, CO.BROADCAST, CO_MAX, CO_MIN, CO.REDUCE, CO_SUM,

TEAM |
procedu
actual 4

The int1
and TH
1:2012,

8.2

An atompic subroutine is an intrinsic subroutine that perforins gn/acfion™qn itSSATOM argument or

of its Ej
differen
in a sin
to the

ordered
in segm|
unorder]
are mad

Atomic
subrout
and no
the ima,
is receiyf

For invd
OLD is
an atoni

If the

argume

If the S

3 CbrIer

NUMBER, are provided in 8.4. The types and type parameters of the arg

insic procedures ATOMIC_DEFINE, ATOMIC_REF, IMAGE_INDEX
IS IMAGE described in clause 13 of ISO/IEC 1539-1:2010, as prodi
hre extended as described in 8.5.

Atomic subroutines

operations Sh%g k
ne on image

pther image define
bes A, B, or C ¢

ed by image

ic subroutmgevaluatio of an INTENT(IN) argument is not part of the atomic action.

[TAT argumient_is pyesent in an invocation of an atomic subroutine and no error condition o
1t is agsignied thevalue zero.

[TAT, argument is present in an invocation of an atomic subroutine other than ATOMIC_RH

b intrinsic

res are determined by these specifications. The “Argument” paragraphs gpecify\requirements on the

{IMAGES,

2010/ Cor

the count
rments by
the other
rith access
ns within
ic actions

which is
er as they

an atomic

segment,
if none of
that value

ssigned to
ocation of

ccurs, the

F and an

€rror c

h K AN L VAt ik nY —l 1.C 11 QAL —
IHIUITIOIT OCCULS, (Llly A 1LUIVIE U ULy alguulcub DCCUILICS UIllUcCIIiicu.  1T1IC O 1AL a15u1ucub IS ad

igned the

value STAT_FAILED_IMAGE if a coindexed ATOM or EVENT argument is determined to be located on a failed
image; otherwise, the STAT argument is assigned a processor-dependent positive value that is different from
STAT _FAILED IMAGE.

If a condition occurs that would assign a nonzero value to a STAT argument but the STAT argument is not

present,

error termination is initiated.

© ISO/IEC 2015 — All rights reserved
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NOTE 8.1

The properties of atomic subroutines support their use for designing customized synchronization mech-
anisms. The programmer needs to account for all possible orderings of sequences of atomic subroutine
executions that can arise as a consequence of the above rules; the orderings can turn out to be different on
different images even in the same program run.

8.3

Collective subroutines

A collective subroutine is one that is invoked on each active image of the current team to perform a calculation
on those images and that assigns the computed value on one or all of them. If it is invoked by one image, it shall

be invo
ordered
of invod
collectiy

st:d 1Uy L}lU oalllT b‘bd;‘bb'lllb‘ll‘l; Oll d}} dLLlVU illldéﬁb U[ L}lU LULLUIIL ‘UZJ(LIII ill t‘)&ULU‘biUll DUSU_IUIL‘LD t}l
with respect to each other. From the beginning to the end of execution as the current team, th
ations of collective subroutines shall be the same on all active images of the currént team. A4

pt are not
b sequence
\ call to a

If the Alargument to a collective subroutine is a whole coarray the correspondik 1 all active
images §f the current team shall be corresponding coarrays as described j 10.
Collecti ent in the
invocat he current
team.
If the S bssful, the
argumeft is assigned the value zero.
If the S rs, the ar-
gument|is assigned a nonzero value and the A arg § €d. If execution involves synchironization
with an|image that has initiated normal ter i scatgument is assigned the value of STAT_STIOPPED _-
IMAGH in the intrinsic module ISO_FORTRAN_EX f all images of the current team are fctive, the
argument is assigned a processef-de i le thap is different from the value of STAT _STIOPPED -
IMAGH or STAT_FAILED . O_FORTRAN_ENYV. Otherwise, if an image of the
current [team has been deteq g ‘ tdsdssigned the value of the constant STAT_FA[LED_IM-
AGE.
If a con ent is not
present,
If an E on occurs
during condition
occurs,

IN( 2

Thie argumenhk%a;?es undefined if an error condition occurs during execution of a collective sfibroutine

begause it is-inten that implementations be able to use A as scratch space.

NQTE 8.3

All of the collective subroutines have an argument A with INTENT(INOUT) that holds the original data
on entry and the result on return. If it is desired to retain the original data, this is readily obtained by
making a copy before entry. Here is an example:

REDUCTION = ORIGINAL
CALL CO_MIN(REDUCTION)

20
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NOTE 8.4

which allows overlap with other actions.

There is no separate synchronization at the beginning and end of an invocation of a collective subroutine,
However, each collective subroutine involves transfer of data
between images. A transfer from an image cannot occur before the collective subroutine has been invoked
on that image. The rules of Fortran do not allow the value of an associated argument such as A to be changed
except via the argument. This includes action taken by another image that has not started its execution
of the collective subroutine or has finished it. This restriction has the effect of a partial synchronization of

invocations of a collective subroutine.

If the actual argument is a coarray, the implementation might be able to optimize the execution of the
collective, for example by avoiding copying of data.

8.4

8.4.1
Descrij
Class.

Argum
ATOM

VALUH
STAT (

Examp

CALL /
of I[3]

8.4.2
Descrij
Class.

Argum
ATOM

New intrinsic procedures

ATOMIC_ADD (ATOM, VALUE [, STAT])

btion. Atomic add operation.
Atomic subroutine.

ents.

ATOMIC_INT_KIND is a named constant in

INTENT (INOUT) argument.
Sfalar with
le.

ATOMIC_INT_KIND).
A\TOMIC_ADD(][3], S value Qn image 3 to become defined with the value 46 i
as 4 when t @ i gion s .

bptional) shall be a noncoindexed intéger

a scalyr coarray or coindexed object of type integer with kind ATOMIC_INT _KIJ
ATOMICINT_KIND is a named constant in the intrinsic module ISO_FORTRAN_ENY
INTENT (INOUT) argument. ATOM becomes defined with the value IAND ( ATOM, IN']
ATOMIC_INT_KIND) ).

ND, where
V. It is an
'(VALUE,

r. It is an

the value

ND, where
V. It is an
'(VALUE,

VALUE

shall be an integer scalar. It is an INTENT(IN) argument.

STAT (optional) shall be a noncoindexed integer scalar with a decimal exponent range of at least four. It is an

Example.

INTENT(OUT) argument.

of I[3] was 5 when the atomic operation executed.

© ISO/IEC 2015 — All rights reserved
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8.4.3

ATOMIC_CAS (ATOM, OLD, COMPARE, NEW [, STAT])

Description. Atomic compare and swap.

Class. Atomic subroutine.

Arguments.

ATOM

shall be a scalar coarray or coindexed object of type integer with kind ATOMIC_INT _KIND or of
type logical with kind ATOMIC_LOGICAL_KIND, where ATOMIC_INT_KIND and ATOMIC_LO-
GICAL_KIND are named constants in the intrinsic module ISO_FORTRAN_ENV. It is an INTENT
(INOUT) argument. If the value of ATOM is equal to the value of COMPARE, ATOM becomes
defined with the value of INT (NEW, ATOMIC_INT_KIND) if it is of type integer, and with the

OLD

COMP/
NEW
STAT (

Examp
value is
operati

8.4.4
Descrij
Class.

Argum
ATOM

VALUH
OLD

STAT (

Examp
12 and
was 5 W

Value of NILW i1 it 1S of type logical. 1f the vaiue of A1 OM is ot equal to the vaiue of ©
the value of ATOM is not changed.

\RE shall be a scalar of the same type and kind as ATOM. It is an K \ 2 t.

bptional) shall be a noncoindexed integer scalar with a deci
INTENT(OUT) argument.

1.

Atomic subroutine.

ents.

t i¥an INTENT (IN) argument.

le. CALT. ATOMIC_FETCH_ADD(I[3], 7, OLD) causes I on image 3 to become defined with
he, value of OLD on the image executing the statement to be defined with the value 5 if the v.
hen.the atomic operation executed.

MPARE,

shall be a scalar of the same type and kind as ATOM. It is an INTENT (OUI)) argunpent. It is

r. It is an

he atomic

ND, where
V. It is an
'(VALUE,

same type and kind as ATOM. It is an INTENT (OUT) argunent. It is

r. It is an

the value
lue of I[3]

8.4.5

ATOMIC_FETCH_AND (ATOM, VALUE, OLD [, STAT])

Description. Atomic fetch and bitwise AND operation.

Class. Atomic subroutine.

Arguments.

ATOM

22

shall be a scalar coarray or coindexed object of type integer with kind ATOMIC_INT_KIND, where
ATOMIC_INT_KIND is a named constant in the intrinsic module ISO_FORTRAN_ENV. It is an IN-
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TENT (INOUT) argument. ATOM becomes defined with the value of IAND( ATOM, INT(VALUE,
ATOMIC_INT_KIND) ).

VALUE shall be an integer scalar. It is an INTENT (IN) argument.

OLD shall be a scalar of the same type and kind as ATOM. It is an INTENT (OUT) argument. It is
defined with the value of ATOM that was used for performing the atomic operation.

STAT (optional) shall be a noncoindexed integer scalar with a decimal exponent range of at least four. It is an
INTENT(OUT) argument.

Example. CALL ATOMIC_FETCH_AND (I[3], 6, IOLD) causes I on image 3 to become defined with the value
4 and the value of IOLD on the image executing the statement to be defined with the value 5 if the value of I[3]
was 5 when the atomic operation executed.

8.4.6 | ATOMIC_FETCH_OR (ATOM, VALUE, OLD [, STAT])

Description. Atomic fetch and bitwise OR operation.

Class. [Atomic subroutine.

Arguments.

ATOM shall be a scalar coarray or coindexed object of type ing ege Ri ND, where

ATOMIC_INT_KIND is a named constant in the intrinsic s i . It is an IN-
TENT (INOUT) argument. ATOM becomes def '(VALUE,
ATOMIC_INT _KIND) ).

VALUH shall be an integer scalar. It is ap

OLD sn INTENT (OUT) argunpent. It is

g the atomic operation.

STAT ( ecimal exponent range of at least four. It is an

Examp wises I on image 3 to become defined with| the value
3 and tl ent to be defined with the value 2 if the v4lue of I[3]
was 2 W

8.4.7 ) , VALUE, OLD [, STAT])

Descrij

Class.

Argum .

ATOM & scalaregarray or coindexed object of type integer with kind ATOMIC_INT_KIND, where

INB KIND is a named constant in the intrinsic module ISO_.FORTRAN_ENV. It is an IN-
TENT (INOUT) argument. ATOM becomes defined with the value of IEOR( ATOM, INT(VALUE,
ATOMIC_INT_KIND) ).

VALUH shall be an integer scalar. It is an INTENT (IN) argument.

OLD shall be a scalar of the same type and kind as ATOM. It is an INTENT (OUT) argument. It is
defined with the value of ATOM that was used for performing the atomic operation.

STAT (optional) shall be a noncoindexed integer scalar with a decimal exponent range of at least four. It is an
INTENT(OUT) argument.

Example. CALL ATOMIC_FETCH_XOR (I[3], 1, IOLD) causes I on image 3 to become defined with the value

2 and the value of IOLD on the image executing the statement to be defined with the value 3 if the value of I[3]
was 3 when the atomic operation executed.
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8.4.8 ATOMIC_OR (ATOM, VALUE [, STAT])

Description. Atomic bitwise OR operation.
Class. Atomic subroutine.

Arguments.

ATOM shall be a scalar coarray or coindexed object of type integer with kind ATOMIC_INT_KIND, where
ATOMIC_INT_KIND is a named constant in the intrinsic module ISO_.FORTRAN_ENV. It is an
INTENT (INOUT) argument. ATOM becomes defined with the value IOR ( ATOM, INT(VALUE,
ATOMIC_INT_KIND) ).

VALUE shall be an integer scalar. It is an INTENT (IN) argument.

STAT (pptional) shall be a noncoindexed integer scalar with a decimal exponent range of at least four. It is an
INTENT(OUT) argument.

Example. CALL ATOMIC_OR (I[3], 1) causes I on image 3 to become defingq &3 if the value of
I[3] was|2 when the atomic operation executed.

8.4.9 | ATOMIC_XOR (ATOM, VALUE [, STAT))

Description. Atomic bitwise exclusive OR operation.
Class. Atomic subroutine.

Arguments.

ATOM kind ATOMIC_INT_KIND, where

ATOMIC_INT_KIND is a named Dhin tKENNENgsic 7 odule ISO_.FORTRAN_ENY. It is an
sSdefned with the value IEOR ( ATOM, INT(VALUE,

VALUH shall be an integep/Scalar. M

STAT (pptional) shall be a poneginde S 'a decimal exponent range of at least four. It is an

Example. CALL A X ' ses \ofi image 3 to become defined with the value 2 if the value of
I[3] was|3 when the atovii cation B

8.4.100 CO_BROAD RCE_IMAGE [, STAT, ERRMSG])

Description. Copy a va ) es of the current team.
Class. [Collestive syk

Arguments.

A shall’have fie same dynamic type and type parameter values on all images in the current team. It
shall not be a coindexed object. It is an INTENT(INOUT) argument. If it is an array, it [shall have
the same shape on all images in the current team. A becomes defined, as if by intrinsic agsignment,
on all images 1 the current team with the value of A on image SOURCE_IMAGE.

SOURCE_IMAGE shall be an integer scalar. It is an INTENT(IN) argument. It shall be the image index of an
image in the current team and have the same value on all images in the current team.

STAT (optional) shall be a noncoindexed integer scalar with a decimal exponent range of at least four. It is an
INTENT(OUT) argument.

ERRMSG (optional) shall be a noncoindexed default character scalar. It is an INTENT(INOUT) argument.

The effect of the presence of the optional arguments STAT and ERRMSG is described in 8.3.

24 © ISO/IEC 2015 — All rights reserved


https://iecnorm.com/api/?name=47067e9cdc90164c1d0538786761899f

ISO/IEC TS 18508:2015(E)

Example. If A is the array [1, 5, 3] on image one, after execution of CALL CO_BROADCAST(A,1) the value
of A on all images of the current team is [1, 5, 3].

8.4.11 CO_MAX (A [, RESULT_IMAGE, STAT, ERRMSG])

Description. Compute elemental maximum value on the current team of images.
Class. Collective subroutine.

Arguments.

A shall be of type integer, real, or character. It shall have the same type and type parameters on
all images in the current team. It shall not be a coindexed object. It is an INTENT(INOUT)

argument. If it is a scalar, the computed value is equal to the maximum value of A on_alllimages in
the current team. If it is an array it shall have the same shape on all image the current] team and
each element of the computed value is equal to the maximum value Qf all co ing elements
of A on the images in the current team.

RESUL['_IMAGE (optional) shall be an integer scalar. It is an INTENT(IN aruent i ht, it shall
be present on all images in the current team, have the same in the rent team,
and that value shall be the image index of an image in the‘curre

STAT (pptional) shall be a noncoindexed integer scalar with a decj r. It is an
INTENT(OUT) argument.

ERRM{G (optional) shall be a noncoindexed default charac ument.

If REST team. If

RESUL[- h all other

images

The effe

Examp ge and [4,

1, 6] on ] on both

images.

8.4.12

Descrij

Class.

Argum

A meters on

(INOUT)
images in
thecurrent~tegam. If it is an array it shall have the same shape on all images in the current| team and
each element of the computed value is equal to the minimum value of all corresponding elements of
A on the images in the current team.
RESULTIMAGE (optional) shall be an integer scalar. It 15 an INTENT (1IN arguinent. 1T 1t 1S present, it shall

be present on all images in the current team, have the same value on all images in the current team,
and that value shall be the image index of an image in the current team.

STAT (optional) shall be a noncoindexed integer scalar with a decimal exponent range of at least four. It is an
INTENT(OUT) argument.

ERRMSG (optional) shall be a noncoindexed default character scalar. It is an INTENT(INOUT) argument.

If RESULT_IMAGE is not present, the computed value is assigned to A on all images in the current team. If
RESULT_IMAGE is present, the computed value is assigned to A on image RESULT_IMAGE and A on all other
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images in the current team becomes undefined.

The effect of the presence of the optional arguments STAT and ERRMSG is described in 8.3.

Example. If the number of images in the current team is two and A is the array [1, 5, 3] on one image and [4,
the other image, the value of A after executing the statement CALL CO_MIN(A) is [1, 1, 3] on both

1, 6] on
images.

8.4.13

CO_REDUCE (A, OPERATOR [, RESULT_IMAGE, STAT, ERRMSG])

Description. General reduction of elements on the current team of images.

Class_ ollective subroutine

Arguments.

A shall not be polymorphic. It shall have the same type and type parameters on all imalges in the
current team. It shall not be a coindexed object. It is an INT IfAisa
scalar, the computed value is the result of the reduction operatio TPR to the
values of A on all images in the current team. If A is an aprayit shal ha ape on all
images in the current team and each element of the comp ult of the
reduction operation of applying OPERATOR to all images in
the current team.

OPERATOR shall be a pure function with two scalar, nonallgcatable,vonpQinter ents of the

RESULI_

STAT (

ERRMS{
If REST

images
assignm

iteratiol

the add]ti

which id

The effd

same type and type parameters as A. Its result {shal e samegype and type paramd
The arguments and result shall ment has the ASYNCH]
TARGET, or VALUE attributé

bptional) shall be a
INTENT(OU

G (optional)

ct of the presence of the optional arguments STAT and ERRMSG is described in 8.3.

Examry

bters as A.
RONOUS,
plement a
e function

ht, it shall
ent team,

r. It is an

lument.

ent on all
y intrinsic
ned.

bss. Each

le set, and
le element

ler” The subroutine below demonstrates how to nse CO REDUCE to create a collective con

terpart to

the intrinsic function ALL:

SUBROUTINE co_all(boolean)
LOGICAL, INTENT(INOUT) :: boolean
CALL CO_REDUCE(boolean,both)
CONTAINS
PURE FUNCTION both(lhs,rhs) RESULT(lhs_and_rhs)
LOGICAL, INTENT(IN) :: lhs,rhs
LOGICAL :: lhs_and_rhs
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lhs_and_rhs = lhs .AND. rhs
END FUNCTION both
END SUBROUTINE co_all

8.4.14

CO_SUM (A [, RESULT_IMAGE, STAT, ERRMSG]))

Description. Sum elements on the current team of images.

Class. Collective subroutine.

Arguments.

A shal-be—ofnumerie—type—H—shalhave—the—same—type—and—trpe—parameters—on—al—mages in the
current team. It shall not be a coindexed object. It is an INTENT(INQUT) argumént| If it is a
scalar, the computed value is equal to a processor-dependent approximagion to the values
of A on all images in the current team. If it is an array, it shall hay all images
in the current team and each element of the computed value jsg Hependent
approximation to the sum of all corresponding elements of A on\the\m t team. If
RESULT_IMAGE is present, the computed value may depewd I IMAGE
specifies; otherwise, the computed value is the same on all 1

RESUL[' IMAGE (optional) shall be an integer scalar. It is an IN4 ht, it shall
be present on all images in the current team, have ent team,
and that value shall be the image index of an imiage in the.e

STAT (pptional) shall be a noncoindexed integer scalar w r. It is an
INTENT(OUT) argument.

ERRMS argument.

If REST team. If

RESUL h all other

images In the current team bec

The effdct of the presence of

Examgple. If the numbe ge and [4,

1, 6] on| the other i @ )] on both

images.

8.4.15

Descrij

Class.

Argum

EVENT shall be a scalar of type EVENT_TYPE defined in the intrinsic module ISO_.FORTRAN_ENV. It
shall not be coindexed. It is an INTENT(IN) argument.

COUNT shall he an integer scalar with a decimal range no smaller than that of defanlt integell It is an
INTENT(OUT) argument. If no error condition occurs, COUNT is assigned the value of the count

of EVENT. Otherwise, it is assigned the value -1.

STAT (optional) shall be a noncoindexed integer scalar with a decimal exponent range of at least four. It is an

INTENT(OUT) argument.

Example. If EVENT is an event variable for which there have been no successful posts or waits in
segments, and for which there are no posts or waits in an unordered segment, after the invocation

CALL EVENT_QUERY ( EVENT, COUNT )

© ISO/IEC 2015 — All rights reserved
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the integer variable COUNT has the value 0. If there have been 10 successful posts to EVENT and 2 successful
waits without an UNTIL_COUNT specification in preceding segments, and for which there are no posts or waits
in an unordered segment, after the invocation

CALL EVENT_QUERY ( EVENT, COUNT )

COUNT has the value 8.

NOTE 8.5
‘ Execution of EVENT_QUERY does not imply any synchronization.

8.4.16( FAILED_IMAGES ([TEAM, KIND]))

Description. Indices of failed images.

Class. [Transformational function.

Argumlents.

TEAM |[optional) shall be a scalar of type TEAM_TYPE defined in the intrinsicRgody AN_ENV.
If TEAM is present its value shall represent the cur ! (e § ecifies the
team; otherwise, the team specified is the current tean

KIND (pptional) shall be a scalar integer constant expression/ Its xa kallhe parameter
for type INTEGER. The decimal range for integers of thistki for default
integer.

Result|Characteristics. Integer. If KIND 1 the value
of KINID; otherwise, the kind type parameter 4 rank one
whose s be to have
failed.

Result|Value. The element lges in the

specified team, in numerically fcreasi ke ecuting image has previously executed an image control
statement whose ST STAT_FAILED_IMAGE from the intrinsic module ISO_-
FORTRAN_ENV, or ¢ whose STAT argument was set to STAT_FAILEI)_IMAGE,
and had not meanwhile”¢ E TEAM construct, at least one image in the set|of images

particip| Aag t tatement, or collective invocation shall be known to have failed.

Examples. If image3 15 the age in the current team that is known by the invoking image to hiave failed,
FAILEI)_ f there are no images in the current team that are known by the invoking
image t () is a zero-sized array.

8.4.17

Description.<TFeam value.

Class. [[rénsformational function.

Argument. LEVEL (optional) shall be a scalar integer whose value shall be equal to one of the named constants
INITIAL_TEAM, PARENT_TEAM, or CURRENT_TEAM defined in the intrinsic module ISO_.FORTRAN_ENV.

Result Characteristics. Scalar of type TEAM_TYPE defined in the intrinsic module ISO_FORTRAN_ENV.

Result Value. The result is the value of a team variable for the current team if LEVEL is not present, LEVEL
is present with the value CURRENT_TEAM, or the current team is the initial team. Otherwise, the result is the
value of a team variable for the parent team if LEVEL is present with the value PARENT_TEAM, and for the
initial team if LEVEL is present with the value INITIAL_ TEAM.
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Examples.

USE

, INTRINSIC :: ISO_FORTRAN_ENV, ONLY: TEAM_TYPE

TYPE(TEAM_TYPE) :: WORLD_TEAM, TEAM2

! Define a team variable representing the initial team
WORLD_TEAM = GET_TEAM()

END

SUBROUTINE TT (A)
USE, INTRINSIC :: ISO_FORTRAN_ENV, ONLY: TEAM_TYPE
REAL A[*]

2015(E)

TYPECTEAM_TYPE) :: NEW_IEAM, PARENT_TEAM

! Form NEW_TEAM

PARENT_TEAM = GET_TEAMQ)

CHANGE TEAM(NEW_TEAM)

8.4.18
Descrij
Class.

Argum
IMAGH
TEAM

Result

Result
IMAGH
STAT _H

Reference image 1 in parent’s team

A [1,TEAM=PARENT_TEAM] = 4.2
Reference image 1 in current team
4 [1]1 = 9.0
END | TEAM
END | SUBROUTINE TT

IMAGE_STATU

ption. Status of im

Elemental fur@.
ents.

shall be of %

Value., The resulyAalue is STAT _FAILED_IMAGE if the specified image has failed, STAT _ST]
if that image has initiated normal termination, a positive processor-dependent value diffq
AILED IMAGE or STAT_STOPPED_IMAGE if some other error has occurred for that image

otherwi

AN_ENV.
ecifies the

OPPED _-
rent from
, and zero

ray

Example. If image 3 of the current team has failed, IMAGE_STATUS ( 3 ) has the value STAT FAILED_IMAGE.

8.4.19

STOPPED_IMAGES ([TEAM, KIND])

Description. Indices of stopped images.

Class. Transformational function.

Arguments.

© ISO/IEC 2015 — All rights reserved
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TEAM (optional) shall be a scalar of type TEAM_TYPE defined in the intrinsic module ISO_FORTRAN_ENV.
If TEAM is present its value shall represent the current or an ancestor team, and it specifies the

team; otherwise, the team specified is the current team.

KIND (optional) shall be a scalar integer constant expression. Its value shall be the value of a kind type parameter

for type INTEGER. The decimal range for integers of this kind shall be at least as large as
integer.

for default

Result Characteristics. Integer. If KIND is present, the kind type parameter is that specified by the value
of KIND; otherwise, the kind type parameter is that of default integer type. The result is an array of rank one
whose size is equal to the number of images in the specified team that have initiated normal termination.

Result

Value. The elements of the result are the values of the indices of the images that have initiated

normal
execute

termination in the specified team, in numerically increasing order. If the executing image hds
1l an image control statement whose STAT= specifier assigned the value STA QPPED IM

previously
AGE from

the intrjnsic module ISO_FORTRAN_ENYV or invoked a collective subroutine whose| STAT axgument was set to
STAT_STOPPED_IMAGE, and has not meanwhile entered or left a CHANGE . uct, at] least one
of the inages participating in that image control statement or collective inv \ Hchave initiatpd normal
terminafion.

Examplles. If image 3 is the only image in the current team that hagiqitis 3 iwation, STIOPPED -
IMAGHS() has the value [3]. If there are no images in the current fe li8ye initiated normal tefmination,
STOPPED_IMAGES() is a zero-sized array.

8.4.200 TEAM_NUMBER ([TEAM])

Description. Team number.

Class.

Transformational function.

Argumlent. TEAM (optional) ’TYPE defined in the intrinsic modlule ISO_-
FORTRAN_ENV. If TEAM is % the current or an ancestor team, and {t specifies
the tearp; otherwise, the team sp
Result|Characteristics.
Result|Value. If th cifis issthe inttial Yeam, the result is -1; otherwise, the result value i the team
number|identifying the tedm invokingNmage within the specified team.
Example. e use of TEAM_NUMBER to control which code is exectted.
TYPE(TEAM_TYPE
ME = THIS_TMA
FORM TEAM ( 2-M8D ODD_EVEN )
CHANGE |[TEAM (ODD:

SELEGT CASE~(TEAM_NUMBERQ))

CASE| (¥)

;| WCode for images with odd image indices in parent team
CASE (2)
! Code for images with even image indices in parent team

END SELECT
END TEAM
30 © ISO/IEC 2015 — All rights reserved
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8.5 Madified intrinsic procedures

8.5.1 ATOMIC_DEFINE and ATOMIC_REF

The intrinsic subroutines ATOMIC_DEFINE and ATOMIC_REF in ISO/IEC 1539-1:2010 are modified to take
account of the possibility that an ATOM argument is located on a failed image and to add the optional argument
STAT.

The STAT argument shall be a noncoindexed scalar of type integer with a decimal range of at least four. It is an
INTENT(OUT) argument.

8.5.2 IMAGE_INDEX

The intfinsic function IMAGE_INDEX in ISO/IEC 1539-1:2010 is modified by adding~s itiongl versions
that spgcify the team with the argument TEAM or the argument TEAM_NUM i) d result if
either of these versions is invoked.

The THAM argument shall be a scalar of type TEAM_TYPE defined in the ttrikg RTRAN -
ENV. Iffs value shall represent the current or an ancestor team.

The THAM_NUMBER argument shall be a positive integer scalar,
value isfignored. Otherwise, its value shall be that of a team nu
a FORNI TEAM statement for the current team.

team, its
ecution of

The resplt is the image index in the specified team.

8.5.3 | MOVE_ALLOC

The intfinsic subroutine MOVE_ALLOC in 8 3¢ :2010/Cor
2:2013, s extended to take account of the posgibilj e hts, STAT
and ERRMSG, and modified sepfaqtics o i

The STAT argument shall bg a noncoildexed i four. It is
an INTENT(OUT) argumen

The ERRMSG arguha i ¢ Argument.

If the efxecution is succes

)

Becomes unallocated if FROM is unallocated on entry tq MOVE_-
becomes allocated with dynamic type, type parameters, arraly bounds,

@ ag thet TARGET attribute, any pointer associated with FROM on entry to MOVE_ALLOC
g espordingly associated with TO. If TO does not have the TARGET attrjibute, the

Thesallocation status of FROM becomes unallocated.

6

When af reference to MOVE_ALLOC is executed for which the FROM argument is a coarray, there is gn implicit
synchromization of all active lmages ol the CUrrent teall. OUn eacl active liage, execution ol the segment (8.5.2
of ISO/IEC 1539-1:2010) following the CALL statement is delayed until all other active images of the current
team have executed the same statement the same number of times since execution last began in this team.

If the STAT argument appears and execution is successful on all images, the argument is assigned the value
zero; if a failed image is detected and execution is otherwise successful, the STAT= specifier is assigned the value
STAT _FAILED_IMAGE in the intrinsic module ISO_FORTRAN_ENV.

If the STAT argument appears and an error condition occurs, the argument is assigned the value STAT -
STOPPED_IMAGE in the intrinsic module ISO_.FORTRAN_ENYV if the reason is that a successful execution would
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have involved an interaction with an image that has initiated termination; otherwise, the value is a processor-
dependent positive value that is different from the value of STAT_STOPPED_IMAGE or STAT _FAILED_IMAGE.

If the STAT argument does not appear and an error condition occurs or an image involved in execution of the
statement has failed, error termination is initiated.

If the ERRMSG argument is present and an error condition occurs, the processor shall assign an explanatory
message to the argument. If no error condition occurs, the processor shall not change the value of the argument.

8.5.4

NUM_IMAGES

The intrinsic function NUM_IMAGES in ISO/IEC 1539-1:2010 is modified by adding two versions that specify

the tear
versiong

The TH

ENV. Iffs value shall represent the current or an ancestor team.

The TH
value is

a FORN

The res

8.5.5

The int

that thd
index of

is invoked.

AM argument shall be a scalar of type TEAM_TYPE defined in the intrj

[ TEAM statement for the current team.

11t is the number of images in the specified team.

THIS_IMAGE

9,

32
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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 qdits, except as specified otherwise by the editorial instructions, underwave (underwave) afd [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 “ipformally known as Fortran 2008, plus the facilities defined ir<[SO 9113:2012” add “and ISO/IEC

TS 185(8:2015”.
Msert new paragraph}

{In the

e Featu

Optiond ! statement. Optional arguments are
added t intrinsi _DEF \ REF, IMAGE_INDEX, MOVE_ALLOC, NUM _-

IMAGHS, ¥ permit designation of coarrays adross team
boundati AGES intrinsic procedure provides thelindices of
stopped) i X QH KAM construct, TEAM_TYPE derived tyge, FORM
TEAM S A T TEAM and TEAM _NUMBER intrinsic procgdures, to
provide tof\the ima f the\program to act as if it consists of all images for th¢ purposes
of imagg i y i0ns, an onization. The collective subroutines CO_.BROADCAST,
CO_MAX, _ , Q perform computations based on values on all active images
of the ¢ ibik ficient execution of reduction operations. The additiopal atomic

subrout SAND OATOMIC_CAS, ATOMIC_FETCH_ADD, ATOMIC_FETICH_AND,
ATOMIC_FETCH OR\ATOM F OR, ATOMIC_OR, and ATOMIC_XOR perform integen addition,
compar ¢ ! 15€ & tations. The event facility uses the EVENT POST and EVENT WAIT

stateme) ived type, and the EVENT_QUERY intrinsic procedure to allow|one-sided
ordering The FAIL TEAM statement, the FAILED_ IMAGES and IMAGH_STATUS

intrinsiq procedwres,and theNdge ned constant STAT_FAILED IMAGE provide support for continued|execution
after onl

9.3 |Edits to clause 1

{In 1.3 Terms and definitions, insert new terms as follows}

1.3.8a

asynchronous progress

ability of an image to reference or define a coarray on another image without waiting for that image to execute
any particular statement or class of statement

1.3.68a
established coarray
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(in a team) coarray that is accessible using a coindexed designator (8.1.4a)

1.3.83a
active image
image that has not failed or initiated termination (2.3.6)

1.3.83b
failed image
image that has ceased participating in program execution but has not initiated termination (2.3.6)

1.3.83d

stopped image
image that has initiated normal termination ({) 3 ﬂ)

1.3.145a
team
set of ithages that can readily execute independently of other images (2.3.4)

1.3.145a.1

current team
(of an ijnage) team specified by the most recently executed CHANGE
TEAM Lonstruct, or initial team if no CHANGE TEAM construct Ss

CHANGE

1.3.145a.2
initial team
team, cpnsisting of all images, that began execytion of t

1.3.145a.3

parent|team
(of a tepm) current team during the executif \WNGE_TEAM statement that established| the team
(2.3.4)

1.3.145a.4
team number
integer palue identifying a t¢
1.3.154.1- @
event vyariable

scalar vpriable of type &

1.3.154.3
team viariable
scalar vhriable oktype

0.4 |Editsto€lause 2

{In 2.1 High\lével syntax, Add new construct and statements into the syntax list as follows: In R213 gqzecutable-
constru¢t\nsert alphabetically “change-team-construct”; in R214 action-stmt insert alphabetically “dqvent-post-
stmt”, “event-wait-stmt”, “fail-image-stmt”, “form-team-stmt”, and “sync-team-stmt”.

{In 2.3.4 Program execution, after the first paragraph, insert 5.1, paragraphs 1 and 2, of this Technical Spe-
cification with the following changes: In the first paragraph delete “in ISO/TEC 1539-1:2010” following “R624”
and insert “(8.5.2¢)” following “FORM TEAM statement”. In the second paragraph insert “(8.1.4a)” following
“CHANGE TEAM construct”. }

{After 2.3.5 Execution sequence, insert a new subclause “2.3.6 Image execution states” consisting of five para-
graphs, with the third, fourth, and fifth paragraphs consisting of the first three paragraphs of 6.1 Introduction
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and Note 6.1 of this Technical Specification after changing “(6.4)” in the second paragraph to “13.8.2.21b”, and
the first and second paragraphs as follows.}

A stopped image is an image that has initiated termination of execution.

An active image is an image that is not a failed image or a stopped image.

{In 2.4.7 Coarray, after the first paragraph, insert 5.1 paragraph 3 of this Technical Specification.}

{In 2.4.7 Coarray, edit the second paragraph as follows.}

For each coarray on an image in a team, there is a corresponding coarray with the same type, type parameters,
and bOl_ nds on nvov} other 1maga m

{In 2.4.f Coarray, edit the first sentence of the third paragraph as follows.}

The set|of corresponding coarrays on all images in a team is arranged in a rectagg

0.5 |Edits to clause 4

{In 4.5.p.1 Syntax, edit constraint C433 as follows}

C433 (R425) If EXTENDS appears and the type being defined
or LOCK_TYPE from the intrinsic module ISO_.FORTRAN_H

its parept type shall have an—altimate a component a @
EVENT.TYPE or LOCKTYPE&Q&%{\

{In 4.5.p.2 The finalization process, add to th of NOTE 448}

gonent of type EVENT_TYPE

st racEe
\ a el ofwgnpointer componen{ selection,

pejnter component selectign of type

in the chirrent team

0.6 |Edits to clause

{In 6.6 [mage selecte@pl 0

R624 |image-selector cosubscript-list B

team-identifier] [, STAT = stat-variable] rbracket

R624a |team-idegits, TEAM_NUMBER = scalar-int-expr
r TEAM = team-variable

C627a (JR624 ot be a coindexed object.

{In 6.6 [mage selem the last sentence of the second paragraph as follows.}

An image selector shall specify an image index value that is not greater than the number of images irf the team
specified by“a_team-identifier if it appears, or in the current team otherwise.

{In 6.6 Image selectors, after paragraph 2 insert the four paragraphs following C509 in 5.4 of this Technical
Specification with the following change: following “FORM TEAM statement” insert “(8.5.2¢c)” }

{In 6.7.1.2, Execution of an ALLOCATE statement, edit paragraphs 3 and 4 as follows}

If an allocation specifies a coarray, its dynamic type and the values of corresponding type parameters shall be
the same on every active image in the current team. The values of corresponding bounds and corresponding
cobounds shall be the same on every—image these images. If the coarray is a dummy argument, its ultimate
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argument (12.5.2.3) shall be the same coarray on everyimage these images.

When an ALLOCATE statement is executed for which an allocate-object is a coarray, there is an implicit syn-
chronization of all active images in the current team. On eaeh—image these images, execution of the segment
(8.5.2) following the statement is delayed until all other active images in the current team have executed the

same statement the same number of times since execution last began in this team.

{In 6.7.3.2, Deallocation of allocatable variables, edit paragraphs 11 and 12 as follows}

When a DEALLOCATE statement is executed for which an allocate-object is a coarray, there is an implicit
synchronization of all active images in the current team. On eaeh-image these images, execution of the segment
(8.5.2) following the statement is delayed until all other active images in the current team have executed the
same stfTtement the same number ol tilnes SiNce eXeCution last began il this team. 1T the coarray,is|a dummy
argument, its ultimate argument (12.5.2.3) shall be the same coarray on everyimage i

e dealloc-
ent or the

There i also an implicit synchronization of all active images in the current team j
ation of| a coarray or coarray subcomponent caused by the execution of a R
terminafion of a BLOCK construct.

{In 6.7.ft STAT=specifier, edit paragraph 2 as follows}

If the S ent on all
images | |if a failed
image i3 he named
constan

{In 6.7.

If the S[TAT= specifier appears in an ALLO LLOCATE statement with a coarray allo¢ate-object
and an prror condition occurs, the specified iahteN igned a'positive value. The value shall be that of the
named ¢onstant STAT_STOPP i e ISO_FORTRAN_ENYV if the reasof is that a
successflul execution would hav&involygd an 1 i i image that has initiated termination; ptherwise,
the value is a processor-depgnden 1t is different from the values of the named constants STAT _-
STOPPED_IMAGE or STAT: in\the mtrinsic module ISO_FORTRAN_ENV. In all of these

cases, eqich allocate-obje

{At the

If the S
stateme

ion of the

9.7

{In 8.1.

e CHANGE(TEAM construct;

{Followmg 8.1.2 BLOCUK construct sert b.3 CHANGE TEAM construct from this Technical Specilication as
8.1.4a, with rule, constraint, and Note numbers modified, the reference “(5.2)” in C506 changed to “(13.8.2.26)”,
and in the third paragraph following C508, delete “of ISO/IEC 1539-1:2010”. }

{In 8.1.5 CRITICAL construct: In para 1, line 1, after “one image” add “in the current team”. In para 1, at the
end of R811, add “[sync-stat-list]”. In para 2, line 1, at the end of the sentence, add “or the executing image
fails”. After para 2 add the paragraph following R811 in 6.3 CRITICAL construct of this Technical Specification.
In para 3, line 1, after “other image” add “in the current team”. After para 3, add a new para: “The effect of a
STAT= or an ERRMSG= specifier in a CRITICAL statement is explained in 8.5.7.”.}
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{Following 8.4 STOP and ERROR STOP statements, insert 6.2 FAIL IMAGE statement from this Technical
Specification as 8.4a, with rule and Note numbers modified. }

{In 8.5.1 Image control statements, paragraph 2, insert extra bullet points following the CRITICAL and END
CRITICAL line}

e CHANGE TEAM and END TEAM;
e EVENT POST and EVENT WAIT;
e FORM TEAM;
e SYNC TEAM:

{In 8.5.] Image control statements, edit paragraph 3 as follows}

All imape control statements except CRITICAL, END CRITICAL, EVENT _ [ [, FORM
TEAM,[LOCK, and UNLOCK include the effect of executing a SYNC MEM

{In 8.5.p Segments, after the first sentence of paragraph 3, insert the folipwin

A coartpy that is of type EVENT_TYPE (13.8.2.8a) may be refetence ed dwring the execpition of a
in which\th array of type| EVENT -

segment that is unordered relative to the execution of another
TYPE i defined. /€Tﬂ\

{In 8.5.p Segments, edit the first sentence of NOTE 8.34

The mofdel upon which the interpretation of axprogramnis based4s that the e is a permanent memory lgcation for
each coqrray and that all images on which it is established canacce

{Follow|ng 8.5.2 Segments insert 7.3 EVENT O ate thls Technical Specification as 8J5.2a, with
rule and constraint numbers m dl d, ?tﬁd\ch 7 2 in C704 to “(13.8.2.8a)”. }

{Follow|ng 8.5.2 Segments insert WA ent from this Technical Specification as 8.5.2b, with
rule and constraint n er mo 1ﬁ

{Follow|ng 8.5.2 Segrne t51 WM statement from this Technical Specification as 8J5.2c, with
rule and Note numbers

{In 8.5.8 SYNC

stagement\edit\paragraph 2 as follows}

Executi sdatem¥nt performs a synchronization of all active images in the curient team.
Executipn o of thy segment following the SYNC ALL statement is delayed until each ofher active
image i xecuted a SYNC ALL statement as many times as has image M since|execution

last be . segments that executed before the SYNC ALL statement on an image pfecede the
segmen r the SYNC ALL statement on another image.

{In 8.5 SYNC IMAGES, edit paragraphs 1 through 4 as follows}

If image-set is an array expression, the value of each element shall be positive and not greater than the number
of images in the current team, and there shall be no repeated values.

If image-set is a scalar expression, its value shall be positive and not greater than the number of images in the
current team.

An image-set that is an asterisk specifies all images in the current team.

Execution of a SYNC IMAGES statement performs a synchronization of the image with each of the other active
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images in the image-set. Executions of SYNC IMAGES statements on images M and T correspond if the number
of times image M has executed a SYNC IMAGES statement in the current team with T in its image set since
execution last began in this team is the same as the number of times image T has executed a SYNC IMAGES
statement in the current team with M in its image set since execution last began in this team. The segments
that executed before the SYNC IMAGES statement on either image precede the segments that execute after the
corresponding SYNC IMAGES statement on the other image.

{Following 8.5.5 SYNC MEMORY statement, insert 5.6 SYNC TEAM statement from this Technical Specification
as 8.5.5a, with the rule number modified. }

{In 8.5.6 LOCK and UNLOCK statements: in para 1, change “image and” to “image, that image has not failed,
and the lock variable”: in para 4, add new second sentence “If an image fails after locking and before unlocking
a lock variable, the variable becomes unlocked.” }

{In 8.5.f STAT= and ERRMSG= specifiers in image control statements replace y

If the STAT= specifier appears in a SYNC MEMORY statement and its e b specified

variabld is assigned the value zero. If the STAT= specifier appears in a C [, EVENT
POST, [EVENT WAIT, FORM TEAM, LOCK, SYNC ALL, SYNC KMAGES UNLOCK
statement and its execution is successful on the involved images, the gpeci Yote\ i Falue zero;
otherwise, if a failed image is detected and execution is otherwise sitsgessfu s signed the
value of| the named constant STAT _FAILED_IMAGE in the ingrinsi d / _ B.8.2).
If the SITAT= specifier appears in a CHANGE TEAM, END N ', FORM
TEAM,| LOCK, SYNC ALL, SYNC IMAGES, SYNC NIE AM, or UNLOCK stat¢ment and
an errof condition occurs, the specified varfabla\is assigned a i ajde. The value shall be the named
constanf STAT_STOPPED IMAGE in the intriasic tnockle TS RTRAN_ENYV if the reason is that afsuccessful
executign would have involved an interaction with § he value is
a procegsor-dependent positive value that is differe ¢ es of the named constants STAT_STIOPPED _-
IMAGH or STAT_FAILED_IMA i
The set|of images involved in e 10 RN FORM TEAM, or SYNC ALL statement| is that of
the curgent team. The set of 1 i htement is
that of the team specified by execution
of a SYNC IMAGE v hvolved in
executign of a LOCK ov cated and
b execution of an EVENT POST statement are the oneqd on which

the exe¢uting image.

the refefenced event he executing image.

After ejecution of an Tmage sement with a STAT= specifier that is not a SYNC MEMORY sgtatement,
all faileql images iny »bhe befnent shall be known by the executing image to have failed.

If the S[TAT="specifiar agpears/in a CHANGE TEAM, END TEAM, SYNC ALL, SYNC IMAGES,|or SYNC
TEAM ptatement.axxd an etvor condition occurs, the effect is the same as that of executing the SYNC MEMORY
statement, exceptfor defiming the STAT= variable.

{In 8.5[7. 9TAT= and ERRMSG= specifiers in image control statements replace paragraphs 4 and 5 by the

fll 3 1 41 A I | L 1 1 L o9 CODIMTIAT Ve s N la n) 1 - 1O ﬁ t'
ollowing-paragrapirs; tireaaa e IHar paragrapi o U0 Uit T 1Oz v constractortis—recnrear-opecilicatlion.

If the STAT= specifier does not appear in a CHANGE TEAM, END TEAM, EVENT POST, EVENT WAIT,
FORM TEAM, LOCK, SYNC ALL, SYNC IMAGES, SYNC MEMORY, SYNC TEAM, or UNLOCK statement
and its execution is not successful or an image involved in execution of the statement has failed, error termination
is initiated.

If an ERRMSG= specifier appears in a CHANGE TEAM, END TEAM, EVENT POST, EVENT WAIT, FORM

TEAM, LOCK, SYNC ALL, SYNC IMAGES, SYNC MEMORY, SYNC TEAM, or UNLOCK statement and
its execution is not successful, the processor shall assign an explanatory message to the specified variable. If the
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execution is successful, the processor shall not change the value of the variable.

0.8 Edits to clause 9

{In 9.5.1, Referring to a file, edit the first sentence of paragraph 4 as follows}

In a READ statement, an io-unit that is an asterisk identifies an external unit that is preconnected for sequential

formatted input on image 1 in the initial team only (9.6.4.3).

0.9 Edits to clause 13

{In 13.1 Classes of intrinsic procedures, edit paragraph 1 as follows}
Intrinsi¢ procedures are divided into seven eight classes: inquiry functions, elemental ns{ transfgrmational
functionfs, elemental subroutines, pure subroutines, atomic subroutines, colleg (broutines, and (impure)
subroutjnes.
{In 13.1 Classes of intrinsic procedures, replace paragraph 3 by paragra @TES §.1 and 8.2
of 8.2 Atomic subroutines of this Technical Specification, with these : e Yof ISO/IEC 1539-1:2010”
and renfimber the NOTES.} \
{In 13.1f Classes of intrinsic procedures, insert the contents of .3 ectl WS of this Technicall Specifica-
tion aft¢r paragraph 3 and Note 13.1, with these changes aragr p 2 3 ete “of ISO/IEC 1539-1:2010";
In paragraph 5 of 8.3, add “(13.8.2)” after theAirst A%
N
{In 13.3 Standard generic intrinsic procedures} h 2Xafter $he lide “A indicates ... atomic subroutine”
insert a|new line}
C indicates that the procedure %collective br
{In 13.§ Standard generic i \é ¢ 13 1, jmsert new entries into the table, alphabetifally}
ATOMIC_ADD ) A Atomic add operation.
ATOMIC_AND 1) A Atomic bitwise AND operation.
ATOMIC_CAS 1 OMPARE, A Atomic compare and swap.
ATOMIC_FETCH_ADD A Atomic fetch and add operation.
ATOMIC_FETCGH-AN] A Atomic fetch and bitwise AND operatjon.
ATOMIC_F ATOM, VALUE, OLD A Atomic fetch and bitwise OR operatiop.
[ STATY)
ATOMIC_FETCH (ATOM, VALUE, OLD A Atomic fetch and bitwise exclusive OH
[,STAT]) operation.
ATOMIC.OR (ATOM, VALUE [, STAT]) A Atomic bitwise OR operation.
ATOMIGXOR (ATOM_ _VALUE [ Q'T‘A'T‘]\ A Atomic bitwise exclnsive OR operation.
CO_BROADCAST (A, SOURCE_IMAGE C  Copy a value to all images of the current team.
[, STAT, ERRMSG])
CO_MAX (A [, RESULT IMAGE, C Compute maximum of elements across images.
STAT, ERRMSG])
CO_MIN (A [, RESULT_IMAGE, C Compute minimum of elements across images.
STAT, ERRMSG])
CO_REDUCE (A, OPERATOR C  General reduction of elements across images.

[, RESULT_IMAGE,
STAT, ERRMSG])
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CO_SUM (A [, RESULT_IMAGE, C  Sum elements across images.
STAT, ERRMSG])
EVENT_QUERY (EVENT, COUNT A Count of an event variable.
[, STAT])

FAILED_IMAGES ([TEAM, KIND]) T Indices of failed images.

GET.TEAM ([LEVEL]) T Team value.

IMAGE_STATUS (IMAGE [, TEAM]) E Status of images.

STOPPED_IMAGES ([TEAM, KIND]) T Indices of stopped images.

TEAM_NUMBER ([TEAM)) T Team number.
{In 13.5 Standard generic intrinsic procedures, Table 13.1, edit the entries for ATOMIC DEFINE, ATOMIC_REF,
IMAGH.INDEX, MOVE_ALLOC, NUM_IMAGES, and THIS_IMAGE, as modified by ISO/IEC 1539-1¢2010/Cor
1:2012, ps follows}

ATOMIC_DEFINE (ATOM, VALUE [, STAT]) A

ATOMIC_REF (VALUE, ATOM [, STAT]) A

IMAGE_INDEX (COARRAY, SUB) or I

COARRAY, SUB, TEAM) or
COARRAY, SUB, TEAM_NUMBER

MOVH_ALLOC Move an allocation.

NUMIMAGES ()or umber of images.

THIS_[MAGE Index of the invoking image.

THIS [MAGE T  Cosubscript(s) for this image.
{In 13.9, Standard gerﬂ%\mﬂagraph 3, insert “in the initial team” after “image [1”}
{In 13.7 Spemﬁcat thi stapda mtrmsm procedures, insert subclauses 8.4.1 through 8.4.20 of thi§ Technical
Specificption in der alphabatica ith subclause numbers adjusted accordingly.}
{In 13.7 E, 8dit the subclause title as follows}

13.7.20 ATOMIC -DEKINENATOM, VALUE [[STAT
{In 13.7.20 ADOMIC_DEFINE, add the argument description as follows}
STAT (pptidnal) shall be a noncoindexed integer scalar with a decimal range of at least four. It|is an IN-

TENT(OUT) argument.

{In 13.7.21 ATOMIC_REF, edit the subclause title as follows}

13.7.21 ATOMIC_REF (VALUE, ATOM [,STAT])

{In 13.7.21 ATOMIC_REF, add the argument description and a paragraph as follows}
STAT (optional) shall be a noncoindexed integer scalar with a decimal range of at least four. It is an IN-
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If an error condition occurs, the VALUE argument becomes undefined.

{In 13.7.79 IMAGE_INDEX, edit the subclause title as follows}

13.7.79 IMAGE_INDEX (COARRAY, SUB) or IMAGE_INDEX (COARRAY, SUB, TEAM) or IMAGE INDEX
COARRAY, SUB, TEAM_NUMBER

{In 13.7.79 IMAGE_INDEX, edit the COARRAY argument description as follows}

COARRAY shall be a coarray of any type. If the function is invoked with a TEAM_NUMBER argument, it
shall be established in an ancestor of the specified team. Otherwise, it shall be established in the

specified team.

{In 13.1.79 IMAGE_INDEX, add the arguments descriptions as follows}

TEAM shall be a scalar of type TEAM_TYPE defined in the intrinsic modul _FOQRFRAN|ENV. Its
value shall represent the current or an ancestor team.

TEAMNUMBER shall be a positive integer scalar. If the current team is tlfe initia salits valuie s ignored.
Otherwise, its value shall be that of a team number for a t exeqution of a
FORM TEAM statement for the current team.

If TEAM appears, it specifies the team. Otherwise, the team speci

{In 13.1.79 IMAGE_INDEX, replace paragraph 5 with}

Result|Value. If the value of SUB is a vahd que f chs iR RRAY in the specified|team, the
result iy the index of the corresponding i 1ma atteam. Oth Wl esult is zero.

{In 13.1.118 MOVE_ALLOC, edit the subclauge-ti

13.7.11§ MOVE_ALLOC (FROWO STAT, ER

L)
scriptigns as follows}

STAT (pptional) shall e a honcoindexed intsger scalar. It is an INTENT(OUT) argument.

{In 13.1.118 MOVE_ALLO

ERRMJG optlonal ult character scalar. It is an INTENT(INOUT) argument.

{In 13.1.118 MOVE replace arag phs 4 through 6 and the paragraph that was added by ISO/IEC
1539-1:2010/Cor 2:201 by a rough 8 of 8.5.3 of this Technical Specification, deleting “of ISO/IEC
1539-1:2010” in aragr

{In 13.1. , ed the subclause title as follows}

13.7.124 NUM,IM S ( yor NUM_IMAGES ( TEAM ) or NUM_.IMAGES ( TEAM_NUMBER

{In 13.1.126(NNUM_IMAGES, replace paragraph 3 with}

Argumtents:

TEAM shall be a scalar of type TEAM_TYPE defined in the intrinsic module ISO_ FORTRAN_ENV. Its
value shall represent the current or an ancestor team.

TEAM_NUMBER shall be a positive integer scalar. If the current team is the initial team, its value is ignored.
Otherwise, its value shall be that of a team number for a team that was formed by execution of a
FORM TEAM statement for the current team.

If TEAM appears, it specifies the team. Otherwise, the team specified is the current team.
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{In 13.7.126 NUM_IMAGES, replace paragraph 5 with}

Result Value. The number of images in the team specified.

{In 13.7.165, as modified by ISO/IEC 1539-1:2010/Cor 1:2012, THIS_IMAGE ( ) or THISIMAGE (COARRAY)
or THIS.IMAGE (COARRAY, DIM) edit the subclause title as follows }

13.7.165 THIS_IMAGE ([TEAM]) or THIS IMAGE (COARRAY [, TEAM]) or THIS IMAGE (COARRAY, DIM
[ TEAM])

{In 13.7.165, as modified by ISO/IEC 1539-1:2010/Cor 1:2012, THIS_IMAGE ( ) or THIS.IMAGE (COARRAY)
or THIS IMAGE (COARRAY, DIM) insert a new argument at the end of paragraph 3 }

TEAM [optional) shall be a scalar of type TEAM_TYPE defined in the intrinsic module ISO_.FORTRAN -
ENV. Its value shall represent the current or an ancestor team. If CO Y appears; fit shall be
established in the team specified by the value of TEAM.

BN

ARRAY)

{In 13.7.165, as modified by ISO/IEC 1539-1:2010/Cor 1:2012, THIS_IMAG
or THI§ IMAGE (COARRAY, DIM) at the end of paragraph 5 add }

Case (iy):  The result of THIS.IMAGE (TEAM) is a scalar with a va 3 i b invoking
image in the team specified by the value of TEAM.

Case (v):  The result of THIS IMAGE (COARRAY, TEA equénce of cos for
COARRAY that would specify the invoking im#ge i [ TEAM.

Case (vf):  The result of THISIMAGE (COARRAY, AN dsNhe value of cosubscript DM in the

sequence of cosubscript values foNCOA that fwofild) specify the invoking image in the team
specified by the value of TEA

{In 13.1.172 UCOBOUND, edit the Result Vy

The fingl upper cobound is the cripk i subssript list for the coarray that selects the image with

index NIGMIMAGES{ equal 1 :
~~—_"

{In 13.§.2 The ISO_.FORTRA intringicxpodile, insert a new subclause}

13.8.2.7p CURRENTY

The valpie of the defaylf\integerisca

of the fiinction GET_

AN
{In 13.4.2 The I M }}\Q/'>ntrinsic module, insert a new subclause 13.8.2.8a consisting of|subclause
7.2 EVENT, f Nais, Pechyical Specification, but omitting the final sentence of the first paragragh and the
of SE80

fourth genten papagraph. }

CURRENT_TEAM identifies the current team in an Jnvocation

{In 13.4.2 The ISO%R;F}AN,ENV intrinsic module, insert a new subclause}

13.8.2.9p INITIAL_TEAM

The valte of The default integer scalar constant LNITIAL_I EAM identiiies the initial team in an invocation of
the function GET_TEAM.

{In 13.8.2 The ISO_.FORTRAN_ENV intrinsic module, insert a new subclause}
13.8.2.19a PARENT_TEAM

The value of the default integer scalar constant PARENT_TEAM identifies the parent team in an invocation of
the function GET_TEAM.
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{In 13.8.2 The ISO_.FORTRAN_ENV intrinsic module, insert a new subclause 13.8.2.21b consisting of subclause
6.4 STAT FAILED _IMAGE of this Technical Specification, but omitting the second paragraph.}

{In 13.8.2.24 STAT_STOPPED_IMAGE, edit the paragraph as follows.}

The value of the default integer scalar constant STAT_STOPPED_IMAGE is assigned to the variable specified
in a STAT= specifier (6.7.4, 8.5.7) or a STAT argument in a call to a collective subroutine if execution of the
statement with that specifier or argument requires synchronization with an image that has initiated termination

of execution. This value shall be positive and-differentfromthe-value-of FOSTA NOUIRE-AINTERNAL-UN

{In 13.8.2.24 STAT_STOPPED_IMAGE, insert a new Note after paragraph 1}

In additforrtodetecting that o mage as nitiated orat termination by aving the variabte ima STATj=specifier
or a STAT argument of a call to a collective subroutine assigned the value STAT_ST ED_IMAGE| an image
can get|the indices of the images that have initiated normal termination in a spetified m. by injoking the
intrinsid function STOPPED_IMAGES. aN

{In 13.4.2 The ISO_ FORTRAN_ENYV intrinsic module, append a new subclause 13,82.26 %@ off subclause
5.2 TEAM_TYPE of this Technical Specification, but omitting the final eéﬁb% of\thaxfirst \pardgraph. }
AN
u

{In 13.4.2 The ISO_.FORTRAN_ENV intrinsic module, append a n
AT _FAILED IMAGH, STAT -

3 STAT_UNLOCKED shall be dis-

13.8.2.2pa Uniqueness of values of named constants

The values of the named constants IOSTAT_INQUIR
LOCKHD, STAT_LOCKED_OTHER_IMAG
tinct.

9.10 | Edits to clause 16

{In 16.4 Statement and const¥uct j after “DO CONCURRENT” replace “qr” with a
comma;| after “ASSOCIATExcon oras a coprray specified by a codimension-decl in a CHANGE
TEAM fonstruct,” }

{In 16.4 Statement a@ns uct e

The asspciate names o HANG ared type,
dynami¢ type, type parameters, 1

{In 16.4.1.6 Cons ructaN:'

Executi he corres-
ponding

{In 16.4.5 Events thaM variables to become defined, add the following list item}

(33) Fajluré of the image that locked a lock variable before it has unlocked the variable causes the yariable to
become Tmmtocked:

{In 16.6.6 Events that cause variables to become undefined, add the following list item}

(27) When an image fails during the execution of a segment, a data object on a non-failed image becomes
undefined if it might be defined or undefined by execution of a statement of the segment other than an invocation
of an atomic subroutine.

{In 16.6.7, Variable definition context, after item (13) insert a new list item}
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