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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commis-
sion) form the specialized system for worldwide standardization. National bodies that are members of ISO or
IEC participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and nongovernmental,
in liaison with ISO and TEC, also take part in the work. In the field of information technology, ISO and IEC have

established a joint technical committee, ISO/TEC JTC 1.

Intfriational Standards are dratted il accordaice withl the rutes grven 1n the ISU/IEU Directives, Fart 2.

The main task of the joint technical committee is to prepare International Standards. Draft International St
ards adopted by the joint technical committee are circulated to national bodies forvoting. Publication

Intprnational Standard requires approval by at least 75 % of the national bodies ¢

and-
hs an

In pther circumstances, particularly when there is an urgent market requirem joint
technical committee may decide to publish an ISO/IEC Technical Spemﬁcatlo ~ which repré¢sents
an |agreement between the members of the joint technical committee a it is
apgroved by 2/3 of the members of the committee casting a vote.

An|ISO/IEC TS is reviewed after three years in order to decide three
yeafrs, revised to become an International Standard, or withdra ewed
agdin after a further three years, at which time it must eithe drd or
be withdrawn.

Atflention is drawn to the possibility that sdme oK tlfe atent
rights. ISO and IEC shall not be held responsible fornide

ISQ/IEC TS 18508:2015 was prepared by Joint plogy,
Sulbcommittee SC22, Programms,
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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 thie Tesilience of Prograins exXecuting On [arge SyStems. 1€ Syncnromization primitives
available in the existing system do not provide a convenient mechanism for ordering execution segmiernts on
different images without requiring that those images arrive at a synchronization point before either s.allowed to
prdceed. This introduces unnecessary inefficiency into programs. Finally, the existipg System dogs,'hot piovide
inttinsic procedures for commonly used collective and atomic memory operations, ocedures for|these
opdrations can be highly optimized for the target computational system, providi ignificantly~iproved prggram

perfformance.

This Technical Specification extends the facilites of Fortran for parallel pfogra i 2 y ing the
images of a program into nonoverlapping teams that can more effectiyely & i 3 arger
prdblem, for the processor to indicate which images have failed durig exeésutiom\aid alloy continued executjon of
thel program on the remaining images, for a system of events tha Pl i ution
segmments, and for collective and atomic memory operation sy i i ce for

specific operations involving more than one image.

The facility specified in this Technical Spegificati 3 1 ized by
ISQ/IEC 1539-1:2010, ISO/IEC 1539-1:2010/Cor ‘
It ip the intention of ISO/TEC JTC 1/SC22 thj i i i ifidation
be [included in the next revision of ISO/IE 1530 i ) i i i ation
and use of this feature identifj€s s—that x roper
int¢gration, in which case every ) isting
implementations.
This Technical Speci@
Scope Clause 1
Normative 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 g4lso contains 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 datalcegnsist-
endy model is left until the integration of these facilities into ISO/IEC 1539-1.

@C@
S
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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 /TT?F 1530.1:-2010  Information technologu— Programminag lanaguages— Faortran  Part 1-Doco lomangae
/ J JJ J J J J J J

ISO/IEC 1539-1:2010/Cor 1:2012, Information technology—Programming languages—Fortran—Part A.Bask lan-
gudge TECHNICAL CORRIGENDUM 1

ISQ/IEC 1539-1:2010/Cor 2:2013, Information technology—Programming language w—~Part 1:Basp lan-
gudge TECHNICAL CORRIGENDUM 2

W
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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

.\lﬂ ;mnn'n
ac a

imgge that has not failed or initiated termination

3.2
asyinchronous progress

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

3.3
estpblished coarray
(infa team) coarray that is accessible using a coindexed designator

3.
team
set|of images that can readily execute independently of ot

3.41

current team
(of|an image) team specified by the most recepthy
THEAM construct, or initial team if no CHANGE

3.4.2
initial team
teajn, consisting of all image

3.43 Q
parent team

(offa team) current tea

3.44
team number
int¢ger value jdentifying ageain with

its parent team (5.1)

3.5
failed image
imgge that has_Cefised parjicipating in program execution but has not initiated termination (6.1)

3.6
stopped \image
imgge that has initiated normal termination

iimage to ex

amof'the CHANGE TEAM statement that established the team|

ecute

NGE

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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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

thi
pra

4.

Th
IS(

cedures, unless that procedure is specified to have the EXTERNAL attribute.

P Fortran 2008 compatibility

s Technical Specification specifies an upwardly compatible extension to IS
JIEC 1539-1:2010/Cor 1:2012 and ISO/IEC 1539-1:2010/Cor 2:2013.

W

under

Technical Specification if it invokes an external procedure having the same name as one of the new dnffrinsic

ed by

© ISO/IEC 2015 — All rights reserved
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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
1mse
kn

int

image-selector (R624 in ISO/IEC 1539-1:2010) are extended to determine how cosubscripts are mapp

ed to

lge indices for sibling or ancestor team references. Initially, the current team consists of all images and.{
wn as the initial team. Except for the initial team, every team has a unique parent team. A team.i$.di
new teams by executing a FORM TEAM statement. Each new team is identified hy an integerf value Kk

as Its team number. Information about the team to which the current image belongs can“ke defermined H
prdcessor from the collective value of the team variables on the images of the tear.

Du}ing execution, each image has a current team, which is only changed by & TEAN
END TEAM statements. Executing a CHANGE TEAM statement changeg team spd
by the team-variable, and execution of the corresponding END TEAM st he urrent team)
to fhat immediately prior to execution of the CHANGE TEAM stafé

A yonallocatable coarray that is neither a dummy argument, SROCH 1tk aduimmy argument, de
as h local variable of a subprogram, nor declared in a BLOZK is<e ished in the initial teanj.
allgcated allocatable coarray is established in the team i i An unallocated allocg
coarray is not established. A coarray that is amassociafing entt array»association of a CHANGE T
stafement is established in the team of its A nonallocatable coarray tha
duinmy argument or host associated with a dux g blislred in the team in which the prod]
wag invoked. A nonallocatable coarray that ig i ble of a subprogram or host associated with aj

var
coa
A

is 9

5.

TE
corj
in {

A o
rep

.3 CHANGE 5

v in which the BLOCK statement was exe
team even if the corresponding actual argy

AM construct

his is
vided
nown
y the

[ and
cified
back

lared

An
table
EAM
is a
edure
local
table
uted.
ment

.|Each

bfined

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
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R504  end-change-team-stmt is END TEAM [ ( sync-stat-list ) ] | team-construct-name ]
R505  team-variable is  scalar-variable
C501  (R501) A branch within a CHANGE TEAM construct shall not have a branch target that is outside the

construct.

C502 (R501) A RETURN statement shall not appear within a CHANGE TEAM construct.

C503  (R501) An exit-stmt or cycle-stmt within a CHANGE TEAM construct shall not belong to an

construct.

outer

C5

C5

C5
Ch
Ch

4 (R501) If the change-team-stmt of a change-team-construct specifies a team-construct-name, the e
ponding end-change-team-stmt shall specify the same team-construct-name. If the change-tedus st
change-team-construct does not specify a team-construct-name, the corresponding end-change-tea
shall not specify a team-construct-name.

7 (R502) No coselector-name shall appear more than once in a~chamngg

8  (R503) A coselector-name shall be the name of an ag¢cessik

brres-
tof a
-stmt

5 (R503) The coarray-name in the codimension-decl shall not be the s Qr-name in the
change-team-stmt or the same as a coarray-name in another codimen stmt.
6 (Rb05) A team-variable shall be of type TEAM_TYPE (5.2)

bd by
ables
ed by
uring
uting

ment
array
JIEC
type,
those

unds

ot be
of a
truct

Irrent
there
tified

The values of the team-variables on the active images d

exgeution of the same FORM TEAM statemg

for|the initial team. The current team for the'state

thel value of the team-variable

exdcution of the CHANGE TEAM construct{ A C

its END TEAM statement

A goselector name identifies a cdarray

begdins execution. A codime) socighion associates a coarray with an established cd
dulling the execution an associating entity (8.1.3.2, 8.1.3.3, 16.5.1.6 of IS
1539-1:2010). TIts .<@~ \ Mas the scope of the construct. It has the declared
dynamic type, type paraimete and bounds of the established coarray. Its corank and cobounds are
specified in the codime

Within a CHANGE_T carray that is not an associating entity has the corank and cob
that it had whenSit wa

An]allocatakle cd at was, allocated when execution of a CHANGE TEAM construct began shall n
degllocated du An allocatable coarray that is allocated when executior]
CHANGE TEAM completes is deallocated if it was not allocated when execution of the con
bedan.

The CHANGE TEAM and END TEAM statements are image control statements. All active images of the ci
tean shallPexecute the same CHANGE TEAM statement. When a CHANGE TEAM statement is executed,
is gndmplicit synchronization of all active images of the team containing the executing image that is ider
by L’CU/IIL'UU/I éUbZC. Gll U(lb}.l drb‘bi.VU iluagc Uf ‘l/llti LUG1117 ﬁAUbUiJiUll Uf 1}}.16 DUslllUll‘b fU}}UWillg L}lU DL@LUIIIUILL ib L:Ilb].ayed

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

© ISO/IEC 2015 — All rights reserved


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

ISO/IEC TS 18508:2015(E)

statement.

NOTE 5.1

with the SAVE attribute.

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

5.4 Image selectors

Th

R6

R6

Ch

If ]
cuy
cos

If 1]
nt
the
tea
NU

is i

Ex
def]
the
oth

Th
sany
the
any

b syntax rule R624 1mage-selector in subclause 6.6 of 150 /1EC 1539-1:2010 1s replaced by:
P4 image-selector is Ibracket cosubscript-list W
W |, team-identifier] [, STAT = stat-variabl cket
Pda  team-identifier is TEAM_NUMBER = scalar-int-expr
or TEAM = team-variable
9 (R624) stat-variable shall not be a coindexed object.

stat-variable is defined

same statement.
part of the st

NOTE 5:2_

erwise, it is deﬁne{§
b denotation of a stef-parabla in an wmuge-selector shall not depend on the evaluation of any entity in the

s the
d the

calar-
on of
irrent
AM _-
-expr

come
nage,
ENV;

rs in
on of

ANS
The image selesder 1Wentiﬁes the current team. The image selector in b[i,team_number=1] iden|
a sibling tea e imagy selector in b[i,TEAM=ancestor] identifies the team ancestor.

tifies

\/
NOTE5:3

The-expression x[1,stat=is(f(n))], where is is an array and f(n) is a function that returns an in{
value is an example of the denotation of a stat-variable in an image-selector that depends on the evalu

eger
tion

ofan entity in the same statement.

NOTE 5.4

control statement.

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

© ISO/IEC 2015 — All rights reserved
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NOTE 5.5

team are needed.

USE, INTRINSIC :: ISO_FORTRAN_ENV, ONLY: TEAM_TYPE
TYPE(TEAM_TYPE) :: INITIAL, BLOCK
REAL :: A(O:N+1) [*]

INTRALTR

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

ML inYal
TINVILOLIV . . o, T 2

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 <\

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

5.0  FORM TEAM statemen

R506  form-team-stmt

R507  team-number,

R508  form-team-spec

C5]0  (R506

The FORM PEAM one or more teams from the active images of the current team. The|value
of deam-numbe ! Ssiti nd identifies the new team to which the executing image will belong. The[team
nuipber of each e within the current team is the team-number value of the FORM TEAM stateents

exgcuted by its ilhages,
paitfticipating image a valite that specifies the new team that the image will belong to.

The value of the scalar-int-expr in a NEW_INDEX= specifier specifies the image index that the executing
will hafe in the team specified by team-number. It shall be positive and less than or equal to the number of i

cessful execution of a FORM TEAM statement assigns the team-variable on

each

mage
ages

in {he’feam. 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

err

.b SYNC TEAM statemen

or 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 )

team into two teams according to whether the image index is even or odd.

with ME an integer with value THIS IMAGE() and ODD_EVEN of type TEAM_TYPE, divides the current

equal 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)) /\

NOTE 5.7
When executing on P? images with corresponding coarrays on each image representing part§)of a larger
array spread over a P by P square, the following code establishes teams for t s witlimage indlices

R509  sync-team-stmt
The SYNC TEAM statement is an image cqntr ctive
images of the team shall be thogé by anie FORM TEAM statement on all active inages

of fhe team or shall be the values
performs a synchronization pRthe Sxecutiy

as

SYNC TEAM stateme

aln

team-variable. Executign or an'
each active other image Of thp s

ast began in this team. The segments that executed befoi
e segments that execute after the SYNC TEAM statemg
ther image.

NOTE 5. 8

ment
ed by
until
team
e the
nt on

A SYN %n p&{)rms a synchronization of images of a particular team whereas a S]
ALL stateme a §ynchronization of all images of the current team.

YNC

© ISO/IEC 2015 — All rights reserved
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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 ima

ge to

fail

Del
wit
obj
WH
if i
ato

If 4
bed

The

6.

R6

are processor dependent.

ining a coindexed object on a failed image has no effect other than defining the stat-variable, ifrone apj
h the value STAT_FAILED_IMAGE (6.4). The value of an expression that include$ a referenceto a coin
ect on a failed image is processor dependent. Execution continues after such a feference.

en an image fails during the execution of a segment, a data object on a 1
might be defined or undefined by execution of a statement of the seg
mic subroutine.

he lock-variable in a LOCK statement was locked by a failed indage and wis\n6t unlocked by that ima
omes unlocked.

ears,
lexed

bfined
of an

ge, it

in 6.3.

than image 1 in the initial team failing is significant and|
AGE is designed.

of images, the like
for this c1rcumstar}r\ tha

NOTE 6.1

A failed image is usually associated withha haxdware f 'lurem, memory system, or interconne¢tion
network. A failure that occurs while a coindexe ifion, or collective action, is in progress
might leave variables on other images that would beN]e that action in an undefined state. Similarly,
failure while using a file might leave that\file Ql\axkun tate.

NOTE 6.2

Continued 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 nuinber

it is

NOTWA\\\ N

at\a,u/mage has failed by havmg the variable in a STAT= spec1ﬁer or a S

TAT

FES.

P FAIL'IMAGE statement

1 Afail-image-stmt is FAIL IMAGE

Execution of a FAIL IMAGE statement causes the executing 1mage to behave as 1I 1t has failed. Nerther normal
nor error termination is initiated, but no further statements are executed by that image.

NOTE 6.4

failure.

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

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

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

E‘Y\TT\ OYT'D'DnTT’T‘T'I\T'L'.‘ E‘ATT
YU

On a processor that does not have the ability to detect that an image has failed, execution of a FAIL

will cause that image to have an independent 1/1000 chance of failure every second if the randdu) nuinber

generators on different images are independent. /\
6.3 CRITICAL construct
Th¢ syntax rule R811 in subclause 8.1.5 of ISO/TEC 1539-1:2010 is replaced bys
R8I1  critical-stmt is [ critical-construct-name : [ synestat-list)]
If 4n image fails during the execution of a CRITICAL constfuct, the exeeution ok the construct is regardpd by
othler images as complete
If {he processor has the ability to detect thédt an impé image completes execution] of a
CRITICAL statement that has a STAT= specifier ge to have entered the construct ffailed
whlle executing it, the specified variable becomesg™efinad W e-STAT_FAILED_IMAGE from the intjrinsic
mofule ISO FORTRAN _ENV. Otherw1se w image.t Ietes execution of a CRITICAL statement that
has bletes
€xq tatus
var| shall
ass f the
speci
6.
If ¢ , t at an image has failed, the value of the default integer scalar corlstant
STAT _FAILED_K DRI t1 herwise, the value of STAT_FAILED IMAGE is negative. If the pro¢essor
haq 7 vfage involved in execution of an image control statement, a refererjce to
a d collectiye or atomic subroutine has failed and does so, and no error condition |other
than a falled image.1 d; the value of STAT_FAILED_IMAGE is assigned to the variable specified in a
STAT=specifier in airexecugion of an image control statement or a reference to a coindexed object, or the $TAT
argument in aiijinvocation of a collective or atomic procedure. If more than one nonzero status value is valid for
thel execution, of a statement, the status variable is defined with a value other than STAT _FAILED IMAGE. If
thel STAT= specifier of an execution of a CHANGE TEAM, END TEAM, FORM TEAM, SYNC ALL, §YNC
IMAGES; or SYNC TEAM statement is assigned the value STAT _FAILED_IMAGE, the intended 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.

16

© ISO/IEC 2015 — All rights reserved


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

7

ISO/IEC TS 18508:2015(E)

Events

7.1 Introduction

An image can post an event to notify another image that it can proceed to work on tasks that use common

res

urces. An image can wait on events posted by other images and can query if images have posted event

S.

Seg
2.3

1.

EV
Ea
1S(

A d
coy
of d
coy
exd
EV
IN]

evg

C7

C7

C7

ments ordered by EVENT POST and EVENT WAIT are included in the partial order specified in kub
5 of ISO/IEC 1539-1:2010.

P EVENT_TYPE

[ENT_TYPE is a derived type with private components. It is an extengible type param
h nonallocatable component is fully default-initialized. EVENT_T3 i

_FORTRAN_ENV.

calar variable of type EVENT_TYPE is an event variable. , Y tydriable includes its
nt, which is updated by execution of a sequence of EVEN/ Q E AIT statements. The
ach change is as if the atomic subroutine ATOMIC_ADD\ wer¢ ithaavariable that stores the
nt as its ATOM argument. A coarray that j [ be referenced or defined durir]
cution of a segment that is unordered relative te the'ex gment in which that coarray o
ENT_TYPE is defined. The event count is ind ATOMIC_INT_KIND, where ATO]

1 A named variable of 5 coarray. A named variable with a noncg

subcomponent of type

2 An event variable ¢ appeax_iM& vaxiable definition context except as the event-variable
EVENT PO{} , tementas an allocate-object in an ALLOCATE statement wi
a SOURCE= iect in a DEALLOCATE statement, or as an actual argum
a reference to a i » o explicit interface if the corresponding dummy argument has IN]
(INOUT).

3 A variable with & noupo ubobject of type EVENT_TYPE shall not appear in a variable defi
conte object in an ALLOCATE statement without a SOURCE= alloc-opt,
allokgte-ohgact Yasa DEALLOCATE statement, or as an actual argument in a reference to a prod
with a agt if the corresponding dummy argument has INTENT (INOUT).

NOTE 7.1

lause

eters.
odule

event
effect
event
g the

type
VIC -
f the

array

in an
thout
ent in
ENT

hition
as an
edure

The restrictions against changing an event variable except via EVENT POST and EVENT WAIT s
mentSiensure the integrity of its value and facilitate efficient implementation, particularly when sp
sylichronization is needed for correct event handling.

Late-
lecial

NOTE 7.2

and EVENT WAIT statements.

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

© 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 gn"error condition occurs during execution of an EVENT POST staftement, the value of the count of theJevent
varjable is processor dependent.

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

orrespondinig EVENT

7.4 EVENT WAIT statement
The EVENT WAIT statement provides a way to wait until events arg . 1Py i control stateinent.

RT3  event-wait-stmt is EVENT WAIT ( event-uariwhle

R7P4  wait-spec is  until-spec
sync-stat

R7P5  until-spec

C705
C706  (R703) An until-spec shallNot 7
Ex¢cution of an EVENT WA

(1)  the thresh6ld va
erpr has

the executing

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

shold

shold

If g iable

is |
0 btate-
meht with athreshold of k satisfies the first & unsatisfied EVENT POST statement executions for that |event

varjable. Thi¥’ EVENT WAIT statement execution causes the segment following the EVENT WAIT statgment
exgeutionto 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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Intrinsic procedures

8.1 General

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

AT

OMIC_FETCH_ADD. ATOMIC_.FETCH_AND. ATOMIC_FETCH._OR. ATOMIC_FETCH_XOR.

AT
EV]
TH
Pro
act

Th
and
1:2

An
of
diff
in
to
ord
in
un
are

At
suH
an
the
is 1

Foi
oL
an

If ghe STAT argumen

arg]

If 4

CeIT!

.2 Atomic subroutines

OMIC_OR, ATOMIC_XOR, CO_LBROADCAST, CO.MAX, CO_-MIN, CO_REDUCE, CO_SUM,
ENT_QUERY, FAILED_IMAGES, GET_TEAM, IMAGE_STATUS, STOPPED_IMAGES, and
AM_NUMBER are provided in 8.4. The types and type parameters of the arguments to these int

b intrinsic procedures ATOMIC_DEFINE, ATOMIC_REF, IMAGE_INDEX
THIS_IMAGE described in clause 13 of ISO/IEC 1539-1:2010, as paodifis S <C $539-1:201
12, are extended as described in 8.5.

atomic subroutine is an intrinsic subroutine that perforins gn/action™qn itsSMMTOM argument or the

mic operations sh k
routine on image
no other image define

images A, B, or C e
eceived by image

ptomic subzoutiney eveluatio of an INTENT(IN) argument is not part of the atomic action.

is pyesent in an invocation of an atomic subroutine and no error condition occur
ument is asSigned thevalue zero.

he STAT*argument is present in an invocation of an atomic subroutine other than ATOMIC_REF aj
r céndition occurs, any ATOM or OLD argument becomes undefined. The STAT argument is assigng

val

rinsic
n the

GES,
/Cor

count
ts by
other
ccess
ithin
tions
ich is

they

tomic
ment,
ne of
value

ed to
on of

B, the

hd an
d the

16-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
STAT _FAILED IMAGE.

from

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

pre

sent, error termination is initiated.

© ISO/IEC 2015 — All rights reserved
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NOTE 8.1

different images even in the same program run.

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

8.3 Collective subroutines

A callective subroutine is one that is invoked on each active image of the current team to perform a calen

ation

on
be
ord
of
col

Ift
imse
Co.
inv,
tea

If 4
arg]

If' ¢
gu
wit]
M
arg
M
cur
AG

If 4
pre

If 4
duy
ocq

those images and that assigns the computed value on one or all of them. If it is invoked by one imagei-t
invoked by the same statement on all active images of the current team in execution segments thatail
ered with respect to each other. From the beginning to the end of execution as the current team,' the seq
nvocations of collective subroutines shall be the same on all active images of the current team. A cal

he A argument to a collective subroutine is a whole coarray the corresponding ultimate argients on all
lges of the current team shall be corresponding coarrays as described j g

In.

nent is assigned a nonzero value and the A arg S €d. If execution involves synchroniz
ent is assigned the value of STAT _STOPH

AGE or STAT_FAILED

) ;
condition occurs £, ARQ 2 o value to a STAT argument but the STAT argument
Sent, error terminatie i s

rent team has been deteg g ‘ tdsdssigned the value of the constant STAT_FAILEI

shall
e not
lience
to a

hctive

n the
rrent

I, the

he ar-
ation
ED_-
b, the
ED_-
f the
_IM-

s not

ccurs
lition

The argument\%\%aé(:?es undefined if an error condition occurs during execution of a collective subroy
because it{isiinten that implementations be able to use A as scratch space.

itine

NOTE 8.3

All of the collective subroutines have an argument A with INTENT(INOUT) that holds the original

data

20

making a copy before entry. Here is an example:

REDUCTION = ORIGINAL
CALL CO_MIN(REDUCTION)

on entry and the result on return. If 1t 1S desired to retain the original data, this 1s readily obtained by

© ISO/IEC 2015 — All rights reserved
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NOTE 8.4

There is no separate synchronization at the beginning and end of an invocation of a collective subroutine,
which allows overlap with other actions. 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

8.
8.4

De

Class. Atomic subroutine.

Ar
AT

VA
ST

CA
of ]

VA

collective, Tor example by avoiding copying of data.

1 New intrinsic procedures

.1 ATOMIC_ADD (ATOM, VALUE [, STAT])

scription. Atomic add operation.

uments.

AT (optional) shall be a noncoindexed intéger

[3] was 4 when t

LL ATOMIC_ADD(I[3], S vallue Qn image 3 to become defined with the value 46 if the|value

ST

Example.

shall be a scalar coarray or coindexed object of fype- ith where
ATOMIC_INT_KIND is a named constant in insi is an

INTENT (INOUT) argument. LUE,
ATOMIC_INT_KIND).
Sfalar with

is an

a scalyr 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 IAND ( ATOM, INT(VALUE,
ATOMIC_INT_KIND) ).

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

Ta s1 e HITeg e —SCarar—witi—a aeCirar exXpoiren Nenss:avanvsmye eas wave is an

INTENT(OUT) argument.

CALL ATOMIC_AND (I[3], 6) causes I on image 3 to become defined with the value 4 if the value

of I[3] was 5 when the atomic operation executed.
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8.4.3 ATOMIC_CAS (ATOM, OLD, COMPARE, NEW [, STAT])

De

scription. Atomic compare and swap.

Class. Atomic subroutine.

Arguments.

AT

oM 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

(T]\TﬂTT’T‘) av‘gnmnnf K the value of ATOM is ana] tothe salue of ﬂﬂRHDADF‘, ATOM ]’\Dhomes

defined with the value of INT (NEW, ATOMIC_INT_KIND) if it is of type integer, and witlh the
value of NEW if it is of type logical. If the value of ATOM is not equal to the value of COQMPARE,
the value of ATOM is not changed.

oLub shall be a scalar of the same type and kind as ATOM. It is an INTENT (OUJI') argument.| It is
defined with the value of ATOM that was used for performing the &tomid operation

COMPARE shall be a scalar of the same type and kind as ATOM. It is an K ‘ D t.

NHW shall be a scalar of the same type as ATOM. It is an INTEX

STAT (optional) shall be a noncoindexed integer scalar with a decima i b af/least four. It|is an
INTENT(OUT) argument.

Expmple. CALL ATOMIC_CAS(I[3], OLD, Z, 1) causes I ¢ if its

valfie is that of Z, and OLD to be defined with the value of I tomic

opdration.

8.4.4 ATOMIC FETCH ADD (ATO

Description. Atomic fetch and add operatiof

Class. Atomic subroutine.

Arguments.

ATIOM vhere

is an
LUE,
VA[LUE t i¥an INTENT (IN) argument.
oyp same type and kind as ATOM. It is an INTENT (OUT) argument.| It is
the \yaluenof ATOM that was used for performing the atomic operation.

STAT (optional) noncpindexed integer scalar with a decimal exponent range of at least four. It|is an

Expmple. CALL ATOMIC_FETCH_ADD(I[3], 7, OLD) causes I on image 3 to become defined with the [value

12 pnd the valie of OLD on the image executing the statement to be defined with the value 5 if the value ¢f I[3]

wag 5 whennthe atomic operation executed.

8.

Description. Atomic fetch and bitwise AND operation.

Class. Atomic subroutine.

Arguments.

ATOM shall be a scalar coarray or coindexed object of type integer with kind ATOMIC_INT_KIND, where

22

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) ).

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

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 1 41 1 L£TOT I 4l - o 4l e e 1 1. 1 e 1 |l W | 1 fIg
Qe varae or rooD oo tine HIIagT CATCUULIITE LT S UAUTLIITIIL LU DT UTILIIICU WITIL TIIT Valut o 11 LT Valut

wa$ 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.
ATIOM

VALUE
OL

ST

3 a

wa

8.4.

De

Ar
AT

VALUE
oD,

shall be a scalar coarray or coindexed object of type inf & R} , Where
ATOMIC_INT_KIND is a named constant in the intrinsic s i n IN-
TENT (INOUT) argument. ATOM becomes def LUE,
ATOMIC_INT _KIND) ).

shall be an integer scalar. It is ap

sn INTENT (OUT) argument.| It is
g the atomic operation.

ecimal exponent range of at least four. It|is an

wses I on image 3 to become defined with the [value
ent to be defined with the value 2 if the value ¢f I[3]

%) scalaregarray or coindexed object of type integer with kind ATOMIC_INT_KIND, yhere

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

shall be an integer scalar. It is an INTENT (IN) argument.
shall be a scalar of the same type and kind as ATOM. It is an INTENT (OUT) argument.| It is

AN L 41

UULLLLCU Wlbll bllt} V(LlL,lU UL L3 1T UJIVE bll(LlJ Wao UDCU LUL PCLLULLLLLLLB bllU abUllll\, UpCLablUll

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])

De

scription. Atomic bitwise OR operation.

Class. Atomic subroutine.

Arguments.
oM shall be a scalar coarray or coindexed object of type integer with kind ATOMIC_INT_KIND, where

AT

ATOMIC_INT_KIND is a named constant in the intrinsic module ISO_.FORTRAN_ENV. It

INTENT (INOUT) argument. ATOM becomes defined with the value IOR ( ATOM, INT(VA
ATQMIC INT KIND) )

is an

LUE,

VA
ST.

Ex
13]

8.4.9 ATOMIC_XOR (ATOM, VALUE [, STAT))

De

Class. Atomic subroutine.

Ar
AT

8.4.10 CO_BROAD RCE_IMAGE [, STAT, ERRMSG])

Ar
A

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

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

ample. CALL ATOMIC_OR (I[3], 1) causes I on image 3 to become defined &3 if the va

was 2 when the atomic operation executed.

scription. Atomic bitwise exclusive OR operation.

cuments.

OM $ #h kind ATOMIC_INT_KIND, {
ATOMIC_INT_KIND is a named in theuinthNusic module ISO_.FORTRAN_ENV. It

s&detned with the value IEOR ( ATOM, INT (VA

ATOMIC_INT _KIND) ).

[LUE shall be an integep/Scalar. M

AT (optional) shall be a noneqinde 'a decimal exponent range of at least four. It
INTENT(OU

ample. CALL A X ' ses \ofi image 3 to become defined with the value 2 if the va

was 3 when the atovi cadion 8

scription. Copy a value es of the current team.

cuments.

shall have
shall not be a coindexed object. It is an INTENT(INOUT) argument. If it is an array, it shal
the same shape on all images in the current team. A becomes defined, as if by intrinsic assign
on all images in the current team with the value of A on image SOURCE_IMAGE.

is an

lue of

where
is an

LUE,

is an

lue of

fe same dynamic type and type parameter values on all images in the current tegm. It

have
ment,

SO

IRCE IMACE <hall be an inhagav- scalar— T 1s an T]\T’T‘F‘RTT(TRT) av-gnmmni— K-shall be the lmace 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
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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 shattbe uf typc 111tt:5t:17 LC(L}, or—character—t—shatteavethe—sante typc arrt tyyc palaulcttrs on
all images in the current team. It shall not be a coindexed object. It is an INTENT(INQUT)
argument. If it is a scalar, the computed value is equal to the maximum value of A on all\images in
the current team. If it is an array it shall have the same shape on all image the current tearp and

esponding elefnents

RESULT_IMAGE (optional) shall be an integer scalar. It is an INTENT(IN aruent i , it shall
be present on all images in the current team, have the same in the current feam,

STAT (optional) shall be a noncoindexed integer scalar with a decj is an

INTENT(OUT) argument.
ERIRMSG (optional) shall be a noncoindexed default charac

If RESULT_IMAGE is not present, the comp ted Valu is \assigné 3 i i m. If
RESULT_IMAGE is present, the computed 56181 ALR _ other

imgges in the current team becomes undefined
The effect of the presence of the optional argyments S

Expmple. If the number of imagss i 5 is is , 5, i hd [4,
1, 6] on the other image, the v g 3 _ is [4, 5, 6] on|both

Arguments.

. It shall have the same type and type parametdrs on

¢ current team. It shall not be a coindexed object. It is an INTENT(INQUT)
it is a scalar, the computed value is equal to the minimum value of A on all images in
the'current~tegam. If it is an array it shall have the same shape on all images in the current tearth and
each element of the computed value is equal to the minimum value of all corresponding elemepts of
A on the images in the current team.

RESUTTIMAGE (optional) shall be an integer scalar. It is an INTENT(IN) argument. If it is present, it| shall
be present on all images in the current team, have the same value on all images in the current peam,
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

© ISO/IEC 2015 — All rights reserved 25


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

ISO/IEC TS 18508:2015(E)

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,
1, 6] on the other image, the value of A after executing the statement CALL CO_MIN(A) is [1, 1, 3] on
images.

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

De

both

Class. Collective subroutine.

Ar
A

OP

RE

ST

ER

If 1

im

ass|],

Th
iter
the
wh

Th

Ex]
the

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

cuments.

shall not be polymorphic. It shall have the same type and type parmeters odcall images i

reduction operation of applying OPERATOR to all
the current team.

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

mathematically commutative and_ assogia [ . ERATOR shall be the same fu
SULT_IMAGE (optional) shall be an integer s ENT(IN) argument. If it is present, i
be present on all i e $le same value on all images in the current
and that value sh&ll b
AT (optional) shall be a , fvs Nscalar with a decimal exponent range of at least four. It

INTENT(OU
RMSG (optional)

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

hmple~ The subroutine below demonstrates how to use CO_.REDUCE to create a collective counterp
intrinsic function ALL:

n the
\ is a
o the
bn all
f the
res in

bf the
as A.
OUS,
ent a
ction

shall
feam,

is an

ht.

n all
rinsic

Each
, and
ment

hrt to

SUBROUTINE co_all(boolean)

LOGICAL, INTENT(INOUT) :: boolean
CALL CO_REDUCE(boolean,both)

CONTAINS

26

PURE FUNCTION both(lhs,rhs) RESULT(lhs_and_rhs)
LOGICAL, INTENT(IN) :: 1lhs,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]))

De

scription. Sum elements on the current team of images.

Class. Collective subroutine.

Arguments.

A shall be of numeric type. 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(INQUT) argumeént:’ If it is a
scalar, the computed value is equal to a processor-dependent approximagion toxthe stun of the yalues
of A on all images in the current team. If it is an array, it shall haye ages
in the current team and each element of the computed value jsg ndent
approximation to the sum of all corresponding elements of A on\the\m gm. If
RESULT_IMAGE is present, the computed value may depewd AGE
specifies; otherwise, the computed value is the same on all 1

RESULT_IMAGE (optional) shall be an integer scalar. It is an IN4 , it| shall
be present on all images in the current team, have team,
and that value shall be the image index of an imiage in the,c

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

ERRMSG (optional) shall be a noncoindexed default nt.

If RESULT_IMAGE is not present, the comprited valusis\a m. If

RHSULT_IMAGE is present, the computed va other

imgges in the current team beco

The effect of the presence of

Expmple. If the numbe i i \ sm is two and A is the array [1, 5, 3] on one image apd [4,

1, §] on the other i @ < 3 exesdting the statement CALL CO_SUM(A) is [5, 6, 9] on| both

images.

8.4.15 EVENT_Q COUNT [ STAT])

Description. Q

Class. Atomie

Arguments.

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.

CUUNT shall be an integer scalar with a decimal range no smaller than that of default integer. It|is an
INTENT(OUT) argument. If no error condition occurs, COUNT is assigned the value of the pount

PR =t =t e =) 3 . —— . P N o
Ol LV ILIN T . ULICIWISE, 1L 15 asSIEIICd LIIE 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 prec
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 anv synchronization

I

8.4.16 FAILED_IMAGES ([TEAM, KIND])

Desscription. Indices of failed images.

Class. Transformational function.

Arguments.

THAM (optional) shall be a scalar of type TEAM_TYPE defined in the intrinsioigody ENV.
If TEAM is present its value shall represent the cur ! e § s the
team; otherwise, the team specified is the current tean

KIND (optional) shall be a scalar integer constant expression/ Its xa e neter
for type INTEGER. The decimal range for integers of this ki pfault
integer.

Result Characteristics. Integer. If KIND 1 value
of KIND; otherwise, the kind type parameter 4 { integer type. The result is an array of rank one
whpse size is equal to the number of images i th i @ have
failed.

Result Value. The element n the
specified team, in numerically Tcreasi K¢ ecuting image has previously executed an image control
stapement whose ST STAT_FAILED_IMAGE from the intrinsic module [[SO_-
FORTRAN_ENV, or ¢ whose STAT argument was set to STAT_FAILED_IMAGE,
and has not meanwhile”¢ E TEAM construct, at least one image in the set of imnages

pal g t atement, or collective invocation shall be known to have failed.
Ex . If imp@e3 15 the age in the current team that is known by the invoking image to have failed,
FA f there are no images in the current team that are known by the invpking

() is a zero-sized array.

Descriptions Team value.

Class. Transformational function.

Arguinent. LEVEL (optional) shall be a scalar integer whose value shall be equal to one of the named congtants
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 :: IS0 FORTRAN ENV _QONLY: TEAM TVYDPE

8.4.18 IMAGE_STATU

De

IM
TH

Re

Re
M
ST
oth

Class. Elemental fur@.
Arguments.

REAL A[*]
TYPE(TEAM_TYPE) :: NEW_TEAM, PARENT_TEAM

! Form NEW_TEAM
PARENT_TEAM = GET_TEAMQ)
CHANGE TEAM(NEW_TEAM)

! Reference image 1 in parent’s team

A [1,TEAM=PARENT_TEAM] = 4.2
! Reference image 1 in current team
A [1] =9.0

END TEAM

END SUBROUTINE TT

scription. Status of im.

AGE shall be of %

AGE if that! image has initiated normal termination, a positive processor-dependent value different
\T_FARLED IMAGE or STAT_STOPPED _IMAGE if some other error has occurred for that image, an

e Wise(

Ex

ENV.
s the

ED_-
from
| zero

wnle—Ifimoan 2 of+bh o oot too 0 boo o310 ITNJACTE STATIIS (2 Vbheocotlbn ool STAT TATTED TN
T+ =4 Y ror o Y oo Ao ae e e e e e —E e o

A).GE.

THPTes 15) Tttt T CrrrCorrh it

8.4.19 STOPPED_IMAGES ([TEAM, KIND])

De

scription. Indices of stopped images.

Class. Transformational function.

Arguments.
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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 for default

integer.

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 haveninitiated
nonmal termination in the specified team, in numerically increasing order. If the executing image has.previously
exgeuted an image control statement whose STAT= specifier assigned the value STA QPPEDIMAGE] from
the| intrinsic module ISO_FORTRAN_ENYV or invoked a collective subroutine whosel STAT axgument was $et to
STAT_STOPPED_IMAGE, and has not meanwhile entered or left a CHANGE ct, at leadt one
of the images participating in that image control statement or collective inv iated nprmal
terpnination.
Exhmples. If image 3 is the only image in the current team that hagiqitis 3 iwation, STOPRED -
IMAGES() has the value [3]. If there are no images in the current fe haye/initiated normal terminfition,
STPPPED_IMAGES() is a zero-sized array.
8.4.20 TEAM_NUMBER ([TEAM])
Desscription. Team number.
Class. Transformational function.
Argument. TEAM (optional) ’TYPE defined in the intrinsic module [SO_-
FORTRAN_ENV. If TEAM is % the current or an ancestor team, and it sp¢cifies
the] team; otherwise, the team sp
Result Characteristics.
Repult Value. If th cjfiv iscthe inttial Yeam, the result is -1; otherwise, the result value is the|team
nuipber identifying the tedm o invokingNmage within the specified team.
Expmple. The follov e use of TEAM_NUMBER to control which code is executed.
TYRE (TEAM_TYPE
ME |= THIS_TIMA
FORM TEAM ( 2-M@D ODD_EVEN )
CHANGE TEAM (@Db.

JELECT CASE/(TEAM_NUMBER())

GASE (L)

I'Code for images with odd image indices in parent team
GASE \(2)
| Code for -images_w_'bth_emn_imana indices 1in parent tgoam
(=] I

END SELECT
END TEAM
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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.

8.9.2 IMAGE_INDEX

Th¢ intrinsic function IMAGE_INDEX in ISO/IEC 1539-1:2010 is modified by adding~s it sions
that specify the team with the argument TEAM or the argument TEAM_NUM i) ult if
either of these versions is invoked.

The TEAM argument shall be a scalar of type TEAM_TYPE defined in the Mtrihgi AN -
ENV. Its value shall represent the current or an ancestor team.

The TEAM_NUMBER argument shall be a positive integer scalar, 3 X is the initial teain, its
valpe is ignored. Otherwise, its value shall be that of a team nu bed on of
a JORM TEAM statement for the current team.

The result is the image index in the specified team.

8.9.3 MOVE_ALLOC

Th /Cor
2:2 STAT
an
Th It is
an
Th ment.

If t

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

ARGET attribute, any pointer associated with FROM on entry to MOVE_ALLLOC
wdingly associated with TO. If TO does not have the TARGET attributg¢, the

Therallocation status of FROM becomes unallocated.

Wlhen a reference to MOVE_ALLOC is executed for which the FROM argument is a coarray, there is an injplicit
syrlchronization of all active images of the current team. On each active image, execution of the segment [8.5.2
of ISO/IEC 1539-1:2010) following the CALL statement is delayed until all other active images of the cirrent
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 NUML_IMAGES

Th
the
ver

Th
EN

Th
val
a H

Th

8.5

Th

is 1§

Th
EN
tha
ind|

b intrinsic function NUM_IMAGES in ISO/IEC 1539-1:2010 is modified by adding two versions that/s]
team with the argument TEAM or the argument TEAM_NUMBER, and a modified result if either of
bions is invoked.

ORM TEAM statement for the current team.

b result is the number of images in the specified team.

.5 THIS_IMAGE

9,

ecify
these

b TEAM argument shall be a scalar of type TEAM_TYPE defined in the intriisy SO_FORTRAN -
V. Its value shall represent the current or an ancestor team.

b TEAM_NUMBER argument shall be a positive integer scalar. If t itial teain, its
e is ignored. Otherwise, its value shall be that of a team number for % tea d by executjon of

2012,

AN _-
index
mage
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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
hnical Specification. Descriptions of how and where to place the new material are enclosed in braces {}. Edits

Te

to

In

9.

{In|

Aft
TS

ike-eut) are used to indicate insertion and deletion of text.

P Edits to Introduction

paragraph 1 of the Introduction}

er “informally known as Fortran 2008, plus the facilities defined ind[SO
18508:2015”.

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

bhe edits, except as specified otherwise by the editorial instructions, underwave (underwave) and-strik
(st

9113:%012” add “and ISO

e-out

JIEC

{In|

o T

Opli

ad
M
bot

sto
TE

suh
AT
cor
sta
ord
intti
aft

9.

{In

3 Edits to clause 1

1.3) Terms and definitions, insert new terms as follows}

Msert new paragraph}

¥ permit designation of coarrays across
AGES intrinsic procedure provides the indi
construct, TEAM TYPE derlved type, F

OR, ATOMIC_OR, and ATOMIC_XOR perform integer add

. The event facility uses the EVENT POST and EVENT \
'ed type, and the EVENT_QUERY intrinsic procedure to allow one;
The FAIL TEAM statement, the FAILED IMAGES and IMAGE ST

S are

team
ces of
ORM
ks, to
[poses
AST,

tomic
AND,
ition,
VAIT
sided
ATUS
ution

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

stqg
im

1.3
ted
set

1.3
cuy
(of
TH

1.3
ini
tea

1.3

pa
(of
(2.

1.3
ted
int

1.3
eve
sca,

1.3
ted
sca

9.

{In
co
stn

pped image
ge that has initiated normal termination (2.3.6)

.145a
m
of images that can readily execute independently of other images (2.3.4)

.145a.1

rent team
an image) team specified by the most recently executed CHANGI
AM construct, or initial team if no CHANGE TEAM construct Ss

.145a.2
bial team
In, consisting of all images, that began execution of t

.145a.3
fent team
a team) current team during the executif

4)

.145a.4
m number

boer value identifying a te
.154.1- @
nt variable

ar variable of type#

.154.3
m variable

2.1 HighJevel syntax, Add new construct and statements into the syntax list as follows: In R213 exec
structsinsert alphabetically “change-team-construct”; in R214 action-stmt insert alphabetically “event
t}= “event-wait-stmt”, “fail-image-stmt”, “form-team-stmt”, and “sync-team-stmt”.

NGE

team

table-
Fpost-

{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

34
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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.}

Foyl each coarray on an image in a team, there is a corresponding coarray with the same type, type paramleters,
and bounds on every other image in that team.

{In[ 2.4.7 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.p Edits to clause 4

{In[4.5.2.1 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 [parent type shall have an—ultimate a component a @
EVIENT_TYPE or LOCKTYPE&Q&%{\

{In[4.5.6.2 The finalization process, add to th of NOTEM8}

an-ultinmale gonent of type EVENT_TYPE
\ a el ofwgnpointer component selegtion,
peinter component selection off type

in the current team

0.6 Edits to clause

{In[ 6.6 Image selecte@pl 0

R6P4  image-selector cosubscript-list B

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

R6P4a  team-idegits, TEAM_NUMBER = scalar-int-expr
r TEAM = team-variable

C6p7a (R624 ot be a coindexed object.

{In] 6.6 Image 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 in the[team
specified by a_team-identifier if it appears, or in the current team otherwise.

CEQQ 3 4 £ 4l T nical

I &6 1 1 + £+ L9 3 + 41 £ Lo fo1l 3
OTO—TTHTIEEC—SCreCTor ST—artC—pPatr ag e p——1SCIt— oot e e pPpIS—TorowWi g U OT T Ot S—T€erl

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

svnehronization—-of-al-activetmaces—mtheecurrent—team—Oneach—acetheseHmaces—execntion—-of-the-segment
Y AL 34 §

HRBEOS IO CHTOR L0~ BEA—RBESTHOSOHBBEEE; ot
(8.5.2) following the statement is delayed until all other active images in the current team have exectited the

sanhe statement the same number of times since execution last began in this team. If the coarray iSha ‘dymmy
argument, its ultimate argument (12.5.2.3) shall be the same coarray on everyimage

jationcwith the dejalloc-
N D statement ¢r the

There is also an implicit synchronization of all active images in the current team j
atign of a coarray or coarray subcomponent caused by the execution of a R
termination of a BLOCK construct.

{In[ 6.7.4 STAT=specifier, edit paragraph 2 as follows} \ \>

If the STAT= specifier appears, successful execution of the ALLOCATEW h“ ALLOCATE statement ¢n all

images in the current team causes the stat-variable to becomedefined ICthe veluefero; otherwise, if a [failed
imgge is detected and execution is otherwise successful, the PTAF= spegifietNs asspgned the value of the named

corfstant, STAT _FAILED_IMAGE in the intrinsic module IS 3.8.2 .

oy

{In] 6.7.4 STAT= specifier, para 3, replace the text\toxthe bullet{ist

If he STAT= specifier appears in an ALLO LLUOCATE statement with a coarray allocate-pbject
and an error condition occurs, the specified iahteN {gned a'positive value. The value shall be that ¢f the
naiped constant STAT_STOPP i e ISO_FORTRAN_ENYV if the reason is that a
sudcessful execution would hav&involygd an 1 i i image that has initiated termination; othefwise,
the| value is a processor-depgnden 1t is different from the values of the named constants STAT _-
STPPPED_IMAGE or STAT: in\the mtrinsic module ISO_FORTRAN_ENV. In all of [these

casps, each allocate-obje

{A

If 4
sta/

f the

9.

{In|

o JHANGESTEAM construct;

{Fallowving 8.1.4 BLOCK construct insert 5.3 CHANGE TEAM construct from this Technical Specification 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 J[YNC TEAM;

{In| 8.5.1 Image control statements, edit paragraph 3 as follows}

Alll image control statements except CRITICAL, END CRITICAL, EVENT _ [ , FORM
THAM, LOCK, and UNLOCK include the effect of executing a SYNC MEM

{In[ 8.5.2 Segments, after the first sentence of paragraph 3, insert the folipwin

A goarray that is of type EVENT_TYPE (13.8.2.8a) may be refetence ed dwring the execution] of a
segment that is unordered relative to the execution of another in whlich\th array of type EVHNT -
TY|PE is defined. /€Tﬁ\

{In| 8.5.2 Segments, edit the first sentence of NOTE 8.34

The model upon which the interpretation of axprogramnis based is(that the e is a permanent memory locatipn for
each coarray and that all images on which it is establigshdd camvacce

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

{Fallowing 8.5.2 Segments insert WA ent from this Technical Specification as 8.5.2bJ with
rul¢ and constraint n er mo 1ﬁ

{Fgllowing 8.5.2 Segrne t51 WM statement from this Technical Specification as 8.5.2c) with
rul¢ and Note numbers

{In] 8.5.3 SYNC

stagementyedit\paragraph 2 as follows}

Ex¢cution of/a sdatem¥nt performs a synchronization of all active images in the current peam.
of thy segment following the SYNC ALL statement is delayed until each other active
xecuted a SYNC ALL statement as many times as has image M since exedution
segments that executed before the SYNC ALL statement on an image precede the

r the SYNC ALL statement on another image.

T

last began in thigtedam,

segments that_execute a

{In] 8.5.4:8¥NC IMAGES, edit paragraphs 1 through 4 as follows}

If 4ndge-set is an array expression, the value of each element shall be positive and not greater than the nymber
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[85.6 LOCK and UNLOCK statements: In para I, change “image and to "lmage, that image has not failed,
and the lock variable”; in para 4, add new second sentence “If an image fails after locking and before mnlgcking
a lgck variable, the variable becomes unlocked.” }

{In| 8.5.7 STAT= and ERRMSG= specifiers in image control statements replace

cified
ENT
OCK
zero;

d the

If tthe STAT= specifier appears in a SYNC MEMORY statement and its e
varfable is assigned the value zero. If the STAT= specifier appears in a C
PO
stal
oth
val

If = speci i , VENTROST, EVENT WAIT, FORM

TH AM, or UNLOCK statemen} and
an ¥ a The value shall be the nfamed
cors _ _ i intrigsi RTRAN_ENV if the reason is that a successful
exgecuti i i i jthhan itnage has iitiated termination; otherwise, the vglue is
a pl - iti i ¢ es of the named constants STAT_STOPRED _-

IM

The i i i 10 KN FORM TEAM, or SYNC ALL statement is that of
the } i ion/of a CHANGE TEAM or SYNC TEAM statemknt is
that of the team specified by 3 ! . The set of images involved in exedution
of 4 SYNC IMAGE ent is Vi { its gmage-set and the executing image. The images involyed in
exdcution of a LOCK ov sha nt ady the ones on which the referenced lock variable is locateql and
the executing image. ¥ i ekecution of an EVENT POST statement are the ones on fhich
the referenced event he executing image.

Aft
al

sement with a STAT= specifier that is not a SYNC MEMORY statement,
ent shall be known by the executing image to have failed.

_
=5
=3
@

a
.
<

If ghe STAT iftay appears/in a CHANGE TEAM, END TEAM, SYNC ALL, SYNC IMAGES, or §YNC
THAM statement and an eivor condition occurs, the effect is the same as that of executing the SYNC MEMORY
stapement, except.for defiming the STAT= variable.

{In] 8.5.7 STAT= and ERRMSG= specifiers in image control statements replace paragraphs 4 and 5 by the
followig \paragraphs, then add the final paragraph of 6.3 CRITICAL construct of this Technical Specificaflion.}

f il (alanl Waal el 1 4 : OITT AN O LRI A AR A QOR IO ZIONTIOD Y YA
I UITT S TZAT = SPCCIIICT JOUCS TI0U apptar IIT' a OITAING Y LLA‘\LVL LJLVIJ LJJALVL J_JVLJLV LI 1TTUOL, LDVILINLI 'V IT,

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).

9.0 Edits to clause 13
{In[ 13.1 Classes of intrinsic procedures, edit paragraph 1 as follows}
Int}insic procedures are divided into seven eight classes: inquiry functions, elemental hg, \transformational
funfctions, elemental subroutines, pure subroutines, atomic subroutines, colleg (browitims, and (imjpure)
sulroutines.
{In[ 13.1 Classes of intrinsic procedures, replace paragraph 3 by paragra @TES 8.1 and 8.2
of 8.2 Atomic subroutines of this Technical Specification, with these : e Yof ISO/IEC 1539-1:2010”
and renumber the NOTES.} \
{In[13.1 Classes of intrinsic procedures, insert the contents of .3 ectl WS of this Technical Spegifica-
tionh after 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[ 13.5 Standard generic intrinsic procedures} h 2\after he live “A indicates ... atomic subroytine”
ins¢rt a new line}
C ipdicates that the procedure %collective br
{In| 13.5 Standard generic i \é € 13 1, insert new entries into the table, alphabetically
A'OMIC_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-A A Atomic fetch and bitwise AND operation.
ATOMIC_F ATOM, VALUE, OLD A Atomic fetch and bitwise OR operation.
[ STATY)
AFOMIC_FET@H (ATOM, VALUE, OLD A Atomic fetch and bitwise exclusive OR
[,STAT]) operation.
AT'OMIG=OR (ATOM, VALUE [, STAT]) A Atomic bitwise OR operation.
ATOMIC-XOR (ATOM, VALUE [, STAT]) A Atomic bitwise exclusive OR operation.
COPBROADCAST (A, SOURCE_IMAGE C  Copy a value to all images of the current tpam.
[, STAT uRRWLQUJ)
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|

IMAGE_INDEX, MOVE_ALLOC, NUM_IMAGES, and THIS_IMAGE, as modified by ISO/IEC 1539;1:201
1:2P12, as follows}

MOVE_ALLOC Move an allocation.
NUM_IMAGES ()or umber of images.
THIS_IMAGE Index of the invoking image.
THIS_IMAGE T  Cosubscript(s) for this image.

AFOMIC DEFINE ~ (ATOM, VALUE [, STAT)) A
AFOMIC_REF (VALUE, ATOM |, STAT]) A

INNAGE_INDEX (COARRAY, SUB) or I

COARRAY, SUB, TEAM) or

COARRAY, SUB, TEAM_NUMBER

13.5 Standard generic intrinsic procedures, Table 13.1, edit the entries for ATOMIC_DEFINE, ATONMHCIREF,

/Cor

=

{1

13.5, Standard gerﬂ%\M&ragraph 3, insert “in the initial team” after “image 17}

{In
Spe

13.7 Spemﬁcat thi st mtrmsm procedures, insert subclauses 8.4.1 through 8.4.20 of this Tecl
cification in der alphab tlca ith subclause numbers adjusted accordingly.}

inical

{In|

13.

13.7.20 E, 8dit the subclause title as follows}
/.20 ATOMIC -DEFINENATOM, VALUE [[STAT

{In|
ST

13.7.20-ATOMIC_DEFINE, add the argument description as follows}

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

n 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

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

40

13.7.21 ATOMIC_REF, add the argument description and a paragraph as follows}

TENT(OUT) argument.

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[ 13.7.79 IMAGE_INDEX, add the arguments descriptions as follows}

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

THAM_NUMBER shall be a positive integer scalar. If the current team is tlfe initia S is igrjored.
Otherwise, its value shall be that of a team number for a t ion of a

FORM TEAM statement for the current team.

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

{In[ 13.7.79 IMAGE_INDEX, replace paragraph 5 with}
Result Value. If the value of SUB is a vahd que f chs ip RRAY in the specified team, the
resflt is the index of the corresponding i 1ma atteam. Oth Wl esult is zero.

{In 13.7.118 MOVE_ALLOC, edit the subclause-bi WS

13118 MOVE.ALLOC (FROM, TO [, STA ERRMSG

Ws follows}

intsger scalar. It is an INTENT(OUT) argument.

{In[13.7.118 MOVE_ALLO

STAT (optional) shall e a oncoindexed

ERRMSG ( optlonal ult character scalar. It is an INTENT(INOUT) argumer

=+

{In[ 13.7.118 MOVE replace arag phs 4 through 6 and the paragraph that was added by ISQ/IEC
1539-1:2010/Cor 2:201 by a rough 8 of 8.5.3 of this Technical Specification, deleting “of ISQ/IEC
1539-1:2010” in aragr

{In| 13.7.12 , ed the subclause title as follows}

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

{In[ 13.7.126ANUM_IMAGES, replace paragraph 3 with}

Arguments.

THANM shall be a scalar of type TEAM_TYPE defined in the intrinsic module ISO_FORTRAN_ENYV. 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])

{In13.7165-asnodified by ISO/ARC 1539-1:2010/Cor 1:2012_THIS IMAGCE () or THIS IMAGE (COARRAY)

or THISIMAGE (COARRAY, DIM) insert a new argument at the end of paragraph 3 }

THEAM (optional) shall be a scalar of type TEAM_TYPE defined in the intrinsic module ISO_EORTRAN -
ENV. Its value shall represent the current or an ancestor team. If CO Y appears! it shhll be
established in the team specified by the value of TEAM.

[EAN

{In| 13.7.165, as modified by ISO/IEC 1539-1:2010/Cor 1:2012, THIS_IMAG RAY)

or THIS IMAGE (COARRAY, DIM) at the end of paragraph 5 add }

Cage (iv):  The result of THIS.IMAGE (TEAM) is a scalar with a va pking
image in the team specified by the value of TEAM.

Cake (v):  The result of THIS IMAGE (COARRAY, TEA
COARRAY that would specify the invoking im#ge M.

Cage (vi):  The result of THISIMAGE (COARRAY, AM)-isNhe value of cosubscript DIM in the
sequence of cosubscript values foNCOA that wofild) specify the invoking image in the|team
specified by the value of TEA

{In[ 13.7.172 UCOBOUND, edit the Result Value as fol %\)Q

Th¢ final upper cobound is the cripk i subs ipf list for the coarray that selects the imagd with

index NOMIMAGES{ equal 1 inagesin whe current team when the coarray was established.

~~—_"

{In| 13.8.2 The ISO_.FORTRA intringicxuodie, insert a new subclause}

13.8.2.7a CURRENTY

The value of the defaylf\integersca CURRENT_TEAM identifies the current team in an invodation

of fhe function GET_ REAM.

{Inf 13.8.2 The I M }}\Q/'>ntrinsic module, insert a new subclause 13.8.2.8a consisting of subg¢lause

7.2|EVENT, f Shis-Techyical Specification, but omitting the final sentence of the first paragraph ard the

fourth sentence of sexond_papagraph. }

{In[13.8.2 The IS(%R;F}AN,ENV intrinsic module, insert a new subclause}

13.8.2.9a INITIAL_TEAM

The value of the default integer scalar constant INITIAL_TEAM identifies the initial team in an invocatjon 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.

42

© ISO/IEC 2015 — All rights reserved


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

ISO/IEC TS 18508:2015(E)

{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

I 19 Q9 94 QAT QI ADDTATN TN LA T - 4 AT s £ 11
o767 2724 O TIXT SO TUT T DD TTIVIZYG L) TITSTT U & IIEW INOTE alter paragrapir Ly

In gddition to detecting that an image has initiated normal termination by having the variable in a STAT=sp¢cifier
or & STAT argument of a call to a collective subroutine assigned the value STAT_ST ED_IMAGE, an image
car] get the indices of the images that have initiated normal termination in a spetified m~by invokinlg the
intrinsic function STOPPED_IMAGES. N\

{In[ 13.8.2 The ISO_ FORTRAN_ENYV intrinsic module, append a new subclause 13,82.26 k@ of sub¢lause
52| TEAM_TYPE of this Technical Specification, but omitting the final eéﬁb% of\th&\first \pardgraph.}
2X
u

{In[ 13.8.2 The ISO_.FORTRAN_ENV intrinsic module, append a n

The values of the named constants IOSTAT_INQUIR 3 \ AT_FAILED_IMAGE, STAT -
LOCKED, STAT_LOCKED_OTHER_IMAG [ 3 STAT_UNLOCKED shall b dis-
tingt.

13.8.2.26a Uniqueness of values of named constants

0.10 Edits to clause 16

{In[ 16.4 Statement and const¥uct jties, ¥ after “DO CONCURRENT” replace “or” with a
corhma; after “ASSOCIAT i Orcas a coptray specified by a codimension-decl in a CHANGE
THEAM construct,” }

{In| 16.4 Statement a@ns uct enti heollowing new paragraph after paragraph 8}

struct have the scope of the block. They have the declared|type,
, and cobounds as specified in 8.1.4a.

The associate names o
dymnamic type, type p

16.5.1.6 Cons ructaN:i

prres-

{In] 16.6.5 Events thM variables to become defined, add the following list item}

(33]) Failure of the image that locked a lock variable before it has unlocked the variable causes the variable to
bedomé.unlocked.

{InT6.6.6 Events that cause variables to become undelmed, add the following list 1tem

(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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