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Fortran (Fortran 2008)

U2010 1ISO
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Fortran 2008 coarray (1)

Uimage instance ( ¢ )

image . (image ID) 1 2 3 4

ro bl
iImage
(MPI rank
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Fortran 2008 coarray

U
A imageA AnMk o i A7
integer:: a(3 ’ \
doi=1,2 [a) ] a@[a T a]
a@) = . .
enddo . doi=1,2 doi=1,2 P
A N~ codimensiog[*])~ . . " T coarray ’
| Image X
A n1,n2,* 5§ " image s
A 4 imageAN” coarray 1 4 ~ (coarray =~ )V n M/
, -
integer, save a(2[*] ("
doi=1,2 [ a() ] a@| a(1) | a(2)
a® = . .
enddo . doi=1,2 doi=1,2 P
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Fortran 2008 coarray (3)

U Image coarray ( )
A image | coarray image selectori )
A image s {471 image selectoimage = A i
) N ) 1~ 1 column -wise
order - T
get pUt ¢ /
integer,save: d*| integer,save: d*] integer,save: d*]
if(THIS_IMAGEEg)then | |if(THIS IMAGEEg)then| | if(THIS IMAGEEg3)then
a=a?] a?2]=a a2]=a[1]
endif endif endif

| ——N\N(—— [ ——\ (——— T —
KN S

\_ J L _J @
“ . 2 . e .
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Fortran 2008 coarray (4)

U
b | ,, VI
integer,save: b, d*] integer,save: b, a*
if(THIS IMAGEEq1)then if(THIS IMAGEE@g1)then
a2]=a a2]=a
elseif(THIS IMAGEEg2)then elseif(THIS IMAGEEg2)then
b=a a=b
endif endif
(
.
a 2] h
. b

AN 7 97  AX O3 NANAT i
And- | X0
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Fortran 2008 coarray

U
AFortran N 0 U
A SYNC ALL
A SYNAMAGES

A CRITICAL
ALOCK UNLOCK

ASYNC MEMORY+ Fortran D+ 4 o
ASYNC MEMORY f 444 ~a P

ASYNC MEMORY+ atomic \ M1 \J S

~

Aatomlc\l\H nMd (T4 ). |coarray atomic
1 k AX
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USYNC ALL

| SYNC AL[_([synestatllst])] |
A1l image” N0~ O
ANANAT aA segment” 4 N

. segment’ N T 510 444 a N
. segmentB T segmentA T aAAd T aAN
(NUM_IMAGES() T image 9~ ~ “AD)

( Segment A \ integer save:: d*] ! coarray
f(THIS IMAGEEy1)th
Gmage D N OISZNUM IMAGES

| a dil=al!himage a | o psegment A
enddo
N I

endif ‘

SYNC AL¥ SYNC ALL
" image a [
segment B .

~
A —

coarray 9 & ° 1

}segment B
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U
A image control statement TaANT T NANAT
aAN T A4 T 7 segment” 4 N
AAAA 7 1 segment a A N~ ST
A image control statement S - I N )
A SYNC ALL

> I>

A SYNC IMAGES
A LOCK UNCLOK
A CRITICAL END CRITICAL

A ALLOCATABLE ~ "~ coarray~ J A N’ |
| T T aA
. ALLOCATE DEALLOCATE RETURN ~ °

A SYNC MEMORY

2
segment
segment
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USYNC IMAGES

SYNC IMAGE$ageset], synestatlist] )

imageset 1 image .
A A~ image> "0~ 0 (* T1 image”™+ ~ )
. segmentC T segmentA B aAd T aAN
(segmentD segment integer save:: bj*], d*] ! coarray

)

if(THIS IMAGEEq)then
a2l=alw a2 ¥
SYNC IMAGES(

eIseif(THIS_II\/IAGEE(QS)then}Segment B
b[2]=b 'W Db[2] 0
SYNC IMAGES(

elseif(THIS IMAGE&g2)then
SYNC IMAGES((#))

W ab [

endif

}segment A

}segment C
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ULOCK UNLOCK

LOCK (ock 2 [, lockstatlist])
UNLOCKIbck 2 [, synestatlist] )

Alock 9" 4\ Y k 4V N “AH
Alock 1 LOCK_TYPEcoarray
LOCK_TYPET “AM1n1ISO FORTRAN EN¥ N 7.
. segmentA " T 4V N~ S image i XaA "

(segmentA segment A Segment,@

use, intrinsic :: ISO_FORTRAN_ENV
type(OCK_TYBEsave :lock*]
integer save:: d*]

LOCK(lodk))
a[2]=42]+ 1 }segment A
" UNLOCK (lo¢R])
LOCK{ock % ,ACQUIRED_LOCKE % )

92~ T ACQUIRED LOCK ~ " |

& 9xf4VN“ D44

O MANIdNEA
T ° P " D 147 - :
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UCRITICAL

CRITIAL
& A

ENDCRITICAL

Ao AN NN aA” image” 1~ "~ N .
AMn1 1447 N~ 4V N 1

. segmentA~ T imageX AN~ aAN”

CRITICAL
a2]=42]+ 1 } segment A
END CRITICAL

segmentq integer,save: d*] | coarray
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USYNC MEMORYFortran

| SYNC MEMOFR(Y[synestatllst])] |
Asegment ~ 4

. segmentB - T segmentA T aAAd T aAN
ASYNC MEMORY 1 a xi A 1 aA -
s X1 T T aA o N7
4 segment A R integer,save: d*| ! coarray
if(THIS IMAGEE@g.L)then
doi=2,NUM_IMAGES()
n a[3] ali] = al himage a | L }segment A
enddo
& _J | endif
* # SYNC MEMORYYNC MEMORY
callmybarrief) ! =
Segment B SYNC MEMORY
Woa | " image a |[f }segmentB
r ;
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| NUM_IMAGES() |

A image

|_THIS_IMAGEOARRAKDIM] |

A THIS_ IMAGE() image  image
A THIS IMAGE(COARRMAN) COARRAY image
image ( DIM
DIM )

| IMAGE_INDEX(COARRAY, SUB) |

A COARRAY SUB cosubscript
Image

| LCOBOUND, UCOBOUND(COARRMYKIND)
A COARRAY image cobound

(  DIM DIM )

\0rchestrating a brighter world N '



coarray (Fortran 2008)

-

coarray 1| imageA =~ 08
)2  coarray a(10,10)i 1 imageA ’
real save: a(10,10)

n"A" 1T A~ w( 4" k40)
) image 24" b” | image A" b 1 A .
b[1]=H2]
image A0 T imaged” & 40

SYNC ALL, SYNC IMAGES
; SYNC MEMORY
1 image . CRITICAL
. LOCK , UNLOCK

: THIS_IMAGE, NUM_IMAGES
atomic . ATOMIC_REF, ATOMIC_DEFINE

1 1
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MPI

U
A MPI d 4

real(4),dimension(:,:alipcatable

real(4) :gosa

. ;

callmpi_cart_creafeomm,ndims,idm&
ipd,ir,mpi_comm_cart,igrr

callmpi_cart_gémpi_comm_car&
ndims idm, ipd, (0, ierr)

imaxe mx2(00(1)
jmaxe my2(00(2)
kmax= mz2(0(2)

mimaximax+ 1
mjmaxjmax+ 1
mkmax kmax+ 1

alloéate(pﬁimax,mjmax,mkm)ax
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coarray

(1)

A coarray A 4

real(4),dimension(:,:allpcatablep:,:,:]
real(4)allocatable, CODIMENS]IQN::gosa

l  image
mimax maxvalmx2(0:ndx)) +1 geeele\Y
mjmax maxvalmy2(0:ndyi))+ 1 JigEtls
mkmax maxvalmz2(0:nd4)) +

13 image

allocate(pimax,mjmax,mkmpxdx, ndy*])

allocategosgdndx,ndy*])

' image (3 )
=THIS_IMAGE(p)

' image

Imaxe mx2( )
jmaxe my2( )
kmax= mz2( )
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MPI|  coarray

U
A MP1 4 A

do loop=1,nn

dok=2,kmax
do j=2,jmaxd
doi=2,imaxL
sO=a(l,J,K,1)*p(1+1,J,K) &

wgosawgosa+s$ss
wrk2(1,J,K)=p(l,J,K)+omesga*
enddo
enddo
enddo
p(2:imaxi,2:;jmaxl,2:kmaxl)= &
wrk2(2:imaxd,2:;jmaxl,2:kmaxl)

(2)

A coarray A 4

Image

Icallsendp(ndx,ndy,nd)z

L
r

enddo

call mpi_allreduc(avgosa,gosa,1,mpi_reaL &

=3

do loop=1,nn

| coarray
gosa=wgosa
SYNC ALL !image
doi=1, NUM_IMAGES()

! image gosa
if(THIS_IMAGE() .néen
gosa=gosa+ gosdi]

endif

mpi=sum,mpi_comm_world,)e[[

enddo
enddo
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MPI  coarray

2 0(
AMPI - _ >
| image HL,j,kD
callmpi_type vectgmaxkmax,l,mimax,& HERER
: Jierr) D
! &
'callmpl_type_comn@h Jern mage i K
callmpi_isen@p(2,1,11) ,Npx(1),1& v
, mMpi_comm__cart,ir€g)ierr)

Acoarray + A
SYNC ALL
if(ndx> 1)then ( )

if(lop(1).ne.l) phax jmax kmay| -1, ) ] =p(2, jmax kmay 11
] =p(imaxl, jmax :kmaxy ! 1

if(lop(1)ne.nd¥p(1, jmax :kmaxy|
endif MPI_PROC_NULL
image
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Fortran (Fortran 2015)

U2018 8 7 i i & . O

U

auv p coarray ) (TS 18508)
C’ 1 1 s (TS29113)
Fortran2008 ~ = & k ST T

> > I>
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U
U
Utcollective

Uatomic
U
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(1)

Uteam

Aimage /4 4

Aimage "~ team K image 'H I

A H " team Timage 0

— (P o® & )

team 1 team 2

L @ @ & |

image 1 2 1 2

A team N
A team (|oT|- )

- % I
A teaml/ (p n )
.D TEAM_TYPE W (I O bl )
-D TEAM_TYPE ISO_FORTRAN_ENV U
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(2)

U FORM TEAM team
| FORMIEAMteam  ,team % [, formteamspeslist] ) |

| use, intrinsic:1SO_FORTRAN_ENY
type(TEAM_TYPEtL

n= (THIS_IMAGH{)/ 2 +1 [ ( ]

| =mod(THIS_IMAGH,2) + 1

FORMIEAM(, t, NEW_INDE)= | V
team 1 team 2

@ Pl <L)

image
A 4 (n) " image A team " 0
-MPI_Comm_split | color  »
Ateam/ (1) image A team ~ L bl 0
- MPI_Comm_split  |F newcomm >
ANEW_INDEX= 4 70 team K image image
0 [ . bl TH L)
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(3)

UCHANGHEAM team
A image T4 X ~ & teamS X1 image® V. ©
"1 7 team> AT G~ AY
CHANGE TEANE@m |, coarrayassociatiolis] [, synestatlist] )
a A

| ENDTEAM (synestatlis) ]

Dprogram main

type(TEAM_TYPEtL
n=(THIS_IMAGH()/ 2 +1

I =mod(THIS_IMAGH®,2) + 1
FORMIEAM(, t, NEW _INDEX=
! team image
CHANGHEAM|) !team t

ENDTEAM | team

use,intrinsi:: 1ISO_FORTRAN_ENV

! team  t(team lorteam )
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U TEAM NUMBER
| TEAM_NUMBHR{m % ]) |
A team D team
A team Y X N 147 Adimage = =~ team team

n=(THIS _IMAGH()/ 2 +1
team 1 vzli‘Lteam 2
CHANGE TEAM(
casel)
callcompute _ocedh

D use, intrinsic :: ISO_FORTRAN_EN
| =mod(THIS_IMAGH,2) + 1
FORMIEAM(, t, NEW _INDEX=
select caselEAM NUMBER()
callcompute lang@
casep)
end select
END TEAM
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(5)

Uimageselector team coarray
[MXA D  dist[team 1 ][ STAT=% M VA Y]]
Aeam 1 T TEAM_NUMBERam " TEAMteam Y
Ateam 41~ A° 7 447" team” 9 i image
A team = 1 ) team team ~ A~
A team v i " team " team team Y~ A~

[]

use, intrinsic :1ISO_FORTRAN_ENV
real, save a*]
type(TEAM_TYPE t1, t2

CHANGEEAM() !

team t1
b =a[l] lteam t1 all]
CHANGHEAMP) ! team 2
b=al[l] lteam t2 all]

c=a[l, TEAM&] !team t1 a[l]
END TEAM
END TEAM
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©

Uimage

ACHANGE TEAMi * T coarray

V4

I Image s

[]

program main

use, intrinsic :1ISO_FORTRAN_ENV
real,save: 42, *|
type(TEAM_TYPELl

FORMIEAM(,t1,NEW INDERX=!
CHANGHEAM(, aal*] =>h
b=a[l]l] !'team t1 a[l,1]
c =aa[l] !'team t1 aall]
ENDTEAM

| =THIS IMAGE(a, 1) ! cosubscrigt
n=THIS IMAGE(a,2 ! cosubscrigt

codimension A ~

P.
&S

A
| al1.1] | [ a[1.2] |
 La21 ] | a[2,2] | )

>a[1,1]

>a[2,1]

PSP

>a[2,1]

@ NEC Corporation 2015

\0rchestrating a brighter world N '



(7)

U SYNC TEAM

| SYNC TEAMdam [, synestatist] )

N

A A
[ —

type(TEAM_TYPEI0, t1

SYNC TEAKY ! team 10

FORMIEAM(nt1, NEW_INDEKX#F

CHANGEEAM() \\

use, intrinsic :tSO_FORTRAN_EN\I [l

team 1 image’ N0~ 0.

to

(

team (0K
A SYNC ALL

I s
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| NUM_IMAGEB{m 5>~ team ) |
Ateam ® = team team (
team) image

| THIS_IMAGEOARRAY, DIM][, team > ) |

ATHIS_IMAGEEm “ ) team team (
team) Image image
ATHIS IMAGE(COARRMM [, team 9 ]) team 9
team ( team) COARRAY
Image Image ( DIM
DIM )

| IMAGE_INDEX(COARRAY, [SEB1 5 team )

Ateam » ~ team team (
team) COARRAY SUB
cosubscript Image
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(1)

Uimage P Image Q
AimageQ 1 imageP” = "~ A & ~ T
Aimage P 1 image Q '» G

event? X DN T 77

A eventt/

A D EVENT_TYPEoarray W

. DEVENT _TYPE ISO_FORTRAN_ENV 0

A W imagedz evenl/ @’
A eventlV/ An event

A event A 1 0

A EVENT _QUERYént/ , COUNT STAT) event

w
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(2)
U EVENT POST:

| EVENT POSEBVYent [ synestatist]) |
Aevent ©  event ~ atomic” 1
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(3)

U EVENWAIT
EVENWAIT(event [, waitspedist] )
waitspec UNTIL_ COUNT \ 4 D
A event | ° dz H | atomic | n
A UNTIL_COUNT= 4" R | |
A imagedz coarray event/ " U
Duse,intrinsicISO_FORTRAN_ENV( = JOSRLIALIIAEELS .
type(EVENT_TYPES[*] segment : :
realal*]
: : segment A
If(THIS _IMAGE().eq.1)then e SN ¥
a2]=b  h
EVENT POSJZ2)
else
EVENT WAH)(
callcalda) !a
endif
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collective

U
| CO_BROADCAST(A, SOURCE_INSWGE[ERRMS) |
A image SOURCE_ IMA@E SA i team 1
imageAN " MMn~  (MPI Bcast /1 )
U
| CO_SUM(PRESULT _ IMA(}IESTA‘I][ERRMS]Z) |
A 7 teamA 1 imageA i HA - -
A, RESULT_IMAGE A~ 447 ° image RESULT_IMAGE
THOA T AN (MPI_Reduce ™ 11 )
A  RESUT IMAGE =~  J4i "7 team 1 image A

SH A TAN . (MPILAllreduce ~ 1 )
ACO_MA)XCO MIN v

CO_REDUCE(A, OPERATRERULT IMABESTAT[ERRMS] |

~

A OPERATOR 1T 7~ M1\VA° D~ ] a A
P2 I
A D~ A Xs A" A0 T 79
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coarray (Fortran 2015)

coarray | A7 team 1 imageAN =~ ©F T
coarray a(10,10)i 1 imageA ~ ° -
real save: a(10,10)
i A RN 1 0)
) team t image 24" b” i image 1N b’ 1A
b[l] b[2, TEAM=}t
FORM TEAM, CHANGE TEAM
SYNC TEAM, SYNC ALL, SYNC IMAGES
EVENT POST, EVENT WAIT
SYNC MEMORY
1 image CRITICAL
LOCK , UNLOCK
. THIS_IMAGENUM_IMAGES
collective . CO_SUMCO BROADCAST
atomic - ATOMIC REF, ATOMIC DEFINE
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