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1
xcalableMP
11
1.2
XcalableMP
C Fortran
OpenMP
CAF(Coarray
Fortran) CAF-like PGAS (Partitioned Global Address Space)
MPI
MPI
SMP OpenMP
OpenMP

Features of XcalableMP are summarized as follows:

® Language extensions for familiar languages C and Fortran, which can reduce
code-rewriting and educational costs.

® XcalableMP supports typical parallelization based on the data parallel
paradigm and work sharing under "global view", and enables parallelizing the
original sequential code using minimal modification with simple directives, like
OpenMP.
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® XcalableMP also includes CAF-like PGAS (Partitioned Global Address Space)
feature as "local view" programming.

® Explicit communication and synchronization. All actions are taken by directives
for being “easy-to-understand” in performance tuning.

® For flexibility and extensibility, the execution model allows combining with
explicit MPI coding for more complicated and tuned parallel codes and libraries.

® For multi-core and SMP clusters, OpenMP directives can be combined into
XcalableMP for thread programming inside each node as a hybrid programming
model.

XcalableMP is being designed based on the experiences of HPF, Fujitsu XPF (VPP
Fortran) and OpenMPD.

2
2.1

XcalableMP Fig-1

SPMD(Single Program Multiple Data)

OpenMP
?77?
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| network |

\

node node node

Fig- 1 Hardware Model

XcalableMP
XcalableMP
2.11
OpenMP
loop
Fig-3
C Fortran
[ ]
o HPF
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Data A(N1, N2, N3)

K

N2

original program

Serial Program

Fig- 2

2.1.2

MPI

interoperability

A(ij k)

Fortran
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XcalableMP

distribution

onto different nodes

parallelization original program

with
parallelization directives

Parallel Program

Fig-4
XcalableMP

coarray n
A(i,j,K)[N]
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Data A(N1, N2, N3) Data A(N1, N2, N3) Data A(N1, N2, N3)
& L Ko
N2 N2 N2
- - -
= = z
o000
SPMD program SPMD program SPMD program
Node 0 Node 1 Node (N-1)
Fig- 3
2.13
coarray
Fig-2 G L
XcalableMP
XcalableMP
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dimension L(50, 40) ! local view (default)
dimension G(80, 100) I global view

1$xmp template, distribute (block) onto (0:4) :: T(100)

1$xmp align with T :: G

Global name space (virtual)

G(80, 100)
Data allocation
G(80, 1:25) G(80, 26:50) G(80, 51:75) G(80, 76:100)
L(50,40) L(50,40) L(50,40) L(50,40)
node 0 node 1 node 2 node 3

Fig- 4
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2.2
(entire nodes)
Fig-5
SPMD Loop Array
Task Task
coarray
MPI
Fig-6
2.3
XcalableMP Fortran C
° directive
°
®
°
2.4
[ | node
XcalableMP CPU
XcalableMP
[ | node number
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1
MPI  rank
coarray index
node sets
entire nodes set
execution/executing nodes set
execution nodes
node array
execution node array
named node array
Nodes
task

template
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duplicated execution

Data mapping

Work mapping

map, mapping

Distribute onto
coarray
DIMENSION on
[ | image index
coarray 1
coarray
[ ]
[ ]
MPI

[ | global data
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[ | local data
[ | collective
[ | distribution
distribute
[ | alignment
align
[ | shadow
( )
[ ]

local _alias
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3
XXX ... XXX XXX XXX XXX XXX XXX
XXX
XXX, ... XXX XXX, XXX XXX, XXX, XXX
XXX XXX
[F] Fortran
[C] C
Fortran I$xmp
C #pragma xmp Fortran
OpenMP HPF
stand-alone
directive directive construct
Barrier
[FI
I$xmp directive-name clause ...
statement
I$xmp end directive-name
Fortran  Loop end
I$xmp directive-name clause ...
do-loop-construct
[C]
#pragma xmp directive-name clause ...
statement
C  statement compound-statement statement
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3.1

3.1.1 Nodes

[Summary]
Nodes

[Syntax]
[FI]
1$xmp nodes /( map-type)] nodes-name ( nodes-size [, ...J)
1$xmp nodes /( map-type)] nodes-name ( nodes-size [, ...]) = *
I$xmp nodes /( map-type)] nodes-name ( nodes-size [, ...]) = nodes-ref
[C]
#pragma xmp nodes [ ( map-type)] nodes-name ( nodes-size [; ...J])
#pragma xmp nodes [ ( map-type)] nodes-name ( nodes-size [; ...]) =*
#pragma xmp nodes [/ ( map-type)] nodes-name ( nodes-size [, ...]) = nodes-ref
[ 1]
nodes-size *

map-type regular

[Restriction]

) nodes-name  class(1) class(1)
[ ]
e 1nodes-size ke
e nodes-ref nodes-name nodes-name
e 1nodes-size il nodes-size
nodes-ref
e nodes-ref nodes-subscript — “*”

[Description]
nodes-ref

nodes-size
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nodes-name

map-type
map-type regular Fortran
Fortran
sequence association
[Examples]
16
16 regular
r(l) p@3) z(1,1) 1
program main main ()
{

!'$xmp nodes p(16) #pragma xmp nodes p(l6)
!'$xmp nodes g (4, *) #pragma xmp nodes g (4, *)
!'$xmp nodes r(8)=p(3:10) #pragma xmp nodes r(8)=p(3:10)
!'$xmp nodes z(2,3)=(1:6) #pragma xmp nodes z(2,3)=(1:6)

end program }
regular regular p(1),p(2),...

1,2, ... q regular
q(1,1),9(2,1),9(3,1),q(4,1),q(1,2),... 1,2,3,4,5,... r regular
r(1) p@3) r(2) p@A) .. z regular
z(1,1),2(2,1),2(1,2),2(2,2),2(1,3),2(2,3) 1,2,3,4,5,6

16/62



XcalableMP Specification (version 0.5J)

program main

!'$xmp nodes p(16)

!'$xmp nodes (regular) g(4,*)

!'$xmp nodes (regular) r(8)=p(3:10)
!'$xmp nodes (regular) z(2,3)=(1:6)

end program

foo
16 q r

function foo ()

!'$xmp nodes p(l6)=*

!$xmp nodes g (4, *)

!'$xmp nodes r(8)=p(3:10)
!'$xmp nodes x(2,3)=qg(1:2,1:3)

end function

3.1.2

[Summary]

[Syntax]
nodes-ref node-number-ref
named-nodes-ref
® nodes-ref
node-number-ref [ named-nodes-ref
® node-number-ref

node-number [ ([ node-number] : [ node-number] [ : int-expr])
node-number

® named-nodes-ref
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nodes-name [ ( nodes-subscript|, ...]) ]
® nodes-subscript
int-expr [ triplet [ *

[Description]

triplet Fortran

nodes-subscript ok on

*

P(Si, ., Sk-1r *, Skils s Sn) s; * nodes-subscript

p(jlr e jk—ll jkl Jx+1r  wer jn) ji

Sk+lr ey Sn)

p (Sll N4

k

nodes-subscript

[Examples]
o

Sk-17 Jxs
Jx

gy

B Distribute

!$xmp distribute a(block) onto p
B Nodes
subnodes r(2,2,4) = p(1:4,1:4)

(1:16)

I Sxmp
!'$xmp subnodes r(2,2,4) =
B Task

p(1:4,1:4)
(1:16)
p(:.™)

task on m

I$xmp task on

I$xmp task on
I$xmp task on

I Sxmp

® Loop

1$xmp loop (i) on p(Ib(i):Ib(i+1)-1)
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B Barrier Reduction Bcast
1$xmp barrier on p(5:8)

1$xmp reduction (+:a) on p(*,:)

!$xmp bcast b from p(k) on p(:)

| Bcast
1$xmp bcast b from p(K) on p(:)

3.1.3
e communicator communicator
Task
e Tasks Tasks
communicator
[Example]
subroutine caller subroutine taskl (a)
!'$Sxmp nodes p(1000) !$Sxmp nodes g (*)
real a(100,100) real a(100,100)
!$xmp tasks
!$Sxmp task on p(1:500) end subroutine

call taskl (a)
!$xmp end task
!$xmp task on p(501:800)
call taskl (a)
!$xmp end task
!$xmp task on p(801:1000)
call taskl (a)
!$xmp end task

!$xmp end tasks

end do
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3.2 template

3.2.1 Template

[Summary]

[Syntax]
[F]
I1$xmp template template-name(template-spec [, template-spec]..)
template-spec
[int-expr :] int-expr
[C]
#pragma xmp template template-name(template-spec [, template-spec]..)
template-spec
[int-expr :] int-expr

] : template-spec [int-expr :] int-expr

[Description]

template-spec

template-spec

template_Tix

template-spec int-expr 1

3.2.2 Distribute

[Summary]
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[Syntax]

[F]
I1$xmp distribute template-name(dist-format [, dist-format]..)

onto nodes-name

dist-format

*

block
cyclic[(int-expr)]
gblock({*]int-array})

[C]
#pragma xmp distribute template-name(dist-format [, dist-format].)

onto nodes-name
dist-format

*

block
cyclic[(int-expr)]
gblock({*]int-array})

° To* dist-format nodes-name

o s gblock int-array

nodes-name

o : gblock int-array

: gblock int-array template-name

[Description]

dist-format onto nodes-name
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dist-format gblock(®)
template_fFix

dist-format

. *
® block
d p
ceil (d/p) d/ceil (d/p)
%ceil (d/p) 1
k =p -
d/ceil(d/p) - 1 > 0 k
® cyclic
cyclic(l)
® cyclic(n)
n
® gblock(m)
i
m 1
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1$xmp nodes p(4)

1$xmp template t(64)

I$xmp distribute t(block) onto p

t
p(1) t(1:16)
p(2) t(17:32)
p(3) t(33:48)
p(4) t(49:64)

2

1$xmp nodes p(4)

I1$xmp template t(64)

1$xmp distribute t(cyclic(8)) onto

t

S
P(2) tt((491::1468))
o |
S

3

I1$xmp nodes p(8,5)
I1$xmp template t(64,64,64)
I1$xmp distribute t(*,cyclic,block) onto

t
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p(l1,1) t(1:64, 1:57:8, 1:13)
p(2,1) t(1:64, 2:58:8, 1:13)
p(8,5) t(1:64, 8:64:8, 53:64)
t 64 p 5 t
(p(1,1) t
13 p(8,5) 12 )

3.2.3 Align

[Summary]

[Syntax]

[F]

I1$xmp align array-name(align-source [, align-source]..)

with template-name(align-subscript [, align-subscript]..)

align-source

scalar-int-variable

*

align-subscript

scalar-int-variable {+]-} int-expr

*

[C]
#pragma xmp align array-name[align-source][[align-source]]..

with template-name(align-subscript [, align-subscript]..)

align-source

scalar-int-variable

*

align-subscript
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scalar-int-variable [{+]|-} int-expr]

*

align-source scalar-int-variable

) . align-subscript 1
) :align-subscript 1

) :align-subscript int-expr

[Description]

array-name template-name
align-source align-subscript
align-source align-subscript
o align-source align-subscript
( )
o align-source align-subscript

( )

- align-source

- align-subscript

(] 1

I$XMP align a(i) with t(i)

a(i) (i)
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1$xmp align a(*,j) with t(g)

a(z.J) ta a

(] 3

1$xmp align a(j) with t(*,j)

ad) t(1,j) t(10.)) (t
10 )

(] 4

1$xmp template t(nl,n2)
real a(ml,m2)
I$xmp align a(*,j) with t(*,j)

a(z.J) t(.j) t(l,j)

a * it * K
align
{a(i,]) - t(k,3) | (i,3,k) (1:nl,1:n2,1:ml)}
o
3.2.4 Shadow
[Summary]
[Syntax]

[F]

1$xmp shadow array-name(shadow-width [, shadow-width]..)
shadow-width

int-expr

int-expr : int-expr
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[C]
#pragma xmp shadow array-name[shadow-width][[shadow-width]]..

shadow-width
int-expr

int-expr : int-expr
o . Shadow-width 0

[Description]
array-name shadow-width
int-expr : int-expr

shadow-width int-expr

3.2.5 Template_fix

[Summary]

[Syntax]

[FI]

1$xmp template fix template_name[ (template-spec [, template-spec]..)]
[.distribute (dist-format [, dist-format]..)]

template-spec

[int-expr :] int-expr

dist-format

*

block
cyclic[(int-expr)]
gblock(int-array)
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[C]

#pragma xmp template_fix ??7?

XcalableMP Specification (version 0.5J)

o : template_fix template-name
o s template_fix dist-format template-name
distribute dist-format
gblock
) : template-spec distributed
) : template_fix

[Description]

template_Fix

template Ffix

on

template Fix

distribute dist-format

28/62
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I$XMP template :: t(:)
I1$XMP distribute (gblock(*)) :: t

real , allocatable :: a(:)
I$XMP align (i) with (i) :: a

N=.; ML) = ..

ISXMP template_fix t(N), distribute (gblock(M))

allocate (a(N))

&) gblock(®) t
a t
N M template_Fix t
a

3.3

3.3.1 Task

[Summary]

[Syntax]

[FI]
I$xmp task on { nodes-ref | template-ref}
block
I1$xmp end task
[C]
#pragma xmp task on { nodes-ref | template-ref}
block

[Restriction]
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e nodes-ref template-ref

[Description]

nodes-ref template-ref block
nodes-ref  template-ref  Task Tasks
Tasks Tasks
3.3.2 Tasks
[Summary]
Task
[Syntax]

[F]
I$xmp tasks [ nowait ]

task-directive-construct

I$xmp end tasks
[C]
#pragma xmp tasks [ nowait ]

{

task-directive-construct

[Description]

Task task-directive-construct Task
Task Task nodes-ref  template-ref
Tasks
Tasks nowait

30/62
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e nowait

nowait

MPI

e Tasks

Task

XcalableMP Specification (version 0.5J)

Gmove

Barrier

Task

communicator

e Tasks

[Example]

Tasks

communicator

communicator
Task

! $xmp

! $xmp

! $xmp

! $xmp
! $xmp

! $xmp
! $xmp

I $xmp
! $xmp

subroutine caller
nodes p(1000)
real a(100,100)

tasks

task on p(1:500)
call taskl (a)

end task

task on p(501:800)
call taskl (a)

end task

task on p(801:1000)
call taskl (a)

end task

end tasks

end do

subroutine taskl (a)
!$Sxmp nodes g (*)
real a(100,100)

end subroutine
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3.3.3 Loop

[Summary]

[Syntax]
[FI]

1$xmp loop [(loop-index [, loop-index] ..)] on on-ref [ reduction-ref ]

[C]
#pragma xmp loop [ ( loop-index [, loop-index ] .. ) ] on on-ref

[ reduction-ref ]

on-ref
template-ref

nodes-ref

reduction-ref

reduction ( reduction-kind : reduction-spec [, .. ] )

reduction-kind
+
*
MAX
MIN
FIRSTMAX
FIRSTMIN
LASTMAX
LASTMIN

reduction-spec

reduction-variable [ / location-variable [, .71 7 ]

L loop-index
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L loop-index

L template-ref template-spec * : loop-index
loop-index

L nodes-ref loop-index

[ ] Loop on-ref

L loop-index

L reduction-ref

[ ] reduction-kind FIRST (LAST)MAX (MIN)

reduction-spec location-variable

(] location-variable

(] reduction-variable

L reduction-variable location-variable

reduction-ref

[Description]

on-ref template-ref template loop-index

template template-spec *

template-spec
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on-ref nodes-ref loop-index

loop-index

reduction-kind + * max min reduction-ref
template-ref Loop Loop reduction-ref
template-ref : *
* template-ref Reduction

1$xmp loop (J) on t(:,j) reducion(...)
do j = Js, je

Reduction

I$xmp loop (J) on t(:,]J)
do j = js, je

end do

end do

I$xmp reducion(...) on t(*,js:je)
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1$xmp distribute t(block) onto p

I$xmp align (i) with (i) ::

1$xmp loop on t(i)

a, b

doi =1, N
a(i) = 1.0
b(i) = a(i)

end do

t
Task

1$xmp distribute t(block) onto p

I$xmp align (i) with t(i) ::

doi =1, N
I$xmp task on t(i)
a(i) = 1.0
b(i) = a(i)
I1$xmp end task

end do

a, b
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1$xmp loop (§) on t(*,j)
do j =

1
=
o

I$xmp distribute t(*,block) onto p
I$xmp align (*,j) with t(*,j) ::

a, b

Task

I1$xmp distribute t(*,block) onto p
a, b

I$xmp align (*,j) with t(*,j) ::

do j =1, M
I$xmp task on t(*,j)

I1$xmp end task

end do
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I1$xmp distribute t(block,block) onto p
I$xmp align (i,j) with t(i,j) ::

1$xmp loop (i,J) on t(i,j)

doj =1, M
doi =1, N
a(i,j) = 1.0
b(i,3) = a(i,j)
end do
end do

a, b

loop-index

Loop

template-ref

I1$xmp distribute t(block,block) onto p
I1$xmp align (i,jJ) with t(i,j) ::

1$xmp loop (J) on t(:,j})
doj=1, M

1$xmp loop (i) on t(i,j)

doi =1, N
a(i,j) = 1.0
b(i,3) = a(i,j)

end do

end do

a, b
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1$xmp nodes p(10,3)

1$xmp loop on p(:,i)
1, 3

call subtask ( i )
end do

do i =

i p(,i)

Task Tasks/Task

10

1$xmp nodes p(10,3)
doi=1, 3
task on p(:,i)

call subtask ( i )
end task

1$xmp

1$xmp
end do

tasks

task on p(:,1)
call subtask ( 1)
end task

task on p(:,2)
call subtask ( 2 )
end task

task on p(:,3)
call subtask ( 3 )
end task

1$xmp
1$xmp

1$xmp
1$xmp

1$xmp
1$xmp

1$xmp

1$xmp end tasks
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1$xmp

1b(1)
iub(1)
1b(2)
iub(2)
1b(3) 26
iub(3) = 50
loop (i) on p(Ib(i):iub(i))
do 1 1, 3

call subtask ( i )
end do

=1

10
11
25

Task

Tasks/Task

1$xmp

1$xmp

1$xmp

1$xmp

1$xmp
1$xmp

1$xmp
1$xmp

1$xmp
1$xmp

do i 1, 3

task on p(Ib(i):iub(i))
call subtask (i)

end task

end do

tasks

task on p(1:10)
call subtask (1)
end task

task on p(11:25)
call subtask ( 2 )
end task

task on p(26:50)
call subtask ( 3 )
end task

end tasks
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reduction-ref

s = 0.0
I$xmp loop (i) on t(i) reduction(+:s)
doi =1, N
s = s + a(i)
end do
s
s
Reduction
s = 0.0
1$xmp loop (i) on t(i)
doi =1, N

s = s + a(i)

end do

I1$xmp reduction(+:s) on t(l:n)
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°
amax = -1.0e30
ip = -1
ip = -1
1$xmp loop (i,j) on t(i,J) reduction(Firstmax:amax/ip,jp/)
do j =1, M
doi =1, N
if( a(i,j) -gt. amax ) then
amax = a(i,j)
ip=1i
irp =1
end if
end do
end do
amax a(i,j) reduction-ref
amax
firstmax
Reduction
3.3.4 Array
[Summary]
[Syntax]
[FI]

I1$xmp array on template-ref

[C]

[ template-spec
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L template-spec

[Description]
Fortran

1$xmp distribute t(block) onto p
I$xmp align (i) with (i) :: a

I$xmp array on t(1:N)
a(l:N) = 1.0

Loop

I$xmp distribute t(block) onto p
I1$xmp align (i) with t(i) :: a

1$xmp loop on t(i)
doi =1, N
a(i) = 1.0
end do

1$xmp template t(100,20)

1$xmp distribute t(block,block) onto p
dimension a(100,20)

1$xmp align a(i,j) with t(i,j)

I$xmp array on t
a=1.0
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Loop

I1$xmp template t(100,20)

I1$xmp distribute t(block,block) onto p
dimension a(100,20)

I1$xmp align a(i,j) with t(i,j)

1$xmp loop (i,j) on t(i,j)

do j =1, 20
doi1 =1, 100
a(i,j) = 1.0
end do
end do
3.4
3.4.1 Reflect
[Summary]
[Syntax]

[F]

1$xmp reflect array-name [, array-name]..

[C]

#pragma xmp reflect array-name [, array-name]..

[Description]
array-name

3.4.2 Barrier

[Summary]

[Syntax]
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[F]

I1$xmp barrier [on nodes-ref|template-ref]

[C]

#pragma xmp barrier [on nodes-ref]template-ref]

[Description]
on

3.4.3 reduction

[Summary]

[Syntax]
[F]
1$xmp reduction(reduction-kind : variable [, variable].)
[on nodes-ref]template-ref]

reduction-kind + * _AND. .OR. L.EQV. _NEQV. MAX MIN
IAND IOR 1EOR

[C]
#pragma xmp reduction(reduction-kind : variable [, variable]..))
[on nodes-ref]template-ref]

reduction-kind + * - & | N && || max min
variable
° : on
( T ) nodes-name

44/62



XcalableMP Specification (version 0.5J)

) : on subscript-triplet

node-subscript N
- T distribute N

*

- align T
align-subscript *

) : reduction reduction

[Description]

on reduction-kind

I1$xmp reduction(+:s)

I1$xmp reduction(max:aa) on t(*,:)

I1$xmp reduction(min:bb) on p(10:30)

2 templatet 2
aa

3 p(10:30) bb
Task
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I$xmp task on p(10:30)
I1$xmp reduction(min:bb)

I1$xmp end task

dimension a(n,n), p(n), w( )
I1$xmp align a(i,j) with t(i,j)
I1$xmp align p(i) with t(i,*)
I1$xmp align w(j) with t(*,j)

1$xmp loop () on t(:,]})
do jJ =1, n
sum = 0O
1$xmp loop (i) on t(i,j) reduction(+:sum)
doi =1, n
sum = sum + a(i,j) * p(i)
end do
w(j) = sum

end do

Loop reduction
Reduction
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1$xmp
1$xmp
1$xmp

1$xmp

1$xmp

1$xmp

dimension a(n,n), p(n), w( )
align a(i,j) with t(i,j)
align p(i) with t(i,*)

align w(@) with t(*,j)

loop () on t(:.j)
do jJ =1, n
sum 0
loop (i) on t(i,j})
doi =1, n

sum
end do

reduction(+:sum) on t(l:n,j)
w(j) = sum

end do

sum + a(i,j) * p(i)

sum
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dimension a(n,n), p(n), w( )
I1$xmp align a(i,j) with t(i,j)
I$xmp align p(i) with t(i,*)
I1$xmp align w(@) with t(*,j)

1$xmp loop () on t(:,]j)
do jJ =1, n
sum = 0O
1$xmp loop (i) on t(i,j)
do i1 =1, n
sum = sum + a(i,j) * p(i)
end do
w(J) = sum
end do

I1$xmp reduction(+:w) on t(l:n,*)

3.4.4 Dbcast

[Summary]

[Syntax]
[FI]

1$xmp bcast variable [, variable].. [from nodes-ref]

[on nodes-ref|template-ref]

[C]

#pragma xmp bcast variable [, variable].. [from nodes-ref]

[on nodes-ref|template-ref]

variable
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nodes-name ( N )
) :on subscript-triplet
node-subscript N
- T distribute N
*
- align T
align-subscript *
° : bcast bcast
() : From on

[Description]

from ( ) variable
on
variable
from
3.45 Gmove
[Summary]
[Syntax]

[F]

I1$xmp gmove [in | out]

[C]

#pragma xmp gmove [in | out]

49/62



XcalableMP Specification (version 0.5J)

[Description]

(array section)
(array section)

XcalableMP C

®
sl =s2 1s1,s2
a(3) =b(i, j) la,b

®
a=b la,b
a(1:10) = b(n:n+9, k)
a(1:10) =s2 !

a(1:10) = b(i, j) !

gmove node-set

in out

in, out

in remote copy
(get )

out remote copy
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(put )
in out
implicit in out
remote copy
explicit
barrier post-wait
|
all-to-all
multicast Array
I $xmp gmove #pragma xmp gmove
a(:,1:N) = b(:,3,0:N-1) af[l:N][:] = b[O0:N=-1]1[311[:1;
Array
I Sxmp gmove #pragma xmp gmove
a(:,1:N) = c(k) al[l:N][:] = c[k];
!Sxmp nodes p (4)
real a(4),b(4)
!$xmp distribute (block) onto p :: a,b
!$xmp task on p(l:2) ' p(1),p(2)
!$Sxmp gmove in ! a(l)€b(2)
a(l:2)=b(2:3) ! a(2)€b(3)
!
!$Sxmp end task
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3.5
XcalableMP coarray
Coarray Fortran coarray
3.5.1 Coarray
coarray XcalableMP
on on nodes-ref nodes-ref
coarray on
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1$xmp nodes w(50)

real wa(100)[*]

tasks

task on w(1:30)
call taskl ( wa )
end task

task on w(31:50)
call task2 ( wa )
end task

1$xmp
1$xmp

1$xmp
1$xmp

1$xmp
I1$xmp end tasks

subroutine taskl ( aa )
nodes w(50)

nodes p(30) = *

real aa(100)[*] on w
real b(100)[*]

1$xmp
1$xmp

subroutine task2 ( aa )
nodes w(50)

nodes p(20) = *

real aa(100)[*] on w
real c(100)[*]

1$xmp
1$xmp

coarray wa

aa

coarray
c taskl

aa coarray on
wa
task?2

p w(1:30)

coarry b
w(31:50)
task2

taskl coarray ¢
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I1$xmp nodes w1(200)
real one(100)[*]
real two(50)[20,*]

200

one(...)[i+(j-1)*20]

Coarray Fortran

coarray

coarray one two
two(...)[ij]

I1$xmp nodes w2(20,10)
real one(100)[*]
real two(50)[20,*]

1$xmp nodes w3(10,5,4)
real one(100)[*]
real two(50)[20,*]
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°
I1$xmp nodes w1(200)
1$xmp nodes w2(20,10)
real one(100)[*]
real two(50)[20,*]
real ichi(100)[*] on w2
real ni(50)[20,*] on w2
coarray
one(...)[i] one(...)[i+1]
two(...)[i,j] two(...)[i+1,j]
Coarray Fortran XcalableMP
Coarray Fortran
wil
w2 coarray one two
wl one(...)[i+(j-1)*20]
two(...)[i,j] coarray ichi ni
w2 ichi(...)[i+(j-1)*20] ni(...)[i,j]
one(...)[i] ichi(...)[i] two(...)[i,j] ni(...)[i,j]
Coarray Fortran
3.5.2 -
[Summary]
[Syntax]
[FI]

1$xmp local _alias local-array-name to global-array-name

[C]

#pragma xmp local _alias local-array-name to glob al-array-name

o : local-array-name align

° : global-array-name align
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) : local-array-name global-array-name
® [F] : local-array-name
e [C] . ocal-array-name

— :C

[Description]

local-array-name global-array-name

local-array-name coarray

(] 1

I1$xmp nodes n(4)
1$xmp template :: t (100)
I$xmp distribute (cyclic) onto n :: t

real :: a (100)
1$xmp align (i) with t(i) :: a
1$xmp shadow (1) :: a

real :: b(0:)
I1$xmp local_alias to a :: b

n(2) 25 (a(2:100:4)) 1
b 0
n(2) b 27 (b(0:26)) a b
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N
w [N ([ |O |T

10

98 25
26

1$xmp
1$xmp
1$xmp

1$xmp

1$xmp

1$xmp

nodes n(4)
template :: t(:)
distribute (block) onton :: t

a(:)

- a

real , allocatable :
align (1) with t(i)

real :: b(:)[*]

local _alias toa :: b

template_fix :: t(128)
allocate (a(128))

if (me < 4) b(4) = b(d)[me +1]

allocate a b

b  coarray coarray

3.5.3 Post Wait
3.5.4 Critical
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4

5

5.1 Coarray
52 C

6

xmp_get_node_num()

xmp_get_num_nodes()
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6.1

6.2 -

[Summary]

[Syntax]
[FI]

1$xmp local _alias local-array-name to global-array-name

[C]

#pragma xmp local _alias local-array-name to global-array-name

o : local-array-name align
° : global-array-name align
) : local-array-name global-array-name
® [F] : local-array-name
e [C] . ocal-array-name
- :C

[Description]

local-array-name global-array-name
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local-array-name coarray

I1$xmp nodes n(4)
I$xmp template :: t (100)
I$xmp distribute (cyclic) onton :: t

real :: a (100)
I1$xmp align (i) with t(i) :: a
I1$xmp shadow (1) :: a

real -: b(0:)

I1$xmp local_alias to a :: b
n(2) 25 (a(2:100:4)) 1
b 0
n(2) b 27 (b(0:26)) a b
a b
0
2 1
6 2
10 3
98 25
26
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1$xmp
1$xmp
1$xmp

1$xmp

1$xmp

1$xmp

nodes n(4)

template :: t(:)

distribute (block) onton :: t
real , allocatable :: a(:)
align (1) with t(i) :: a

real -: b(:)[*]

local _alias toa :: b

template_fix :: t(128)
allocate (a(128))

if (ne < 4) b(4) = b(d)[me +1]

7

8

8.1 Coarray
82 C

9

b

allocate a

coarray coarray

xmp_get_node_num()

xmp_get_num_nodes()

10

10.1 MPI

10.2 OpenMP

11

111 ScalLAPACK
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