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HC HPF (1/2)
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|

HPF

(2/2)

|

a(1)

b(1) . cgﬂm

n 012

id=0 1 2 1“
\

n=100

a(1)=0.0

b(1)=c(100)+1.0

n=100
iIT (1d.eq.0) a(1)=0.0
1T (1d.eqg-2) c(100)
iIT (1d.eq.0) then

tmp

b(1)=tmp+1.0
endif

(C) HPFPC and FUJITSU Ltd. 2007

|

16C

Sgfrerma mmbALTIer

HPF

|
|

integer a(100) ~

. do 1=1,100
- a(@) = 1**2
- end do

cwrite(*,*) a
vend

THPF$ DISTRIBUTE a(BLOCK)
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P(1) P(2)
150 51:100

a( ) as ?
tmp
|
do 1=1,50 do 1=51,100

a(i) = 1**2 a(i) = 1**2
end do end do

tmp(1:50)=a(1:50)

tmp(51:100) = a(51:100)
write(s,*) tmp
end end
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1C HPF

(1) Fortran

(2) HPF
- OK

(3) (2)
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DISTRIBUTE
PROCESSORS
INDEPENDENT
ON

m 4.1

= NEW

o 4.2
. REDUCTION
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THPF$ DISTRIBUTE a(BLOCK)

= Fortran

- free source form
IHPF$ DISTRIBUTE &
THPF$ a(BLOCK)
g

- fixed source form

IHPF$ DISTRIBUTE
IHPF$*  a(BLOCK)
« “THPFS$”
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DISTRIBUTE

1 integer a(100)
2 | THPF$ DISTRIBUTE a(BLOCK)
3 . block
4 do 1=1,100 )
5 a(i) = i**2
6 end do
y
8 write(**,*) a
9 end
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HIC DISTRIBUTE
IHPF$ DISTRIBUTE a(< >, ..0)
IHPF$ DISTRIBUTE (< >.):mab, ..
a b
< > BLOCK CYCLIC
| *
4
a(100,200)

real a(100,200),b(100,200)
THPF$ DISTRIBUTE a(*,BLOCK)
THPF$ DISTRIBUTE b(BLOCK,*)

ingeger ,dimension(10,50,5) :: a,b b(100,200)
'HPF$ DISTRIBUTE (*,CYCLIC,*) :: a,b
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Hic (1/2)

= DISTRIBUTE a(BLOCK)

- W . w = ceil (N/P)
0
= DISTRIBUTE a(CYCLIC)
[+<~P—
8]
= DISTRIBUTE a(CYCLIC(w)) : block-cyclic
€ p »
cwe ] w:
[6]7]8]
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= hpf$ distribute a(GEN_BLOCK(Q)) : block
() —r 9(2) - 9(3)— g:

gk): k

= 'hpf$ distriubte a(INDIRECT(m)) :

p=m(l) m:
p:
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integer a(100)
THPF$ DISTRIBUTE a(BLOCK)

do 1=1,100
a(il) = 1**2
end do

block

write(™,*) a
end

integer a(100)
THPF$ PROCESSORS p(2)
IHPF$ DISTRIBUTE a(BLOCK) ONTO p

do 1=1,100
a(l) = 1**2
end do

write(*,*) a
end
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,7.{) 'PROCESSORS
ez DISTRIBUTE

(e)

IHPF$ PROCESSORS p(Nn, , ..., Ny), ...

p
N, X ... XNy N

IHPF$ DISTRIBUTE a(< >, ..) ONTO p

IHPF$ DISTRIBUTE (< > ..)ONTOp:a,b, ..

e(100,200)

THPF$ PROCESSORS proc(8),p2(2,4)

real e(100,200),f(100,200)
IHPF$ DISTRIBUTE e(*,BLOCK) ONTO proc
THPF$ DISTRIBUTE f(BLOCK,BLOCK) ONTO p2

£(100,200)
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2
a(1:50) a(51:100)
— —
1 integer a(lOO)%S:j/
2 | THPF$ DISTRIBUTE a(BLOCK)
3
4 do 1=1,100
5 a(i) = 1**2
6 end do
7 "
8 write(*,*) a m
9 end

19 (C) HPFPC and FUJITSU Ltd. 2007

Hic or

e e

|
|
= INDEPENDENT
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IHPF$ INDEPENDENT [, < 3] ...
< > NEW REDUCTION

DO

INDEPENDENT
do 1=1,100

a(l) = 1**2
end do

IHPF$

write(*,*) a
end

=
oo ~NOUITR~WNE
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integer a(100)
THPF$ DISTRIBUTE a(BLOCK)

(C) HPFPC and FUJITSU Ltd. 2007

fC|

(1/3)

oldo 1=...
o a(i)=a(i)+1.0
b(i)=a(i)
enddo
€))
o do 1=...
b(i)=a(i-1)+a(i)
- (0) enddo
- . (b)
do !:1,5(_) ) do !:51,;00 ] T
a(i)=a(i-1)+a a(i)=a(i-1+a > = ..
engag (1=Hra® engég (1=Hrad a(D=a(i-1D+a(i)
endda_ /
. . ©
I =50 1=51
a(50) == 50 o[do i=._.

22

c(i,)=c(i-1,2)
enddo

(d)
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Hic (2/3)

do 1=...

a(ix(i))=. ..
= (h) enddo

vy
= O a do i=. ..

call subx(a,i1)
enddo

0

S
INDEPENDENT
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Hic (3/3)

x do 1=...
1IT(...) goto 99
enddo
99 ...

(k)
= STOP EXIT
do k=...
do j=...
[ ] o do 1=.
- —d(l )
- d(i (J), k)—
enddo
enddo

enddo

X 0

()
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2

a(1:50)

a(51:100)

integer a(lOO)%E:jl

IHPF$ DISTRIBUTE a(BLOCK)

do 1=1,100
a(i) = 1**2
end do

write(™,*) a
end

©CoO~NOUIdWN P

25

(C) HPFPC and FUJITSU Ltd. 2007

real a(100)
THPF$ DISTRIBUTE a(block)

do 1=1,80
a(n)=1**2
enddo
X O
do 1=1,40 do 1=41,80
a(n)=1**2 a(n)=1**2
enddo enddo
a(41:50) a(41:50)

26

2

a(1:50) a(51:100)

— —
do 1=1,50 do 1=51,80
a(n)=1**2 a(n)=1**2
enddo enddo
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= “Owner Computes” Rule

= ON

= “Owner Computes” Rule
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@) )
DO
- 1
IHPF$ ON HOME(< >)
IHPF$ ON HOME(< >) BEGIN
<D0 >
IHPF$ END ON
a
a(i)
IHPF$ INDEPENDENT
do 1=1,100
THPF$ ON HOME(a(i)) BEGIN
a(l) = 1**2
IHPF$ END ON
end do
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- >
DIMENSION (100) :: a,b,c 1 50 51 100
IHPF$ DISTRIBUTE (BLOCK) :: a,b,c | e =
&) I
1HPF$ INDEPENDENT
do i=1,99 p(1) p(2)
a(1)=b(i+1)+c(i1+1)
end do
ON HOME(a(i)) ON HOME(b(i+1))
= do i=1,50 = do i=1,49
= do i=51,99 = do i=50,99
= a(i) = b(i+1), c(i+1)
=p(l) b(51), c(51) > =p(2)  a(50) >
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DISTRIBUTE INDEPENDENT ON HOME
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= HPF 3.1
n 3.2
. DISTRIBUTE
. PROCESSORS
. INDEPENDENT
. ON
g | 41
= NEW
n 4.2
. REDUCTION
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|
|
|
|
2
real a(100),s
IHPF$ DISTRIBUTE a(block) a(1:50) a(51:100)
— —
SH SH
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(1/2)

2

s=1.0
a(l)=s+1.0
a(b1)=s+2.0
s=a(1)*2

real a(100),s
ITHPF$ DISTRIBUTE a(block)

oadcast s

real a(1:50),s real a(51:100),s

Ly a(ij():@l-l-o
{@;a(l)*z

@:1 .0
a(51)%s}2.0

~®

33
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(2/2)

[ |
|
|
do i=... do i= do i=...
tmp=a(i-1)+a(i) N Tl - - asum=asum+a(i)
b(i)=tmp e;ggé--) rfound=1 if(a(i)>ax) ax=a(i)
enddo enddo
(e) ® (9)
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HIC| INDEPENDENT

NEW

fe)

NEW
IHPF$ INDEPENDENT [, < ] ...
< > NEW REDUCTION

NEW NEW(v,, V,, ...)
V; V, NEW

[

THPF$ INDEPENDENT ,NEW(K,tmp, )
do 1=m,n
k=1+1
do j=k,n
tmp=a(i-1,j)+a(i,j)
b(k)=b(k)+tmp

enddo NEW
enddo
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= HPF 3.1
n 3.2

. DISTRIBUTE

. PROCESSORS

. INDEPENDENT

n ON
n 4.1

= NEW

o 4.2
g . REDUCTION
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asum=0.0

asum=asum-+a(1)
asum=asum-+a(2)
asum=asum+a(3)
asum=asum-+a(4)
asum=asum+a(5)
asum=asum-+a(6)
asum=asum-+a(7)
asum=asum-+a(8)

asum=0.0

asum=asum-+a(1)
asum=asum-+a(2)
asum=asum-+a(3)
asum=asum-+a(4)

asum=0.0

asum=asum-+a(5)
asum=asum-+a(6)
asum=asum-+a(7)
asum=asum+a(8)

| asum=(asum

) |
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= input: a(n), n, a0
» output: a0O+={a(i) | i=1,...,n}

RPOOWOLO~NOOOITRWNE

=

asum=a0

THPF$ INDEPENDENT ,REDUCTION(asum)
do 1=1,n
asum=asum+a(1)
end do
return
end

L
T

real function asum(a,n,a0)
real a(n),a0
IHPF$ DISTRIBUTE a(CYCLIC)

38

INDEPENDENT
REDUCTION

4

|
|
o

.
|
.
.

reduction
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IHPF$ INDEPENDENT [, < 5] ...
< > NEW REDUCTION
REDUCTION
REDUCTION([ < >:]r,r,, .0)
REDUCTION(< 2:r, /iy, 115, ...7, )i
< D> + * _AND. .OR. .EQV. .NEQV.

MAX MIN IAND IOR IEOR
< 2> FIRSTMAX FIRSTMIN LASTMAX
LASTMIN
rn r;
PER PP

~ INDEPENDENT REDUCTION
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HC REDUCTION

M HPF2.0
REDUCTION(asum, amax)

r exp r
= =71 0p exp r=expopr
op + * .AND. .OR. .EQV. .NEQV.
« I = F(r, exp) r= f(exp,r)

f  MAX MIN IAND IOR IEOR
amax = MAX(amax, a(i))
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HC REDUCTION

a
= damax a

parameter(m=100)
real a(m)
IHPF$ DISTRIBUTE a(BLOCK)

aamax = -1.0
THPF$ INDEPENDENT, REDUCTION(aamax)
do 1=1,m
aamax = max( aamax, abs(a(i)) )
end do

OO ~NOOOTPA~,WNPE
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HC REDUCTION

M HPF/JA
REDUCTION(+:asum, MAX:amax)

« + * _AND. .OR. .EQV. .NEQV. MAX MIN IAND IOR
IEOR

OpenMP
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HC REDUCTION

a
= ddmax a
1 parameter (m=100)
2 real a(m)
3 | THPF$ DISTRIBUTE a(BLOCK)
4
5 aamax = -1.0
6 | THPF$ INDEPENDENT, REDUCTION(MAX:aamax)
7 do 1=1,m
8 iIT ( aamax < abs(a(i1)) ) then
9 aamax = abs(a(i))
10 end if
11 end do
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HC/REDUCTION
L HPF/JA
REDUCTION(FIRSTMAX:amax/i,j/)

= MAX, MIN
« FIRSTMAX, FIRSTMIN, LASTMAX, LASTMIN

a(M,N)
(i.J)

« FIRST-  LAST-
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HC REDUCTION

a
= aamax a
= il aamax index
= al a(il) aamax = abs(al)

1 parameter(m=100)

2 real a(m)

3| THPF$ DISTRIBUTE a(BLOCK)

5 aamax =(-1.0) -

6| YTHPF$ INDEPENDENT, m FIRSTMAX:aamax/il,al/)
7 do 1=1,m . A

8 if ( aamax(<)abs(a(i)) ) then

9 i1=1i

10 al = a(il) —

11 aamax = abs(al) -1.0, "<= LASTMAX
12 end if huge(a), “>" FIRSTMIN
13 end do huge(a), “>=" LASTMIN
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= HPF 3.1
8 3.2
. DISTRIBUTE
. PROCESSORS
. INDEPENDENT
. ON
m 4.1
= NEW
o 4.2
. REDUCTION
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©
FU]]TSU THE POSSIBILITIES ARE INFINITE

HPF High Performance Fortran

2007 7 27
a7 (C) HPFPC and FUJITSU Ltd. 2007

g [ ] 43

n 5.1

n 5.2

n 5.3

= EXTRINSIC
n 54
= HPF 5.5
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HIC HPF

|
DISTRIBUTE | INDEPENDENT
(+PROCESSORS) | (+REDUCTION) ON HOME
|
|
|
. ON HOME
. >
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HC| (1/2)

ey |

n C=AxB

= Input: [m, ] A, [l, n] B; m, n, |

= Output: [m, n] C

= A B,C block

4 00000

1 subroutine mmul(A,B,C,m,n, 1) n
2 real A(m,1),B(1,n),C(m,n) B~
3 | 1HPF$ DISTRIBUTE (*,BLOCK) :: A,B,C [ kl
4 |
5 C=0.0 .
6 do j=1,n /rj K
7 do i=1,m C
8 do k=1, I A= =
9 CCi, D=C(i,D+A(I,k)*B(k,j) [ k|,
10 end do [r——— il
11 end do m
12 end do \
13 return
14 end /

Cj = Zaik by;
k
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e =)
||
. A
>
4

1 subroutine mmul(A,B,C,m,n,1) | n

2 real A(m,0),B(1,1),C(m,I) B Cij’— _jjt?>

3 [ i

4 v i

5 C=0.0 \‘: !

7 do 1=1,m

8 do k=1, 1 A VT ¢ L

9 CCi,1D)=C(i,D+A(I,k)*B(k,1) [' KL, |
10 end do : ] ili i
11 end do m i : i
12 \\i L |
13 return T / e
14 end

51
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O©CoOoO~NOOTh,WNPRF

THPF$

subroutine mmul(A,B,C,m,n, )
real A(m,1),B(1,n),C(m,n)
DISTRIBUTE (*,BLOCK) :: B,C

C=0.0 \‘

do j=1,n ;

do i=1,m U :] I C i
do k=1,1 N ”

CCiL,1D)=CA,1D+A,K)*B(K, 1)

end do [: :]

end do
end do
return
end

|
/
%:a « by
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53

||
- 1 broadcast
| |
a(1:100) a(1:100) a(1:100) a(1:100)

(76:10)
-
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54

Spfmomst oAy
m C
|
1 subroutine mmul(A,B,C,m,n, 1)
2 real A(m,1),B(1,n),C(m,n) n
3 | THPF$ DISTRIBUTE A(*,BLOCK) B ///’] S
4 | "HPF$ DISTRIBUTE B(BLOCK,*)
5 [
6 C=0.0
-
8 do k=1,1 A //—I—\\ _
9 —J>
10 do j=1,n
11 do i=1,m /i .
12 C(i, =C(i. +AC . *B(K.1) m l 'l
13 end do \\
14 end do
15 end do
16 return
17 end
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B
| |
A,B,C 2 A C
- A
B
A B,C 2
. A C
- A
A/B 2/1 C
« C B
= C
A C
| |
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- 4.3

o 5.3

= EXTRINSIC
m 5.4
= HPF 5.5
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program main

IHPF$ INDEPENDENT

IHPF$ INDEPENDENT

end program

callﬂ\\

subroutine subl

;

THPF$ INDEPENDENT

™~ return .
end subroutine
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m|
_ SPMD Fortran, MPI
Fortran
| |
" HPF
n Fortran
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EXTRINSIC

HPF

5.1

4.3

5.2

5.3

59

5.4
5.5
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program main

THPF$ INDEPENDENT

THPF$ INDEPENDENT

end program

caII“\\

/

™~ return

subroutine subl

THPF$ INDEPENDENT

end subroutine

60
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subroutine subO _7 subroutine subl(y)

common /aaa/a common /aaa/x
1HPF$ DISTRIBUTE a .. 1HPF$ DISTRIBUTE x ..

1HPF$ DISTRIBU'IV IHPF$ DISTRIBUTE v ..

call subl(b)fx‘\§‘\\\

T ———return
end subroutine

end subroutine

= COMMON
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real x(n1,m),y(m,n2),z(nl,n2)
THPF$ DISTRIBUTE (*,BLOCK) :: y,z

call mmul(x,y,z,nl,n2,m)

subroutine mmul(a,b,c,m,n, )
real a(m,1),b(1,n),c(m, n)
THPF$ DISTRIBUTE (* BLOCK) - b,c

c=0.0

do j=1,n

do |-1 m
do k= 1 1

C(iaj)=C(i,j)+a(i,k)*b(k,j)

return
end
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real x(n1,m),y(m,n2),z(nl,n2)

THPF$ DISTRIBUTE (*,BLOCK) :: X,y,z

call mmul(x,y,z,nl1,n2,m)

a(m,l)
X—>a a—>Xx

subroutine mmul(é,b,c,m,n,l)
real a(m,D),b(l,n),c(m,n)
THPF$ DISTRIBUTE (*,BLOCK) :: b,c

63

Yy
X
z
X&a
b
a

-
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HC| F90

(a) INTERFACE (b) (c)
subroutine yyy module mmm subroutine yyy
contains
interface subroutine xxx call xxx
subroutine XXX
_ contains
end subroutine end subroutine subroutine xxx
end interface end module

subroutine yyy

end subroutine

end subroutine

call xxx
_ use mmm
end subroutine
subroutine XXX
call xxx
end subroutine end subroutine
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real x(nl1,m),y(m,n2),z(nl,n2)
THPF$ DISTRIBUTE (BLOCK,*) :: X,y,z
interface
subroutine mmul(a,b,c,m,n,l)
real A(m,1),B(1,n),C(m,n)
IHPF$ DISTRIBUTE (*,BLOCK) :: b,c
end interface

call mmul(x,y,z,nl,n2,m)

subroutine mmul(a,b,c,m,n,l)
real a(m,D),b(l,n),c(m,n)
DISTRIBUTE (*,BLOCK) :: b,c
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subroutine subl1

distribute (*,*,block) distribute (*,*,block)
tﬁﬁﬁ::::::: subroutine sub2
4

call subl distribute (*,*,block)
call sub2

| subroutine sub3

call sub3
D —— distribute (*,block,*)
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EXTRINSIC

HPF

5.1

4.3

5.2

5.3

5.4
5.5
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program main

IHPF$ INDEPENDENT

THPF$ INDEPENDENT

end program
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= Fortran
|
= HPF
= EXTRINSIC
. HPF Fortran
) )
Fortran
EXTRINSIC(< > < >) SUBROUTINE ...
EXTRINSIC(< >, < >) FUNCTION ...
EXTRINSIC(< > < >) MODULE ...
< > '"HPF' 'FORTRAN'
< > 'GLOBAL' 'LOCAL' 'SERIAL'

('HPF', 'GLOBAL")
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HPF

real a(2,n), c(n)
THPF$ DISTRIBUTE a(*,BLOCK)
THPF$ DISTRIBUTE c(BLOCK)

interface

real x(2),r
end subroutine
end interface

'HPF$ INDEPENDENT
do 1=1,n

call foolocal(a(:,1),c(1))
enddo

EXTRINSIC("Fortran®, "LOCAL") subroutine foolocal(x,r)

real x(2),r
r = sqre(x(1)**2 + x(2)**2)
return

70

EXTRINSIC(*Fortran®, "LOCAL") subroutine foolocal(x,r)
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&

n 4.3
n 51
n 52
n 5.3
= EXTRINSIC
@ - 54
s HPF 5.5
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- Fortran
™ a(l) a(2)
||
= EQUIVALENCE
= COMMON
. a(*)
| |
. Fortran
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- 4.3
n 5.1
- 5.2
n 5.3

= EXTRINSIC
n 54
= HPF 55
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block

HPF

COMMON

INDEPENDENT REDUCTON

ON HOME
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EXTRINSIC

HPF

5.1

4.3

5.2

5.3

5.4
5.5
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