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HPF
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implicit real(8)(a-h,0-z)
parameter ( n=15360)
real(8) a(n,n),b(n,n),c(n,n)
real(4) etime,cpl(2),cp2(2),t1,t2,t3
doj=1,n
doi=1,n
a(i,j) =0.0d0
b(i,j) = n+1-max(i,j)
c(i,j) = n+1-max(i,j)
enddo
enddo
write(6,50) ' Matrix Size =',n
50 format(1x,a,i5)
tl=etime(cpl)
doj=1,n
do k=1,n
doi=1,n
a(i,j)=a(i.j)+b(i.k)*c(k,j)
end do
end do
end do
t2=etime(cp2)
t3=cp2(1)-cpl(l)

write(6,60) ' Execution Time =',t2,' sec',” A(n,n) =",a(n,n)

60 format(1x,a,f10.3,a,1x,a,d24.15)
stop
end
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SX-ACE 1core

Matrix Size = 15360

Execution Time = 114.876 sec A(n,n) =
*Akkkk  Program Information ******
Real Time (sec) : 114.830190
User Time (sec) 114.820321
Sys Time (sec) 0.005606
Vector Time (sec) 114.820061
Inst. Count 56231275741
V. Inst. Count 35849130439
V. Element Count 9175961813328
V. Load Element Count 170106224680
FLOP Count 7247757312103
MOPS 80093.348273
MFLOPS 63122.601026
A. V. Length 255.960513
V. Op. Ratio (%) 99.778367
Memory Size (MB) 5568.031250
MIPS 489.732786
I-Cache (sec) 0.000232
0-Cache (sec) 0.000377
Bank Conflict Time

CPU Port Conf. (sec) 0.000000

Memory Network Conf. (sec) 1.095781
ADB Hit Element Ratio (%) 0.000000

core

114.8

0.153600000000000D+05



| MPI

140.0
120.0

~~ 100.0
80.0

60.0

40.0

20.0

0.0
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CPU
SX-ACE
SX-ACE 1 SX-ACE2  SX-ACE 4
w4.8
00.0
29.8
9.2
1 | 16
core
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SX-ACE

L OpenMP
CPU
— HPF
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HPF

| HPF(High Performance Fortran)

» Fortran
° (
)
o (Fortran )
O ( MPI

)
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r ™
o
g \ )
real a(1:50),b(1:50)
doi=1,50 |
a(i) = b(i)+b(i+1) b(1:50)
enddo ; 4
1 50

Page 9

real a(100),b(100)
doi=1,99

a(i) = b(i)+b(i+1)
enddo

b(100)

real a(51:100),b(51:100)

b(51) _ do i=51,99
PELIOO | () = bb(+1)
d 5> enddo
0]
51 99




HPF MPI

| HPF 3

MPI HPF

MPI(Message Passing Interface)
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HPF MPI

1 1,000

MPI

HPF

m—
-
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1,000

580
40

(

SX-ACE/4Core
1,866

) MPI

SX-ACE/64Core

677

694



| HPF

sxhpf -Mlist2 [

]

sxfo0
-Mlist2
| HPF (MPI
mpirun -nn [ ] =np [ MPI ]
mpirun -nn [ ] =nnp | MPI
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| 32mpi 4smp 32

#PBS -q ACE B
#PBS -T mpisx —'tI)' SX MPI/HPF
#PBS -b 32 _| CPU
#PBS -1 cpunum_job=4,memsz_job=60GB,elapstim_req=20:00:00 i
#PBS -N Test_Job ‘JNO
#PBS -v F_RSVTASK=4 :v ( )
cd $PBS O WORKDIR
mpirun -nn 32 —nnph F_RSVTASK=4
$PBS_O_WORKDIR qsub

DBG 32 480GB
ACE 1024 15TB
myACE 4* 60GB*

http://www.hpc.cmc.osaka-u.ac.jp/system/manual/sx-ace/jobclass _sxace/
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HPF

PROCESSORS
DISTRIBUTE
INDEPENDENT
| ]
4 - NEW
4 : REDUCTION
ON

| ]
* . LOCAL
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PROCESSORS

IHPF$ PROCESSORS P(N)

IHPF$ PROCESSORS P(N,M)

pI

M

PROCESSORS p1(_t FBR,...), p2(_L FBR,..), ...

HPF/SX V2

number_of processors()

IHPF$ PROCESSORS P(number_of processors())
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HPF

PROCESSORS
DISTRIBUTE
INDEPENDENT
| ]
4 - NEW
4 : REDUCTION
ON

| ]
* . LOCAL
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DISTRIBUTE (1)

] ()
DISTRIBUTE O
 ———
ti P
\ 4! ([] )
DISTRIBUTE t1( ) [ONTO p ]
4 ([] )
DISTRIBUTE ( ) [ONTO p]:tL, t2,...
o5

BLOCK * GEN_BLOCK CYCLIC INDIRECT
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DISTRIBUTE (2) BLOCK

O = ( -1)/ +1
®BLOCK(m) m
IHPF$ PROCESSORS P(4)
REALA(19)
IHPF$ DISTRIBUTE A(BLOCK) ONTO P

Page 18

6 16
/ 17
8 18
9 19




DISTRIBUTE (3) GEN_BLOCK
]
IHPF$ PROCESSORS P(4)
REAL A(19)

INTEGER, PARAMETER:: M(4)=(/6,3,5,5/)
IHPF$ DISTRIBUTE A(GEN_BLOCK(M)) ONTO P
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IHPF$ PROCESSORS P(4) A[P(1)
IHPF$ DISTRIBUTE A(BLOCK,*) ONTO P P(2)
INTEGER A(N,N) P@3)
CALL SUB(A,N) P(4)
END SUB 1 ISUB
SUBROUTINE SUB(A,N) A
IHPF$ PROCESSORS P(4)

IHPF$ DISTRIBUTE A(* BLOCK) ONTO P
INTEGER A(N,N)

P(1)
P(2)
P@3)
P(4)
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HPF

PROCESSORS
DISTRIBUTE
INDEPENDENT
| ]
4 : NEW
4 . REDUCTION
ON

| ]
* . LOCAL
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INDEPENDENT (1)

IHPF$ INDEPENDENT

—DOI=1,N
A()=B(1)+C(l)

~_END DO

INDEPENDENT [, NEW( )] [, REDUCTION( )]

NEW
REDUCTION

( INDEPENDENT
)
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INDEPENDENT (2)
I (

®
( )
O INDEPENDENT
)
DO1=2N A(2) = A(2) + A(1)
A()=A()+A(I-1)
END DO AR) =AR) +A(2)
DO I=1N-1 A(1) = A(1) +A(2)
A()=A)+A(1+1)
END DO A(2) =A(2) + A(3)
DOI=1,N S=A(1)
IF (A(1)>0) S=A(l) |
END DO S =A(2)
DOI=1N
IF (A(1)>0) STOP STOP
END DO
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INDEPENDENT (3) REDUCTION (1)

REDUCTION INDEPENDENT
.| THPF$ DISTRIBUTE A(BLOCK) IHPF$ DISTRIBUTE A(BLOCK)
INTEGER A(N),s INTEGER A(N),s
IHPF$ INDEPENDENT, REDUCTION(S)
— DO I=1,N ~ DO I=1,N
s=s+A(l) s=s+A(l)
__ENDDO — ENDDO
( ...)

A=A+E A=E.and. A A=iand(AEL,... En) A
A=E+A A=A.or. E A=ior(AEL,....En) .
A=A-E A=E.or.A  A=ieor(AEL,..En) E, EI.
A=A*E A=A.eqv.E A=min(A, E1,...En)
A=E*A A=E .eqv.A A=max(AE]L,..En)
A=AlE A=A .neqv. E
A=A.and. E A=E .neqv. A
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INDEPENDENT (4) REDUCTION (2)

REDUCTION (HPF/JA )

INDEPENDENT
( )

REDUCTION(£2 572 Bl; / )

+, *, max, min, firstmax, firstmin, lastmax, lastmin,
land, ior, ieor, .and., .or., .eqv., .neqv.

. IHPF$ DISTRIBUTE A(BLOCK) IHPF$ DISTRIBUTE A(BLOCK)
INTEGER A(N) INTEGER A(N)
! lhpf$ independent,reduction(firstmax: m /idx/)
DO i=1,N DO i=1,N
if(m.lt.a(i))then if(m.It.a(i))then
m = a(i) m = a(i)
ldx = | ldx =i
endif endif
ENDDO ENDDO
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HPF

PROCESSORS
DISTRIBUTE
INDEPENDENT
| ]
4 - NEW
4 : REDUCTION
ON

| ]
* . LOCAL
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ON (1)

=
*l, (lJ ([ ) )
OPNHOME( )LO@TALL( .- )] ]
¢ ° gL([] ) )
ORNHISME( % @BeaL N PEESIN
LOCAL
* [HPF$ PROCESSORS P(4)

REAL A(19)
IHPF$ DISTRIBUTE A(BLOCK) ONTO P

IHPF$ ON HOME(A(L))
AL)=0 —

IHPF$ ON HOME(A(19)) BEGIN
A(18) = 1

A(19) =0
IHPF$ ENDON
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ON (2)

. |'HPF$ PROCESSORS P(4)
REAL A(19)
IHPF$ DISTRIBUTE A(BLOCK) ONTO P

6

7

8

IHPF$ ON HOME(A(L)), LOCAL(A) L&)
IHPF$ ON HOME(A(19)), LOCAL BEGIN
A(18) = 1
A(19) =0

IHPF$ ENDON
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ON (3)

REAL A(10) REAL A(10)
IHPF$ PROCESSORS P(2) IHPF$ PROCESSORS P(2)
IHPF$ DISTRIBUTE A(BLOCK) ONTO P IHPF$ DISTRIBUTE A(BLOCK) ONTO P
DO I=1,10 DO I=1,10
A() =1 IHPF$  ON HOME(A(I)), LOCAL BEGIN
END DO A() =1
IHPF$  END ON
END DO
P(1) P(2)
= 1 |l =6 7 8 9 10
All |2 A6 |7 |8 |9 |10

DO |

Page 29




ON (4)

real a(10,10)
lhpf$ PROCESSORS p(2)
lhpf$ DISTRIBUTE (*,BLOCK) ONTO p :: a

real a(10,10)
lhpf$ PROCESSORS p(2)
lhpf$ DISTRIBUTE (*,BLOCK) ONTO p

:

doi=1,10 Ihpf$ ON HOME(a(:,1)), LOCAL BEGIN
a(i,1)=a(i,2) doi=1,10
enddo a(i,1)=a(i,2)
enddo
Ihpf$ ENDON
p(1) p(2)
a1 3 |4 |5 ale |7 (8|9 |10
2 : 2 :
y 2 a(:,1) (p(1))
LOCAL ( 10
LOCAL )
‘ON LOCAL 0(2)
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HPF

PROCESSORS
DISTRIBUTE
INDEPENDENT
| ]
4 : NEW
4 . REDUCTION
ON
| ]
* . LOCAL
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HPF

| HPF

HPF

(INDEPENDENT)
(ON+LOCAL)

F90/SX

4 5
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HPF (1)

(himenoBMTsp_s.f) HPF

(http://accc.riken.jp/2145.htm)

Web
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HPF (1) Step-1

himeno.f
® himeno.f Fortran

% cd HPF/practice 1

® FTRACE
% sxf90 -ftrace —R2 himeno.f

% qsub run.sh

Page 34
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HPF (1) Step-1

® practice_1.0XXXX(XXXX ID)
% cat practice 1.0XXXX

mimax= 513 mjmax= 257 mkmax= 257
Imax= 512 jmax= 256 kmax= 256
Start rehearsal measurement process.
Measure the performance in 1000 times.
MFLOPS: 26981.75 time(s): 41.46163582801819 0.2500000

® FTRACE
% sxftrace —f ftrace.out

PROC.NAME FREQUENCY EXCLUSIVE AVER.TIME MOPS  MFLOPS V.OP AVER. VECTOR I-CACHE O-CACHE BANK CONFLICT ADB HIT

TIME[sec]( % ) [msec] RATIO V.LEN TIME MISS MISS CPU PORT NETWORK  ELEM.%
Jacobi 1 41.456( 99.8) 41456.289 60596.7 27385.2 99.57 253.4 41.456 0.000 0.000 3.191 8.065 46.74
initmt 1 0.092( 0.2) 01.688 11472.6 0.7 99.32 256.0 0.092 0.000 0.000 0.037 0.000 0.00
unnamed$main 1 0.004( 0.0) 3.968 8915.8 0.6 95.09 254.2 0.002 0.000 0.000 0.000 0.000 0.00
pghpf$static$init 1 0.000( 0.0) 0.003 133.3 0.0 0.00 0.0 0.000 0.000 0.000 0.000 0.000 0.00
total 4 41.552(100.0) 10387.987 60483.4 27322.1 99.57 253.4 41.550 0.000 0.001 3.228 8.065 46.74




HPF

(1) Step-2

jacobi
jacobi
176: +--———- > DO loop=1,nn
177: MH————- > DO K=2,kmax-1
178: j1+-—--> DO J=2, jmax-1
179: }11V---> DO 1=2,imax-1
180: 1111 A S0=a(l,J,K,1)*p(1+1,3,K)+a(l,J,K,2)*p(1,J+1,K)
181: I1Iint 1 +a(l,J,K,3)*p(1,J,K+1)
182: 11l 2 +b(1,J,K, D)*(p(1+1,3+1,K)-p(1+1,3-1,K)
183: 111t 3 -p(1-1,3+1,K)+p(1-1,J-1,K))
184: 11l 4 +(1,3,K,2)*(p(1,I+1,K+1)-p(1,J-1,K+1)
185: 111t 5 -p(1,3+1,K-1)+p(1,J-1,K-1))
186: il 6 +b(1,J,K,3)*(p(1+1,3,K+D)-p(1-1,J,K+1)
187: Iin 7 -p(1+1,J3,K-1D)+p(1-1,J,K-1))
188: 1111 8 +c(1,J3,K,1)*p(1-1,3,K)+c(1,J,K,2)*p(1,3-1,K)
189: it 9 +c(1,J,K,3)*p(1,J,K-D)+wrk1(1,J,K)
190: i1t A SS=(S0*a(l,J,K,4)-p(1,3,K))*bnd(l1,J,K)
191: 1Iint GOSA=GOSA+SS*SS
192: 1111 A wrk2(1,J,K)=p(1,J,K)+OMEGA *SS
193: 1 1iV--—- enddo
194: j1+-——- enddo
195: j+--———- enddo
197: j+-———- > DO K=2,kmax-1
198: |i+--—--> DO J=2, jmax-1
199: 11IV---> DO 1=2, imax-1
200: 1t A p(1,J,K)=wrk2(l,J,K)
201: 11WV--- enddo
202z | 1+———- enddo
203: j+-———- enddo
205z +--———- enddo
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HPF
[
®

176-205
( P loop

® 177-195 197-203
O k

(1) Step-2

(mimax,mjmax,mkmax)

p,bnd,wrk1,wrk2

(mimax,mjmax,mkmax,4)

a

(mimax,mjmax,mkmax, 3)

b,C

® DISTRIBUTE
)

% vi himeno.f (
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HPF (1) Step-2

® DISTRIBUTE

common /pres/ p(mimax,mjmax,mkmax)
common /mtrx/ a(mimax,mjmax,mkmax,4),
+ b(mimax,mjmax,mkmax,3) ,c(mimax,mjmax,mkmax, 3)
common /bound/ bnd(mimax,mjmax,mkmax)
common /work/ wrkl(mimax,mjmax,mkmax),wrk2(mimax,mjmax,mkmax)

CC other constants

common /others/ imax,jmax,kmax,omega
THPF$ DISTRIBUTE (*,*,BLOCK):: p,bnd,wrkl,wrk2
'HPF$ DISTRIBUTE (*,*,BLOCK,*) :: a,b,c

® 177-195 gosa
INDEPENDENT REDUCTION
THPF$ INDEPENDENT,REDUCTION(gosa)
DO K=2,kmax-1
DO J=2,jmax-1
DO 1=2,imax-1

so=a(l,J,K,1)*p(1+1,J,K)+a(l,J,K,2)*p(1,J+1,K)

GOSA=GOSA+SS*SS
wrk2(l1,J,K)=p(1,J,K)+OMEGA *SS
enddo
enddo
enddo
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HPF (1) Step-3

O 7 -Mlist2

% sxhpf -Mlist2 himeno.f
® ( )-Mlist2 filename.Ist

INDEPENDENT

ubroutine sub(a,inew,iold)
real a(100,100,2)
IHPF$ DISTRIBUTE a(*,BLOCK,*)

<S>Aeeeennae do j=1,100
COMM: SFT [a] [LINO: 5 in sample.F] U ——
(5) doi=1,100
(6) a(i,j,inew)=a(i,j-1,iold)+a(i,j,iold)
(7) enddo
(8) enddo
(9) end
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HPF (1) Step-3

himeno.Ist
( 182) <S>——-———-—mm-—- DO loop=1,nn
( 183) IHPF$ INDEPENDENT ,REDUCTION(gosa)

184)
185)
186)
187)
188)
189)
190)
191)
192)
193)
194)
195)
196)
197)
198)
199)
200)
201)
202)

204)
205)
206)
207)
208)
209)
210)
212)

aYaYalalalala e aYeaYaYalatealalealalalealaYaYaYea Y laYa e

COMM: RED [gosa] [LINO: 184 in himeno-2.f]
COMM: SFT [p] [LINO: 184 in himeno-2.T]
HOME: a(:,:.k,:)
P> DO K=2,kmax-1
<> DO J=2, jmax-1
1<I>-——--e DO 1=2, imax-1
So=a(l,J,K,)*p(1+1,3,K)+a(l,J,K,2)*p(1,3+1,K)
+a(l,J,K,3)*p(1,J,K+1)
+b(1,J3,K,1)*(p(1+1,3+1,K)-p(1+1,3-1,K)
-p(1-1,3+1,K)+p(1-1,3-1,K))
+b(1,J,K,2)*(p(1,J+1,K+1)-p(1,J-1,K+1)
-p(1,3+1,K-1)+p(1,J-1,K-1))
+b(1,J,K,3)*(p(1+1,J3,K+D)-p(1-1,J,K+1)
-p(1+1,3,K-1)+p(1-1,3,K-1))
+c(1,J,K,1)*p(1-1,3,K)+c(1,J,K,2)*p(1,J-1,K)
+¢(1,J3,K,3)*p(1,J,K-D)+wrk1(1,J,K)
SS=(S0*a(l,J,K,4)-p(1,J,K))*bnd(l,J,K)
GOSA=GOSA+SS*SS
wrk2(1,3,K)=p(l,J,K)+OMEGA *SS
enddo
enddo
—————————————— enddo

O©CoOo~NOOGTA, WNPE

B — DO K=2,kmax-1

£ P DO J=2, jmax-1

1I<I>--———— DO I1=2,imax-1
! p(1,J,K)=wrk2(1,J,K)
! enddo

! enddo
oo enddo

enddo
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HPF (1) Step-4

| HPF
® run2.sh (4 )
% gsub run2.sh

O step-4.0XXXX(XXXX D)
)
% cat step-4.0XXXX

mimax= 513 mymax= 257 mkmax= 257

Imax= 512 jmax= 256 kmax= 256

Start rehearsal measurement process.

Measure the performance in 1000 times.

MFLOPS: 87137.26 time(s): 12.83845210075378 0.6827177

> 41.5 12.8
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(1)
D

%>grep “<S>” filename.Ist 57 doii
( 57) <S>-----mmommmmmm- do ij=2,ibar*2,2

. INDEPENDENT
(+NEW  REDUCTION )
. <P> ( )
(131) <P>-----mmmmmmmmeeea- do k=1,ibar
(132) | <S> -------mmmmmmeo- don=1,n

%>grep “<N>” filename.Ist 44 doi
( 44) KN>-----mmmmmmmee- do i=0,ib
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(2)

%> grep COMM: finename.Ist
COMM: SCL [u] [LINO: 137 in filename.hpf]

COMM: [ ] [LINO: in ]
(DISTRIBUTE ) INDEPENDENT
ON +LOCAL
REDUCTION INDEPENDENT

Gather/Scatter

Page 43



HPF
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o .
SUBROUTINE SUB(N)
COMMON /COM/ M
REAL A(N,M) !
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Fortran (1)

|
m HPF
* ( )
1. 2.
real a(100,100) real a(10000)
lhpf$ distribute a(*,block) call sub(a, 10)
call sub(a(1,)) end
end subroutine sub(a,n)
subroutine sub(a) real a(n,n)
real a(100) lhpf$ distribute a(*, block)
1: 2.
common /com/ a(100,100 common /com/ a(100),b(100)
Ihpf$ distribute a(*,block) ) lhpf$ distribute (block) :: a,b
end end
subroutine sub subroutine sub
common /com/a(100,100) common /com/a(100)
lhpf$ distribute (block) :: a
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(1) HPF/SX V2

1. 2.
real a(100,100) real a(10000)
lhpf$ distribute a(*,block) call sub(a,10)

call sub(a(1,)) end
end subroutine sub(a,n)
subroutine sub(a) real a(n,n)
real a(100) lhpf$ distribute a(*,block)

11" " Nonsequential dummy array is associated with array

element or scalar actual. PROG=" " ELN="

2. " Dummy argument rank differs from actual. PROG="

ELN=" '
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(2)

real a(100,100)
hpf$ distribute a(*,block)

do 1=1,100

call sub(a(1,1)) !
enddo
end
subroutine sub(a)
real a(100)

real a(100,100)
lhpf$ distribute a(*,block)

do 1=1,100

call sub(a(:,!))

enddo

end

subroutine sub(a)

real a(100)

real a(100000)
call sub(a,10)

end

subroutine sub(a,n)
real a(n,n)

Page 48

real, sa,)
read(5) n

call sub(a,n)

end

subroutine sub(a,n)
real a(n,n)




(3)

real a(100,100)
call sub(a)

end

subroutine sub(a)
real a(100,*)

real a(100,100)
call sub(a,100)

end

subroutine sub(a,n)
real a(100,n)
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>

Interface

(Fortran

real a(100,100)
Interface
subroutine sub(a)
real a(:,:)
end subroutine
end interface
call sub(a)

end

subroutine sub(a)
real a(;,:)




(1) HPF/SX V2

-Mcommonchk
1 2.
common /com/ a(100,100) common /com/a(100),b(100)
lhpf$ distribute a(*,block) lhpf$ distribute (block) :: a,b
end end
subroutine sub subroutine sub
common /com/a(100,100) common/com/ a(lOO)
lhpf$ distribute (block) ::a
1: InconS|stency detected in the mapplng attrlbute of common variable
between * ”and “ o in/ /

2: Inconsistency detected |n the number of epr|C|tIy mapped arrays of common
block between * ” and “ v “in/ /
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(2)

dimension b(100,100),c¢(100,100)

lhpf$ distribute 1*,block) wb,c

end module

subroutine sub()
use coml

use

end

subroutine sub2()
use coml

use

end

( )
INCLUDE
INCLUDE COMMON
module coml %> cat coml.h
dimension a(100,100) common /com/ a(100,100)
hpf$ distribute (* block) ::a Inpf distribute (* block) - a
module %> cal

common /com2/ b(100,100),c(100,100)
lhpf$ distribute (*,block) :: b,c

subroutine sub()
include “com1.h”

include “ ?
end

subroutine sub2()
include “coml1.h’

include “ ?
end
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Fortran (2)

H
L 4
real a(100,100,100)
real a(100,100) lhpf$ distrPute a(*,*, )
Ihpf$ distribute a(*,block) Sg :‘_‘11’1100000 )
do i=1,10000 ALK =
a(i,1) =.. enddé) |
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HPF/SX V2

-Msubchk

-hpf —subchk fatal

mpirun -nn 2 -nnp 4 ./a.out -hpf-subchk fatal

real a(100,100)
Ihpf$ distribute a(*,block)
do i=1,10000
a(i,1) = ...

enddo

"’ Is accessed out of declared bounds along %d th dim
PROG:“ 77 ELN:“ 737




MPIPROGINF:

* MPI
° MPIPROGINF
ftrace:
TS -ftrace
* MPI %>sxftrace —f ftrace.out.*
etime: ( )
TS Fortran
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(2)

86 (
param

sample
2 . a(n,n),b(n,n),c(n,n)

bound

HPF

sum



HPF (2)

®
% cd HPF/practice 2
® FTRACE
% sxf90 -ftrace sample.F
O SX-ACE
% qgsub run.sh
O practice_2.0XXXX(XXXX ID)

% cat practice_2.0XXXX
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HPF (2)

@
I' main loop
do j=2, n-1
do i=2, n-1
IX = idxx(i)
ly = idxy(j)
a(i,]) = (b(i,)+b(i-1,))+b(i+1,))+b(i,j-1)+b(i,j+1))*0.2d0*c(ix,iy)*ap
enddo
enddo
PROC.NAME FREQUENCY EXCLUSIVE AVER.TIME MOPS  MFLOPS V.OP AVER. VECTOR I-CACHE O-CACHE  BANK CONFLICT ADB HIT
TIME[sec]( % ) [msec] RATIO V.LEN TIME MISS MISS CPU PORT NETWORK ELEM.%
sample 1 5.370(100.0) 5370.141 20635.7 7037.1 99.74 253.3 5.370 0.000 0.000 0.013 2.588 28.53
bound 1002 0.001( 0.0) 0.001 12982.4 0.0 98.58 255.9 0.000 0.000 0.000 0.000 0.000 50.83
total 1003 5.371(100.0) 5.355 20634.7 7036.3 99.74 253.3 5.370 0.000 0.000 0.013 2.588 28.53
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HPF (2)

35 )
® do| a 2
. BLOCK
. BLOCK
GEN_BLOCK
. b,Cc

Page 58

lhpf$ distribute (*,block) :: a

| main loop
do j=2, n-1
doi=2, n-1
IX = 1dxx(i)
ly = idxy())
a(i,)) = (b(i,))+b(i-1,)+b(i+1,)+b(i,j-1)+b(i,j+1))*0.2d0*c(ix,iy)*ap
enddo
enddo




HPF (2)

d

doj=2,n-1 !
doi=2, n-1
IX = idxx(i)
ly = idxy())
a(i,)) = (b(i,))+b(i-1,))+b(i+1,))+b(i,j-1)+b(i,j+1))*0.2d0*c(ix,iy)*ap
enddo
enddo
\ alb c |idxx | idxy
J
j L j+1 J
Y (do j)
. c idxx DO DO ]
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—

b
*ALIGN b(j) WITH aj)
*ALIGN b(j) WITH a(j-1)
*ALIGN b(j) WITH a(j+1)

idxy
*ALIGN idxy(j) WITH a())

c idxx

ALIGN



HPF (2)

Page 60

distribute
. align template

double precision a(n,n),b(n,n)
lhpf$ distribute (*,block) :: a,b

doj=2, n-1
doi=2, n-1
IX = idxx(i)
b(ix,]) = a(i,j) * c(i,))
ap =ap *a(l,))
enddo
enddo

(50

)



HPF (2)

O bound
* a (48 )

program sample

' subroutine bound(a)
double precision a(n,n),b(n,n),c(n,n) / )

lhpf$ distribute (*,block) :: a,b hofs gl_out_)llgé preciglionka(n,n)
: . Istribute (*,block) :: a
call bound(b / 0 ( )

call bound(c
call béund(a
¢ C (28 ) C
bound
g ¢ bound
° -hpf —commmsg
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HPF (2)

| C
bound
a b
> C pP.5
> bound
double precision a(n,n),b(n,n),c(n,n)
lhpf$ distribute (*,block) :: a,b
I main Ioop.
doj=2, n-1
doi=2, n-1
IX = idxx(i)
ly = idxy())
a(i,)) = (b(i,))+b(i-1,))+b(i+1,))+b(i,j-1)+b(i,j+1))*0.2d0*c(ix,iy)*ap
enddo
enddo
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HPF (2)

bound
bound_nodist bound
(28 ) bound_nodist

double precision a(n,n),b(n,n),c(n,n)
lhpf$ distribute (*,block) :: a,b

call bound(b)

call bound_nodist(c)

call bound(a)

end

subroutine bound(a)

double precision a(n,n)
lhpf$ distribute (*,block) :: a

end
suboutine bound_nodist(a)
double precision a(n,n)

end
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HPF (2)

-Mftn —Mlist2 —Minfo
* (-Mlist2
e -Minfo: -Mftn:F90/SX

%> sxhpf -Mftn -Mlist2 -Minfo sample.F

%> grep “<S>” sample.lst

( 35) <S>eemroeoeomees do iterzl,mW? 50,51
( 50) <S>---mr-mmmoeee- doj=1,n

A\

( 51) <S>----mmmmmoooe- doi=1,n * SFT( )
%> grep COMM: sample.Ist * RED( )
COMM: SFT [b] [LINO: 38 in sample.F]
COMM: CPY [a] [LINO: 54 in sample.F]—T=* 50 51 <S>
COMM: SCL [a] [LINO: 54 in sample.F]="
COMM: RED [bp] [LINO: 55 in sample.F] *CPY( )
COMM: RED [sum] [LINO: 64 in sample.F] ( )
COMM: SFT [a] [LINO: 83 in sample.F] * SCL( )

COMM: SFT [a] [LINO: 83 in sample.F]
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HPF (2)

n a,b do |
» doj independent
> ap ( ) reduction
e reduction

thpf$ distribute (*,block) :: a,b

K lhpf$ distribute (*,block) :: a,b
( 50) <S>----emmee- do j=1,n ;
COMM: CPY [a] [LINO: 54 in sample.F] Ihpf$ independent, reduction(ap)
COMM: SCL [a] [LINO: 54 in sample.F] doj=1,n
( 51) <S>ememmemenee doi=1,n doi=1,n
COMM: RED [ap] [LINO: 55 in sample.F] ix = idxx(i)
( 52) Ix = I_dXX(I)“ - b(ix,)) = a(i,j)*c(i,))
( 53) b(ix,J) = afi,j)*c(i)) ap =ap *a(i,)
( 54) ap =ap *a(i,) enddo
( 55) enddo enddo
( 56) enddo
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HPF (2)

m -Mftn —Mlist2 —Minfo
.

%> sxhpf -Mftn -Mlist2 -Minfo sample.E
%> grep “<S>” sample.Ist /

( 35) <S>emmmmeemeeeee- do iter=1,ma>V
( 55) <S>----mmmmoooee- doi=1,n

%> grep “<P>" sample.Ist —

( 38) <P>---mmmmeeeeena- doj=2,n-1
( 47) <P>-eemmmeeeeeaa- doi=1,n
( 54) <P>----mmmeeeee- do j=1,n
( 65) <P>----mmeeeeeeee- do j=1,n

%> grep COMM: sample.Ist
COMM: SFT [b] [LINO: 38 in sample.F]
COMM: RED [bp] [LINO: 54 in sample.F]
COMM: RED [sum] [LINO: 65 in sample.F]
COMM: SFT [a] [LINO: 84 in sample.F]
COMM: SFT [a] [LINO: 84 in sample.F]
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<P>

*CPY/SCL

<S>



HPF (2)
m 76 (SFT)
2 a n=2047 16
a(:,1) a(:,2) a(:,n) a(:,n-1)
> ON HOME +LOCAL
° double precision a(n,n)
lhpf$ distribute (*,block) :: a
double precision a(n,n) do :i:1 "
'hpf$ d'St”;bUte (f.block) :- a lhpf$  on home(a(:,1)), local begin
COMM: SFT [a] [LINO: 84 in sample.F] a(i,1) = a(i,2)
COMM: SFT [a] [LINO: 84 in sample.F] lhpf$ endon
( 76) SN>------mmmm-- doi=1,n lhpf$  on home(a(:,n)), local begin
( 77) | a(i,1) = a(i,2) a(i,n) = a(i,n-1)
( 78 | a(i,n) = a(i,n-1) lhpf$ endon
( 79) Heeemmmmmeenne- enddo enddo
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HPF (2)

-Mftn —Mlist2 —Minfo

4

%> sxhpf -Mftn -MIist2 -W,
. o

%> grep “<S>" sample.lst /,v

( 35) <S> do iterzl,maV

( 55) <S>----mmommoooe- doi=1,n

%> grep “<P>" sample.lst —

( 38) <P>----mmmmmmmeee- doj=2,n-1

( 47) <P>----mememmmme- doi=1,n

( 51) <P>----meoememee- doj=1,n

( 65) <P>----mmmmmmooee- do j=1,n

%> grep COMM: sample.Ist
COMM: SFT [b] [LINO: 38 in sample.F]
COMM: RED [bp] [LINO: 51 in sample.F]

COMM: RED [sum] [LINO: 65 in sample.F

— (6
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*CPY/SCL

)

SFT(



HPF (2)

| HPF
o run2.sh (4 )

% gsub run2.sh

o step-4.0XXXX(XXXX ID)

% cat step-4.0XXXX
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HPF

http:/lwww.hpfpc.org/book/hpf_text.nhtml
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2011 3 30
ISBN978-4-563-01586-2 ¥3400+

HPF

(
)

High Performance Fortran2.0 )

The High Performance Fortran Handbook
(The MIT Press)

()

. Fortran
(DO F )

HPF


http://www.hpfpc.org/book/hpf_text.html
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NEC Ftrace Viewer

(ftrace)

o OpenMP MPI

Page 72



NEC Ftrace Viewer

| NEC Ftrace Viewer
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(X ) (Exceed )

®Exceed
®

> “Open in Terminal”
®
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(X

)

(Xming

)

®Xming
>
»Windows
®Teralerm
> -~ SSH
> Xeyes
O
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- Xming - Xming

Windows

(X)

Xming

Xming
Xming

OK




NEC Ftrace Viewer
lGul

.“fV”
®Xmimg NEC Ftrace Viewer
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I File ftrace.out

®QOpen File
. ftrace.out ftrace.out.n.nn 1
®QOpen Directory
. ftrace.out ftrace.out.n.nn

ftrace.out ftrace.out.n.nn

Page 77



ISMP

®ftrace.out
» File — Open File

>
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(1/2)

ftrace.out

OK



i ISMP (2/2)

oGUI (4SMP )
»“Process Breakdown Chart”

EE
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| MPI (1/2)
eftrace.out.n.nn

» File — Open File ftrace.out.n.nn
OK

v MPI ftrace.out

Vo1 /ISMP

ftrace.out.n.nn

>

@
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| MPI (2/2)
oGUI (16MPI )
» “MPI Communication Chart”

P

= ELAPSED TIME

=

MPI "ELAPSED TIME”
+ "ELAPSED
\ TIME”
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MP]

20%
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