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® CPU

CPU

CPU
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= CPU

doj=1n
doi=1m
a(ij) = b()) +c())
enddo
enddo
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=1,2...m

Y




CPU
doj=1,100
doi=1,1000
a(i)) =b(@j) +c(y))
enddo
enddo
CPU1 CPU2 CPU3 CPU4
doj=125 do j = 26,50 do j =51,75 do j = 76,100
doi=1,1000 doi=1,1000 doi=1,1000 doi=1,1000
a(ij) =b(ij) +c()) a(ij) =b(ij) +c()) a(ij) =b(ij) +c()) a(ij) =b(ij) +c(i))
enddo enddo enddo enddo
enddo enddo enddo enddo
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I P auto

—-P auto

|:> —P multi

— CONCUR NOSYNC INNER CNCALL

— PARALLEL DO PARALLEL SECTION
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subroutine sub(a,h)
real a(600,100,100)
integer h(100) /
doi= 1,100
doj=1,100
do k=1,599 —
a (kji) =(a(k+1,,) + a(k,j,i))*0.5
enddo
enddo
h(D)=h()+1
enddo
end
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program main

doi=1,n
enddo

end program

program main
_ .
Icdir reserve

call sub%$1

Icdir release —

end program

subroutine sub$1

Icdir pardo for— | DO
doi=1,n

enddo
return
end subroutine sub$1



o COMMON
o SAVE
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doj=1,100

C
doi=1,1000 a
wk(i) = b(ij) +2.0
a(ij) =wk@ * c(j) DO J
enddo
enddo
CPU CPU CPU CPU
i | ||| wkq) i ][ wki) i ||l wkqi) i ]| wk(
a(ij) : >
a(11)...a(1,25) a(1,26)....a(1,50) a(151)...a(1,75) a(1,76)....a(1,100)
a(2,1)...a(2,25) a(2,26)....a(2,50) a(2,51)...a(2,75) a(2,76)....a(2,100)

a(1000,1)...a(1000,25) i a(1000,26)...a(1000,50); a(1000,51)....a(1000,75)

a(1000,76)....a(1000,100)
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doi=1n
a(i) = b(i+1)
b() = c(i)

enddo

b b
=1 b(2) b(1) =1 b(2) b(1)
=2 b(3) b(2) =2 b(2y o
=3 b(4)  b(3) =3 b(4) 65 -
=4 b(5) b(4)
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do

>

1,
b

~0 —

A~
\/N

enddo

do I=1,10000
s=s+a(D)*b()
enddo
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VIF IF

doj=1,n
doi=1m
If (a(i,)) .ge. del ) then
r=a(,)) - del
endif
c(ij)) =1
enddo

enddo
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doj=1,n
doi=1n
if (a(iy)) .It. 0.0 ) go 7o 100
b(1)) = sart(a(i)) )
enddo
enddo
100 continue
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. —-P stack

° -Wf,—init stack=zero
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O
—
doi=1,100
s=s+ x(i)
enddo
O
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S

G

x(1)+...+x(25)

X(26)+...+x(50)

x(51)+.“+x(75)|x(76)+.“+x(100)

CPU1

CPU2

CPU3 CPU4




® retrurn
) /elum

. —-P stack

I save
® data save
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=

Program main
real*8 x(10000,100,100)
real*8 y(10000,100,100)
call sub(x,y)

end

=

X, Y
common

Program main

real*8 x(10000,100,100)
real*8 y(10000,100,100)
common /aummy/ X, y

call sub(x,y)

end



I size

size -fl

% size -fl 4 a.out

4094176 (.text) + 668536(.data) + 2157776(.bss) + 292425(.comment) +
5932(.whoami) + 206125400(logical task region) * 4 = 831720445

N
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CPU
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n=16
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/ n=38
’é 100%
|
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%
a

CPU



> (ftrace)

= PROGINF Conc.Time
(ftrace)
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® ftrace
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-Wf,—pvctl fullmsg

No.
1033
1036
nodep/nosync
=
* =>»Nosync

L 4 ->
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] NOSYNC

a(lk1,j+1) a(lk2,))

klz k2 a(lk1j+1) a(lk2;j)
=>»Nnosync
lcdir nosync
doj=1,ny
doi=1, nx
a(l,k7)+1) = a(i,k2)) + b()
enddo

enddo
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No.

1380

1382

= CNCALL

| CNCALL

lcdir cncall
doi=1,n
call sub(a(i), x)
enddo
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[
[
=» INNER
§ INNER
Icdir inner _
doi=1,n if (n > 665) then
a(|) — b(|) **x D 4 C(I) **D |::> slse
enddo
endif
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I PARALLEL DO [PRIVATE(varl[,var2...])]
®

®
PRIVATE

ICDIR PARALLEL DO PRIVATE(wk)
doj=1, 10
doi=1, 100
wk(i) =a(i)+b(j)
enddo
call sub(x(j),wk)
enddo
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J PARALLEL SECTIONS [PRIVATE(vari[var2...1)]
SECTION
END PARALLEL SECTIONS
® PARALLEL SECTIONS/SECTION/END PARALLEL SECTIONS

ICDIR PARALLEL SECTIONS
call sub1(x,y,100)
ICDIR SECTION
call sub2(a,b,n)
ICDIR SECTION
call sub3(a,b)
ICDIR END PARALLEL SECTIONS
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| ATOMIC
® PARALLEL DO

ICDIR PARALLEL DO
doi=1,n
call sub(a(i),b(i),x)
ICDIR ATOMIC
sum=sum+a(i)*b(l)
enddo
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do j=1,n
do J=1n s=0.0 /

do i=1.m do i=1,m

a(iy()) =a(y@)) +b(i)*cQ) |:> s =s +b(ij)*c()

enddo enddo
enddo wk(j)=s
enddo
a(iy(i) do j=1.n
a(iy())=a(y(@)+wk ()
enddo
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subroutine sub(a,b,c,nx,ny,nz)

real*8 a(100,100,100),b(0:100,100,100)
real*8 c(0:100)

do k=1,nz

subroutine sub(a,b,c,nx,ny,nz)
real*8 a(100,100,100),b(0:100,100,100)
real*8 c(0:100, 100)

: do k=1,nz
do j=1,ny do j=1,ny
do i=0,nx do i=0,nx
c(i)=b(ij,k)/dble(nx) c(ik)=b(ijk)/dble(nx)
enddo ::> enddo
do i=1,nx do i=1,nx
a(ijk)=a(ijk)+(c(i-1)+c(i))/2.0 a(ijk)=a(ij,k)+(c(-1k)+c(i.k))/2.0
enddo enddo
enddo enddo
enddo enddo
return return
end end

)
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subroutine sub(a,b,c,nx,ny,nz)
real*8 a(100,100,100),b(0:100,100,100)
real*8 c¢(0:100)
do k=1,nz
do j=1,ny
do i=0,nx
c(1)=b(i,j,k)/dble(nx)
enddo
do i=1,nx
a(ij,k)=a(,j,k)+(c(i-1)+c(i))/2.0
enddo
enddo
enddo
return
end
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subroutine sub(a,b,dummy,nx,ny,nz)
real*8 a(100,100,100),b(0:100,100,100)
real*8 ¢(0:100),dummy(0:100)
do k=1,nz
do j=1,ny
do i=0,nx
c(i)=b(i,j,k)/dble(nx)
enddo
do i=1,nx
a(i,j,k)=a(,j,k)+(c(i-1)+c(i))/2.0
enddo
enddo
enddo
return
end

sub



| PROGINF Conc.Time
->

>

>
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PROGINF
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**x&x* Program Information

Real Time (sec)

User Time (sec)

Sys Time (sec)

Vector Time (sec)

Inst. Count

V. Inst. Count

V. Element Count

FLOP Count

MOPS

MFLOPS

MOPS  (concurrent)

MFLOPS (concurrent)

A. V. Length

V. Op. Ratio (%)

Memory Size (MB)

Max Concurrent Proc.
Conc. Time(>= 1) (sec)
Conc. Time(>= 2) (sec)
Conc. Time(>= 3) (sec)
Conc. Time(>= 4) (sec)

Event Busy Count

Event Wait (sec)

Lock Busy Count

Lock Wait (sec)

Barrier Busy Count

Barrier Wait (sec)

MIPS

MIPS (concurrent)

I-Cache (sec)

0-Cache (sec)

Bank Conflict Time
CPU Port Conf. (sec)
Memory Network Conf. (sec)

*kkkkk

2.

9.

0.

6.
1499341100.
794635327 .
177806769301.
102456430615.
19192.
.410997
.440258
41924.
223.
99.
.000000
4.
.443808
.295732
.293661
.267991
0.
.000000
0.
.000000
0.
.000000
.198847
.526554
.047965
.960205

11015
73046

512

NN DN

497554
301190
040685
063620

326474

910065
758954
605232

.994465
.480155

)
)
(D)
MOPS
MFLOPS
MOPS (
MFLOPS  (
)
(vB)
1
2
3
4
(
(
(
MIPS
MIPS
CPU

)

(

o/ o/

)

Y YY)

o o/ o\



PROGINF

| Conc. Time Concurrent Time

O CPU
O 1 CPU
CPU
CPU2
CPU3

CPU4
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PROGINF

| Conc. Time(>=1) Conc. Time(>= )
Conc. Time(>= 1) (sec): 74.154168
Conc. Time(>= 2)(sec): 8.549322
Conc. Time(>= 3)(sec): 8.292376
Conc. Time(>= 4)(sec). 8.071275

> 4 >

| Conc. Time
Conc. Time(>= 1) (sec): 69.503482
Conc. Time(>= 2)(sec): 58.271920
Conc. Time(>= 3)(sec): 33.497481
Conc. Time(>= 4) (sec): 12927761

-> >

Page 46



ftrace

o

o
PROG.UNIT FREQUENCY EXCLUSIVE AVER.TIME  MOPS MFLOPS V.OP AVER.  VECTOR
TIME[sec]( % )  [msec] RATIO V.LEN  TIME
sub2_$5 2420  177.234( 37.2)  73.237 18711.9 9327.4 99.70 250.3 175.516
“microl 605  44.431( 9.3)  73.440 18716.2 9329.6 99.70 250.3 44.011
-micro2 605  44.415( 9.3)  73.413 18622.1 9282.6 99.70 250.3  43.773
~micro3 605  43.972( 9.2)  72.680 18795.5 9369.2 99.70 250.2  43.741
~micro4 605  44.416( 9.3)  73.415 18714.7 9328.8 99.70 250.3  43.992
subl_$1 24200  23.534( 4.9) 0.972 21650.1 8688.7 99.72 253.0 22.827
“microl 6050 6.009( 1.3) 0.993 21245.2 8526.0 99.72 253.0  5.719
—micro2 6050 5.863( 1.2) 0.969 21697.5 8707.7 99.72 253.0  5.700
~micro3 6050 5.795( 1.2) 0.958 21919.4 8796.9 99.72 253.0  5.691
~micro4 6050 5.867( 1.2) 0.970 21751.6 8729.4 99.72 253.0  5.717
total 215401  476.648(100.0) 2.213 19169.7 9032.0 99.51 163.1 466.969
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—

—Wf,-pvctl {by=n for[=m]}

ICDIR CONCUR(BY=n ! FOR[=r1])
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do =1, n

enddo
for=4 by=1
1 2 3 4 1 2 3
P VCRTTL e ] 1 2 3
5
2 |42 [n/2+2 [Bn/a+2 6 |-
: 9
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ICDIR CONCUR(FOR=4)
do j=1,8%*n
do i=1,8*n-j+1
a(i))=b()*c(i))
enddo
enddo
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J=1 2*n
J=2*n+1 4%*n
J=4*n+1 6*n

J=6*n+1 8%*n




ICDIR CONCUR(FOR=8)
do j=1,8%*n

do i=1,8*n-j+1
a(i))=b(j)*c())
enddo
enddo
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J=1 n

J=n+1 2%*n

J=2*n+1
J=3*n+1
J=4*n+1
J=5*n+1
J=6*n+1
J=7*n+1

3*n
4*n
5*n
6™n
7*n

8*n

N\
\\

= N wd

PrwNPE



do j=1,n
do i=1, j
a(1,))=b(,))>*c())
enddo
enddo

for=4
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for=8

R NwdDAPwWDNPRE




CPUl1 CPU2 CPU3 CPU4
=2 |I=3 _

=1 s =4

=6 |=7 =8

ENDDO
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OpenMP
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API

OpenMP Web
http://www.openmp.org/



http://www.openmp.org/

OpenMP

ISOMP [clause[[, Jclause]... ]
- “ISOMP”
“*$OMP” “C$OMP”
\$ Fortran
* OpenMP “1$”7 2
u*$n uC$n
“GT, G, “CP

-Wf,—ompctl nocondcomp
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OpenMP

1$OMP PARALLEL DEFAULT(PRIVATE) SHARED(field, ispectrum)
call initialize_field(field, ispectrum)
call compute_field(field, ispectrum)
call compute_spectrum(field, ispectrum)
1$OMP END PARALLEL

1$0MP DO
do 1 = 1, nzone
ispectrum(i) = 0 DO
enddo
1$OMP enddo NOWAIT
1$0MP DO
do j = 1, npoints
field(j) = 0
enddo

I$OMP enddo
1$OMP SINGLE
field(npoints/4) = 1.0
1$OMP END SINGLE
return
end
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OpenMP

{PARALLEL/END PARALLEL

Work-Sharing

/
DO/enddo

SECTIONS/SECTION/END SECTIONS
KSINGLE/END SINGLE

/MASTER/END MASTER
CRITICALZEND CRITICAL
BARRIER
ATMIC

Work-Sharing

FLUSH
\ ODERED/END ORDERED

[THREADPRIVATE

{PARALLEL DO/END PARALLEL DO

PARALLEL SECTIONS/END PARALLEL SECTIONS }
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OpenMP

e PARALLEL/END PARALLEL

I$OMP PARALLEL

ISOMP END PARALLEL
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OpenMP

| Work-Sharing
®
®

DO

I$SOMP PARALLEL

ISOMP DO
DO =1 N

ENDDO
I$OMP ENDDO

ISOMP END PARALLEL

Page 61

. Work-Sharing

ISOMP PARALLEL

ISOMP SECTIONS
A
I$OMP SECTION
B
ISOMP END SECTIONS

ISOMP END PARALLEL

AB

SINGLE
I$SOMP PARALLEL

I$SOMP SINGLE

A
ISOMP END SINGLE
ISOMP END PARALLEL

A



Ope

Page 62

nMP : DO

S

ISOMP PARALLEL PRIVATE(X)
I$OMP DO REDUCTION(+: S)
DOl =1, N
X=W() * (I-0.5)
S =S + FUN(X)
enddo
I$OMP enddo
ISOMP END PARALLEL

I

REDUCTION clause

enddo

I$OMP END PARALLEL DO

ISOMP PARALLEL DO PRIVATE(X),REDUCTION(+: S)
DOI=1,N
X =W() * (1-0.5)
S =S + FUN(X)




OpenMP

® MASTER, CRITICAL, BARRIER, FLUSH, ORDERED

MASTER
I$SOMP PARALLEL

ISOMP MASTER
A
ISOMP END MASTER

I$SOMP END PARALLEL

Page 63

CRITICAL
ISOMP PARALLEL
ISOMP CRITICAL
ISOMP ENDACRITICAL

ISOMP END PARALLEL

ATOMIC
I$OMP PARALLEL DO

I$SOMP ATOMIC
X=X+
I$OMP END PARALLEL DO



OpenMP

o (private)
(shared) PRIVATE/SHARED clause
. shared DEFAULT clause

I$SOMP PARALLEL DO PRIVATE(WK)

DO I=1,N - WK private, X)Y,N shared
CALL SUB(X,Y,WK) - SUB private
ENDDO - DO | private

I$SOMP END PARALLEL DO

o THREADPRIVATE
. private

COMMON /CM1/AB
I$OMP THREADPRIVATE(CM1)
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OpenMP

Page 65

g
OMP_SET NUM_THREADS

OMP_GET NUM THREADS
OMP_GET THREAD NUM
OMP_GET NUM PROCS
OMP_SET DYNAMIC

ON/OFF

-
OMP _INIT LOCK

OMP DESTROY LOCK
OMP _SET LOCK
OMP_UNSET LOCK

| OMP_TEST_LOCK




OpenMP

/OMP_SCHEDULE A
DO (STATIC/DYNAMIC/GUIDED)
FORTRAN9O/SX STATIC

OMP_NUM_THREADS

OMP_DYNAMIC

FORTRAN9O/SX FALSE

OMP_NESTED

/
\_ FORTRAN9O/SX ( ) y,
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FORTRAN9O/SX
I ~Popenmp

% sxf90 —Popenmp prog.fo0

| OpenmP
-Wf,—ompctl condcomp/nocondcomp
condcomp
nocondcomp
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FORTRAN9O/ SX

program main

I$omp parallel
I$omp do
doi=1,n
enddo
I$omp enddo
I$omp do
doi=1,n

do iter = 1, maxiter

enddo
I$omp enddo
I$omp end parallel

end

Page 68

program main

ICDIR OMP_RESERVE
call main$1
ICDIR OMP_RELEASE

end

subroutine main$1

ICDIR OMP_PARALLEL

ICDIR OMP_PARDO
doi=1,n

enddo
ICDIR OMP_PARDO
doi=1,n
do iter = 1, maxiter

enddo
enddo
end



