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doj=1,100
doi=1,1000
a(ij) =b(j) + cf(ii
enddo

enddo
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doj=125 do j = 26,50 doj=5175 doj=76,100
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enddo enddo enddo enddo
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subroutine sub (a,h)
real a (600,100,100)

integer h (100) HHE
doi=1100 —
doj= 1100 :
do k=1,599 T [(N7RAE
a (ki) =(a(k+1.ii) + a(kii))*0.5
enddo
enddo
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enddo

end
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program main
Icdir reserve ——— | FAVDER

program main call sub$1
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:> end program
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end program ~ LTilli5IsR1T
. enddo

Y=A7095 L return
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enddo
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doi=1m
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¢ (i,j) =
enddo

enddo
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enddo
enddo
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Program main Program main

realx8 x(10000,100,100) realx8 x(10000,100,100)

real¥8 y(10000,100,100) [ > real*8 y(10000,100,100)

call sub (x,y) X,y % common /dummy/ X, y
common (<

end 3 call sub (x,y)

end
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Icdir nosync
doj=1,ny
doi=1, nx
a(i,f7jt1) =ai.k2i) + b
enddo
enddo gL
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] CNCALL #55R4T
ESIMEENTELWVFHRETHICLEIEETD
Icdir cncall
doi=1,n L3
call sub (a (i), x)
enddo
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| INNER$ERFT
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- F{Fitid{b
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endif
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sHl AL SER R1T(2)

| PARALLEL DO [PRIVATE (var1 [var2:--])]
° IRELEN-T%IFKTTS

o W—7ATHERALLTEDNZO-ANELHPO—-HIES
[ZPRIVATETHEET S

i
ICDIR PARALLEL DO PRIVATE (wk)

doj=1,10

doi=1,100
wk (i) = afi) +b (j)
enddo
call sub (x (j) ,wk)
enddo
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| PARALLEL SECTIONS [PRIVATE (var1 [var2---]) ]
SECTION
END PARALLEL SECTIONS

® PARALLEL SECTIONS/SECTION/END PARALLEL SECTIONS
TRYSNI=BXDERFENZILIRITITS

1 :
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 DOTitiIHbZh 70— T, BHIPARLE, Hifhalnig
LEThELSEVWRAXDERICIEEY S

ICDIR PARALLEL DO
doi=1,n
call sub (a (i) ,b (i) x)
ICDIR ATOMIC
sum=sum-+a (i) b (I)
enddo
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do j=1n S TaE
do j=1.n $s=0.0 /
do i=1,m do i=1.m
o]
o]
aly () =aly@) +a)xcl) C2)  g2gmGjkcl
g oiEo
enddo enddo
enddo wk (j) =s
IR T OGS &S enddo
a(iy () 2—7ONEICHT do j=1n

a(iy (j) ) =a(iy (j) ) +wk (j)
enddo
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| (REEFUDRTTHEBICLVIALTHLRTEEE TS

subroutine sub (a,b,c,nx,ny,nz)
realx8 a(100,100,100) ,b (0:100,100,100)
real*8 ¢ (0:100)
do k=1,nz
do j=1,ny
do i=0,nx
¢ (i) =b (i,jik) /dble (nx)
enddo
do i=1,nx
a (i,jk) =a(i,ik) + (c(i-1) +c(i)) /2.0
enddo
enddo
enddo
return
end

BIHELTEOTELT 232 AVMT
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Hetsd. BAMN-T (k) THFTETS
&, il c NHEIER 2RI TEERAD
T-HERAIEELD.
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subroutine sub (a,b,c,nx,ny,nz)
realx8 a(100,100,100),b (0:100,100,100)
realx8 ¢ (0:100, 100)
do k=1,nz
do j=1,ny
do i=0,nx
c (ik) =b (i.jik) /dble (nx)
enddo
do i=1,nx
a (i.jk) =a (i.jk) + (c (i-1,k) +c (ik)) /2.0
enddo
enddo
enddo
return
end
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subroutine sub (a,b,c,nx,ny,nz)
realx8 a(100,100,100) ,b (0:100,100,100)
real*8 ¢ (0:100)
do k=1,nz
do j=1.ny
do i=0,nx
¢ (i) =b (i,j,k) /dble (nx)
enddo
do i=1,nx
a (i,i,k) =a (i,jik) + (c (i-1) +c (i)) /2.0
enddo
enddo
enddo
return
end
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subroutine sub (a,b,dummy,nx,ny,nz)
realx8 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
¢ (i) =b (i,j,k) /dble (nx)
enddo
do i=1,nx
a (i,i,k) =a (i,ik) + (c (i-1) +c (i)) /2.0
enddo
enddo
enddo
return
end
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xkxxxx Program Information

Real Time (sec)

User Time (sec)

Sys Time (sec)

Vector Time (sec)

Inst. Count

V. Inst. Count

V. Element Count

V. Load 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)
Conc. Time O>= 2)
Conc. Time O>= 3)
Conc. Time O>= 4)

Event Busy Count

Event Wait (sec)

Lock Busy Count

Lock Wait (sec)

Barrier Busy Count

Barrier Wait (sec)

MIPS

MIPS (concurrent)

[-Cache (sec)

0-Cache (sec)

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

ADB Hit Element Ratio (%)

o M FU IR fE A RS ISR

Kkkkkk

(sec)
(sec)
(sec)
(sec)

0. 307168

1. 190239

0. 007852

1. 167033
241880273
117679849
30126037402
10741746602
17179869334
25415. 263511
14433. 966064
100019. 632876
96803. 659976
255. 999967
99. 589423
512. 000000

4

. 302443
. 301598
. 301181
. 285894
0

0. 000000

0

0. 000000

0

0. 000000
203. 219919
799. 754906
0. 000145
0. 002183

OO OO

0. 000239
0.714319
20. 310514

ZBE (#)
1-Y (#)

AT LEE ()

NI PVESRITEE (1)

RRRTH

NI P IVBSRTH

NI PV BRSRITERY

ANy hvO—-REEREHN

FHMIRT-ARTEEN

MOPS fi&

MFLOPS (&

MOPS fiE  (SRITHFRIIRE)

MFLOPS fiE (SR{THSRIIRE)

EYNI MIVER

NI BMIVEEE %)
XEVYERE MB)

RAFRBRTUE7OEY ¥
18I ETRITLUARKEA ()
2B ETRITLULRE )
SAUETRITLULRE #)
48 ETRITLKE ()
IR MEY—EE

1IN MEEEE #)

Oy e —mE#K

Oy &s5iKm ()

N7 EY—EK
NYT7HFEKBE (3

MIPS fiE

MIPS i (SRYTHSRIIRE)
WEFrYLIIR ()
ARGV ERFrYyPa1IR (W)

CPUR— FIRSHRE (1)
XEVRY P7-VHRERHE )
ADBEY M (%)

e
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PROGINFOI 115 #R

| Conc. Time (Concurrent Time)
CPU n&LL ETEITU/ KR
o 7077 LHENMEL/-CPUDFRIZMBIIEHNTES
o HELEHT1BDCPUAENLERR, 2 E<EEH2E8DCPUA EN
ULNEBSRL, -2 RT

CPU1

18LLET
GPU2 : RATU LI

28LLET
GRS =ATLIRT
CPU4

x IBLLET
1BUET |l kR
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PROGINF#ZF\ 7= 1 BE 3 A

| Conc. Time (>=1) EEk~, Conc. Time (>=2) A&l
Conc. Time (>= 1) (sec): 74.154168
Conc. Time (>= 2) (sec): 8.549322
Conc. Time (>= 3) (sec): 8.292376
Conc. Time (>= 4) (sec): 8.071275

>ESHEZEHELY  SHFHEEhTOELII-TEIFIE

| Conc. TimeDfEICRYH H S

Conc. Time (>= 1) (sec): 69.503482
Conc. Time (>= 2) (sec): 58.271920
Conc. Time (>= 3) (sec): 33.497481
Conc. Time (>= 4) (sec) 12.927761

DEFE/INTAHE SN—THIIRTHEOEE
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S5 14 etk eE( Ftrace)

| LR O AR
o BFIRFTEN/YTN—FUUHLTESIRIORTIHHERT
° FAYDAFHNFVRERBTES

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
-microd 605  43.972( 9.2) 72.680 18795.5 9369.2 99.70 250.2 43. 741
-microd 605  44.416( 9.3) 73.415 18714.7 9328.8 99.70 250.3  43.992
sub1_$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
-microd 6050 5.795( 1.2) 0.958 21919.4 8796.9 99.72 253.0 5. 691
-microd 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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BRENFVADEER

| V=7 OR8IHE FEBOEE
o EIE
X)ybh: FEARIEORIMHADELTEO DA —IINYRI
TX)IN: FBRAVDEBREDL TN AICEN SN
o FEIWK
X)ybh: BERAVDHLEREDIESDEFME<ED
FA)Yh: FRRIEORIBHSIBADHFA—IINIFK
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I —T DERITH

| €V7RF D2y

o FH2AVICIE, WEBHETULIRICRODEBHAZINZ TSNS
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DO I=1,8

=1

=2

=3

=4

=5

|=6

=7

|=8

ENDDO

®UEL

=)

V=7 DniEE8REIL, 4iEFITRLT

CPU1 CPU2 CPU3 CPU4
|=2 =3 _

=1 =5 =4
=6 =7 |=8

iR




V=7 DALFIKITT &

| by=n
° EBLABNDBELEEL DN —TICHE
| for [=m]
o BYUELBEIERLABMICAE
* ROEBEEHEWZERBITRICERRESNA=Z2A7HICHE]
(B BETHLDEEESE)

| V=T OAFIETFH RSB IASAT Ay
-Wf,-pvctl {by=n| for [=m] }

| V=T DIEFIRITH EEEET BIERIT
ICDIR CONCUR (BY=/7 | FOR [=/)
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for&by

do I=1, n

enddo

for=4

8271 392 4293 4294

1 n/4+1 |n/2+1 |3n/4+1

2 n/4+2 [n/2+2 |3n/4+2
ln/4 | n/2 |3n/4 | n

BRUEBLENE4REIL T2 A TRLT
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by=1

4291 3A92 4293 4294

| 3
5 A
9 r

FERVELZ1BEODIERNELT,

4229 THELTRIT



=ZATINNER(1)

| UIFON-T 22 R08=4TRIT

| = S
.CDIB_CONCUR (FOR=4) . > mEdE
do j=1,8%n wEBL 222
do i=1,8%n-j+1 J=1~2%n W 4291
a (if) =b (ij) %c (i)  J=2%n+1~4xn U
enddo
J=4%n+1~6%n
enddo 2473
J=6%n+1~8%n 4294
ARV —7 O@E)EL M= (E£E(T, IR 1 DIEREIIIRAI4D 715

HEIN—T DEBLHESICONTES XFlLeaA /IS RBEE
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=ZATIHOHE(2)
| M —FOREIMESICEBLAS R TEST

ICDIR CONCUR (FOR=8) fERE
_ BV):EL -
<O rimn - NN s291
do i=1,8%n-j+1 J=n+1~2%n =" AAY2
f N\ — (i . J=2x%n+1~3%n ARY3 sRoADfERE
d (lvl) b (I’]) XC (I’l) J=3%n+1~4xn [HEiiEEE 74 AZH4 %Z;/‘;’éﬂ%f
enddo J=4%n+1~5%n AAD4  EUDfEEDSS
enddo J=5%nt+1~6%n BRY3  hurina
= ~ | ”
J=6xnt1~7xn [|[]] 2AHD
J=7%n+1~8%n = 42451

CNIR52—)>2 12k
FZXODIEREDVIIFICLS
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=ZATINER(3)

| UIFON-T 22 R08=4TRIT

R -7 OR)BLE={ERER,
HUN—T DERIBLHEGICONTE M

CDINZ—=TI3REIE8ICLTE
TVINF A BHEShEL

o

REIFEIEPT &KL,
AV INTGIAREINELLT R EIETTHE

for=8

do j=1.n
do i=1, j
a (i.j) =b (i.j) *c (i,j)
enddo
enddo
for=4 frxs
DETS
5292 %%%%%%%%\
4293 N
N
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BIETS 4241

FRT

4292
4273
4274
4274
4273
4R72
4271

=R

7N

o PN
R R RRITRIKEIN
§2505050500 2000000200

Fh g FE R R SR R L GRS L R R L SR L AN




6. mHEME: BBaLFIE

| B
o BHEITILEELTIAT 3.
| FIE

® JVINA VAT MDIEIE

® JVINLI(YAMDIEER)

o RIT(HER, EREDTER)
| F4LIM)

® practice_6
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m
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OpenMP(SE&#)
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OpenMP

| HFEAEY2 I RITHIESINIZOESEAPI
o BLEBAHFATRIT7—FTIVFvEIFIONVEARTRIMRETOI I 9T
Weigs
o FSIHLISFIRAE DT N TEHRA(CEE
- F1LOUT17 TEIMEZIR TR
- RITH2177V), RIRERLAEZIN TS

£ :0penMPICEId 2 WeblE R
http:/ /www.openmp.org/
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OpenMPD 1§k : #2X

| F1L o747

ISOMP FrL-27r7%& [clause[[]clause] ---]
- “ISOMP” 13175 LB A SZALLICH®
- AEERXOBESE“XSOMP” F71 “CSOMP” HiEMET]

| RtEFEanrn
1$ FortrandD X
« OpenMPAFIDIZR, “1$” M2NXFOEHELTHERENS
- BEIREERDIBRIE “¥$” £/ “CS” LEEAT]

fEE: “1$”, “x$”, “C$” £2axsboFEx(cL=LMESIS
A73 -Wf,-ompctl nocondcomp
TEREMEIANTIVBEEEEMICTS
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OpenMPO) il

I$OMP PARALLEL DEFAULT (PRIVATE) SHARED (field, ispectrum)

call initialize_field(field, ispectrum) KT 2TOREZIEE
call compute_field(field, ispectrum) XEFEHICEIT 2Hh
call compute_spectrum(field, ispectrum) SIS ZFIREDEIH

I$OMP END PARALLEL

subroutine initialize_field(field, ispectrum)

I$OMP DO
do i =1, nzone .
ispectrum(i) = 0 DON—T %A FUKST
enddo
ISOMP enddo NOWAIT
I$OMP DO
do j =1, npoints
field(j) =0
enddo
I$OMP enddo
ISOMP SINGLE
field(npoints/4) = 1.0 1ALYRDHELT
ISOMP END SINGLE
return
end
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OpenMPOEER : 4L 757147

| F1LOFT17 8

NFLIV)—=oa e

[PARALLEL/ END PARALLEL

Work-Sharing#é&

p
DO/enddo
SECTIONS/SECTION/END SECTIONS

\SINGLE/END SINGLE

RS

MASTER/END MASTER
CRITICAL/END CRITICAL
BARRIER

ATMIC

FLUSH

E&Work-Sharing#iis

\_ODERED/END ORDERED

~

/

F—RA2—-7

[THREADPRIVATE

LPARALLEL DO/END PARALLEL DO

PARALLEL SECTIONS/END PARALLEL SECTIONS J
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OpenMPO{LER(/s5LIMWI—Sa)

| ’SL)—=oay
o HiFYICEITETNBI-RN7OY%
o PARALLEL/END PARALLELF4L75717 CERIZIEE

VAR
: ALK
1ISOMP PARALLEL —r— ALYKR&ERE
70v9
ISOMP END PARALLEL ——«— ZALYKRRR

- NFLIV)=2ayALSHORUHL, NFLIN)—-2a>RANORURAAIE
et (AN

« NLWV)-OayALSHOFHESFRVHLIEHFENS.
BUHIN=FREFFALYRTIEINERTTENS.
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OpenMP (LK : Work-Sharingiis

| Work-Sharing##i&

o HFEFN7=0-FDFERZZFALYRTREILTRIT

o NFLIV)=arAlckIThIE LSk

ifiFID0OIN—7

ISOMP PARALLEL

ISOMP DO
DO I=1,N

ENDDO
ISOMP ENDDO

ISOMP END PARALLEL

V=T OE)BL &
ALYRNTEST
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5t ay
ISOMP PARALLEL

ISOMP SECTIONS
nays4

ISOMP SECTION
JaysB

ISOMP END SECTIONS

ISOMP END PARALLEL

70v%7AB%ZRI2 DAL YR

TRAT

SINGLEE& > ay
ISOMP PARALLEL
ISOMP SINGLE

av74
ISOMP END SINGLE
ISOMP END PARALLEL

70v7A& 1D
ALYRETTERLT



OpenMP®fl : itiFIDOIN—T

Bl: S ICHMBEMEALTIEST
ISOMP PARALLEL PRIVATE (X)

ISOMP DO REDUCTION (+: §) — | BHO&>LU#sv 2w RH

DOI=1,N AHBER, ..
X=W{O % (-0.5) REDUCTION clause %&gitt
S =S+ FUN (X)

enddo

1I$OMP enddo
ISOMP END PARALLEL

FoBlEDL>.= | 'SOMP PARALLEL DO PRIVATE (X) REDUCTION (+: S)
BTLETED PO 1= N
= X =W % (-0.5)
S = § + FUN (X)
enddo
ISOMP END PARALLEL DO
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OpenMPO L ¥R(FHRIE:E)

| RIS

¢ ALYREIDOREEANIEZIEE
® MASTER, CRITICAL, BARRIER, FLUSH, ORDERED

MASTER
ISOMP PARALLEL

ISOMP MASTER
70944
ISOMP END MASTER

ISOMP END PARALLEL

7'099A%&v A2 ALYN
72\ TELT

Page 64

CRITICAL
ISOMP PARALLEL
'$0MP CRITICAL
ISOMP ENI% CRITICAL
ISOMP END PARALLEL

7'A7AIE T ALYNTHEftRE)
ICRiTEhD

ATOMIC
ISOMP PARALLEL DO

ISOMP ATOMIC
X=X+3t
ISOMP END PARALLEL DO

EZOKAXD X OO-NMH5
AMPETERAVYNTHMEAIC
K195



OpenMPOD{L#k : 7—2zx3-7Ei

| F=42a0-7BH#
o NFLIIV)=aryARADOEHRD, AL YRTESE (private) &L:23HHEF
(shared) &%:2H % PRIVATE/SHARED clause CigE
- F—220—7DEXEfEIEshared (DEFAULT clause CEE ML)

il :
ISOMP PARALLEL DO PRIVATE (WK)
DO I=1.N - WKiZprivate, X,Y,Nidshared
CALL SUB (X.Y.WK) - 47'W—F/SUBDO-HIZE# I private
ENDDO - DOZE$Y | I& private

ISOMP END PARALLEL DO

o THREADPRIVATEF 1L 75717
- ZAftEHETOYv7%E2AL YR Tprivate&d 3

#:  coMMON /CM1/AB
ISOMP THREADPRIVATE (CM1)
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OpenMPOEITR 717 3")

| RITREN-F>

-
OMP_SET_NUM_THREADS AL vKD#%&iE

OMP_GET_NUM_THREADS IRTEDALVK#1%183
OMP_GET_THREADNUM HADALVK&ES%8S
OMP_GET_NUM_PROCS f{EMWEEL7 OtV Y #%"S

OMP_SET_DYNAMIC ALy RO BN HI#E DON/ OFF
fte
-

b e D%

1 | )
OMP_INIT_LOCK 0v QAL
OMP_DESTROY.LOCK B~ MBI
OMP_SET_LOCK Oy ok
OMPUNSETLOCK O/ 0@k

| OMP_TEST_LOCK OvoOesheR#HS
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OpenMPDIRIEE L
| RIREH

/OMP_SCHEDULE
IEFIDON—T D5 EIFF A Z:#4R (STATIC/DYNAMIC/GUIDED)
FORTRAN9O/SXMEE=E 1l STATIC

OMP_NUM_THREADS
RITHRICERTIAL YR BESRE
OMP_DYNAMIC

RITPICERTIAL YRR EE 2R/ BEDI-TS
FORTRAN90/SXDEEEfEIE FALSE (#%h)

OMP_NESTED

LN DF AT/ TS
\_ FORTRANGO/SXTI3 MFUNDRZAMIFE (IR

~

/
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FORTRAN9O/SXTOEM A iE

| #7723 -Popenmp ZIEEBLTIAV /NIy
il :
% sxf90 —-Popenmp prog.f90
FE

- BRAEFHE -2 /02 R 7BEDAINANAT a3 RICIER TELRLY
- J—AROEHEBHEIHE -2 7O A 7BED L IIVIERTIIENE LS

| OpenMPRAEDL IN15A T ay
-Wf,-ompctl condcomp/nocondcomp
condcomp R EREREFMICTS
nocondcomp R TEBIEREEMNICT S
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FORTRAN9O/SXMEFE G\

| E5LW)=2a LTI TN —F o HhEREhD
program main

ICDIR OMP_RESERVE
call main$1

progfam main ICDIR OMP_RELEASE

!$om:.>"paralle| = p
1ISomp do en
do —1n subroutine main$1
enddo ICDIR OMP_PARALLEL
1Somp enddo ICDIR gM.P:P¢RDO
1$omp do oi=1,n
doi=1,n dd
do iter = 1, maxiter T %?VIPOPARDO
...... 1 O AR
endednod do do iter = 1, maxiter
ISomp enddo dd
ISomp end parallel — enddoen 0
end end
J=A BT A—S
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