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-- practice.3 REMRMES3
-- practice 4 REBE4
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$ cp -r /mnt/stfs/ap/lecture/parallel .
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2. WHUEDRNR
VBB FY—2

- R WY AR EZ T IEDORIEETH <GS (CEER)L—TDIUE

EEZHDED
TODS LO—EER

gosa=0.0
DO K=2,kmax-1
DO J=2,jmax-1
DO I1=2,imax-1
S0=a(l,J,K,1)*p(1+1,J,K)+a(l,J ,K,2)*p(I,J+1,K)
+a(l,J,K,3)*p(1,J,K+1)
+b(1,J,K,1)*(p(1+1,J+1,K)-p(I+1,3-1,K)
-p(1-1,J+1,K)+p(l-1,J-1,K))
+b(1,J,K,2)*(p(l,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(I+1,J,K+1)-p(I-1,J,K+1)
-p(1+1,3,K-1)+p(I-1,3,K-1))
+c(1,J,K,1)*p(1-1,J,K)+c(1,d,K,2)*p(1,J-1,K)
+c(1,3,K,3)*p(1,J,K-1)+wrk1(l,J,K)
SS=(S0*a(l,J,K,4)-p(1,J,K))*bnd(l1,J,K)
GOSA=GOSA+SS*SS
wrk2(1,J,K)=p(l,J,K)+OMEGA *SS
enddo
enddo
enddo

O©CoO~NOOUITAWNBE

AOBA-A 1777 D3E47H5E (349 29.2 72

spikkkk Program  Information sk

Real Time (sec)
User Time (sec)
Vector Time (sec)

Inst. Count
V. Inst. Count

V. Element Count
V. Load Element Count

FLOP Count
MOPS

MOPS (Real)
MFLOPS
MFLOPS (Real)
A. V. Length

V. Op. Ratio (%)

L1 Cache Miss
CPU Port Conf.
V. Arith. Exec
V. Load Exec.

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

VLD LLC Hit Element Ratio (%)
FMA Element Count
Power Throttling (sec)

Thermal Thrott

ling (sec)

Memory Size Used (MB)
Non Swappable Memory Size Used (MB)

EBE DI 777ZAVND Z & TERITIREIDREHEN BT EE (C

29.197789

29. 195756

29. 140397
48890015000
9526901371
2379556386510
1290401280363
1411535186639
98044. 806708
98038. 074875
483417. 227656
48343. 908098
249. 772334
98. 624867

0. 043942

0. 000000

14. 230997
14.907927

57. 370385
443575440000
0. 000000

0. 000000

708. 000000
98. 000000
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3. ‘EE8MEE1 (practice_1)

VIEEF > FN—2DD1 A7 ET

IRE R &
EET1L 7B practice_1

ER/)—-RA771I sample1.f RER A=
377710 run.sh TOFEFIIRA

o FIED : EEFT Lo MNUZEBEL TS IZEL\.

% cd parallel/practice_1

e FlED : O )\AILUFT.
% nfort samplel.f

o FIE® : a3 T=ZIFALFET.

% qsub run.sh
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3. EEMERE]1  (practice_1)

o FE® : FHFRZHRUET. #E&R(Ipl-practice.o. XXXX(XXXX(Z(E= =
JIDRADET)ELUTHRINENET.

% cat pl-practice.0.XXXX
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4. WHEDxIR (BEHALF)

| BBiSbIC K DERDI7ZFRAL, RTRRZEHE

AOBA-A 1VE (8a7)

30

Vy.w

N
(¢}

/

E178E (7))

(6)]
/:
(@)
ob
N
~
(@)}

o
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5. ‘E38MEE2 (practice_2)

VBB > FY— O DB HIET

IRE R &
EET1L 7B practice_2

ER/)—-RA771I sample2.f RER A=
377710 run.sh TOFEFIIRA

o FIED : EEFT Lo MNUZEBEL TS IZEL\.

% cd parallel/practice_2

e FlED : a2 )\AILUFT.
% nfort -mparallel sample2.f

o FIE® : a3 T=ZIFALFET.

% qsub run.sh
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5. EZEME#E2  (practice_2)

o FlE® : #FR=ZMRLUEXT. #ER(EIp2-practice.o. XXXX(XXXXIC(E=3
JIDRADFEI)ELTHEMENZET.
% cat p2-practice.0.XXXX

=37 774)L (run.sh) @ OMP_NUM_THREADS T:i&E UI=EMENS, EI1THF
DAFERETRDFET,

OMP_NUM_THREADSO#{EZ1~8 (AOBA-AIZ87)7) (CEEIB_LET, =
ITEEINE LI B EZER LTS IEE0N,
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AFILE

| M5 (CSEITRIRE(HD D UVNIRIRDEH D )Bh5r L5 (CEITAA]
(HDVNIZHIRDIRVNEBDZ R DI, MBI (CEITOJREE D =18
D7 (CPU)ICEINDHTS.

| TEBRITZLDEBDZMFINUEDIRE UIRFNIX, D73
G UTESIERMNESNIRN.

W F{ExT RGP 7> DALER K5 s

A N4> — -
WwHHEEa S RONER
(MFNEDIMREPD & IEXREFD DEFIDEET)
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7. WHNEDIRF (77 L5 —ILOEA)

eams\=/ e]\=8 e——N=106 N=32

32.0

N(Z377(CPU)ZX

n
1

ﬁ 240 1 S = a e GFIMEERN100%H
5 1-a+ & STHBC LIS
) 1 TR R (S (C
B 100 EFTD
8
A
% 8.0
>=|

0.0 —

og\o R Qo\o '\og\o {1/6)\0 (ﬁ)o\o S Qo\o ogg\c b§\° b?g\o S Qo\o ogg\o S Qo\o ‘.oog\o A Qo\o /\Gg\o S Qo\o qgg\o S Qo\o CZ?:g;\o'\Q Qo\o
WEH{EEa
WiFEER & M EDZNRDBER (T LAY —ILDER)

M52 100% (3 D1E/RN(T —F DAL TS ZERIL
HFEA)N, AIEEIRR D 100% (SEDHVRIFNIEESIHEDRK
SYASYIESECETISY ghANA

~L
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8. MFLIBES)L

A E31 57 —F5FOF v (G UIBO38 (2 E)D

SEAICK> TEOHIDIFIILIENGD D

1. DEATEVILY|ULE oo

— AOBA-A(RILFJ—R) — T ¢ T

— AOBA_B(?) 1/9:/ — I{) Fle| | EEE FiolE FiilE
2. HEAEUMLSINE o) | | o) | | o) | | (core

— AOBA-A(S>)L)—R) ' S '

- AOBA-B(=>7I)L/—R)

® MPI(Message Passing Interface) (33 EX X £ il 5! {L1E

DIZSHDALFFIE
® OpenMP(IHB AT US| IIEDZsbDiLiFI 3

=k

Page 15




8. MFNNIBEES)L

| ALFIIRET )L DI

AEUESE

HB/ AT UL TEIA EUALSI QLR

ATV ZER] IARTOOATHEIUAETYUZER | Ry NID—TLEDINTDOAE

%z 777t X a8 ZER =T —S\E(CKDI7D

(T

FIFARIgE/RLSIETFE | EHENLAIME MPI: 54,

OpenMPilizl{L, (3%¢1)

MPI %14,
FIFETIEE2AOBA-AD | 8177(1VE) 2,048 177(256VE)
7%
F|FABE]gE7XAOBA-AD | 48GByte #12TByte

X1 HEAEYARHEATVILSIE, DEXEYURBIEDERXAEY LIKLED) \
JUw RiiFINIEN E] e
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9. WHEDITHR

2’0935 A1k 0 =
3 J005 A
— YIIRIR R — —
2o R i A6 51 14 2ofs (C L B AFUE
5 (PRl EUE)
REOAWHTE I (T & B AFE

- / . /
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9. WH{EDITSR

ZEfH (CRKDAFME (A A=)

RIS BX
D s
S
B

&4, J77(CPU)IC
ZDHTS

7C

&
A

JOtX0 JOotXx1 JOotXx?2

7C

R
B

7C

&5
C

QLI 1

QLI 2

QLIE n
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SLEE 1

QLI 2

QLI 2

QLI 2

QLI n

QLI n

QLI n

¥
[&]

=]
ivi

e

Page 18




9. MAH{EDITHR
ZERA IC L B AHUE DA

S CD

| DOJL—Z (FORTRAN) &
Bl) wRiEDENE
do iz=1,100
do iy=1,100
do ix=1,100

=L

i 5| QLI

QLIE 1

QLI n
enddo
enddo
enddo

q
end
\ enddq

//;o iz=1,25
do iy=1,100

dg S=—1—1
//;o iz=26,50

do iy=1,100 \\W
d : 1 100
/};o iz=51,75
do iy=1,100

[ d7/;o 1z=76,100 ‘\\

enq do iy=1,100

\ enddq do ix=1,100

end .
enddo LEn
. enddo

enddo

\\fnddo J//

K DSMAID)L—T THFNE T D ENEE
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1. OpenMPH#IE

OpenMP & (&

o HEATUVYI DIRIR(CHITDWLINEGED 1 D.
® I RTICK D Tt Rl gE/RiIBPhZ fa 7.

o JOUSLAETEIC, WAHEEIETE LU TET.

® Fortran® KU, CEECHEFHTIEE.

REAEYY AT
XEY

CPU CPU CPU ... CPU

(core) (core) (core) (core)
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1. OpenMPH#IE

OpenMPil: 5| DEARIEIE

® !$OMP parallel & 1$OMP end parallelfe/rRX [CEHFENT=ELEFE D
WIEZEEND ALY R TEITIT D.
o AL v REIIEITHDIRIRELINTIEET D.

,— BISTHTIEELE
. Wi HIRT ZLv RETLFI(
MB [ N N ] ;ﬁ
1I$SOMP END PARALLEL
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2. OpenMPigRX (3ER1T)DEEH

® Fortran OS5 LADEE

[1$OMP [#E7~X]] Z1 WS LBMNSIEETD. DOXZNF{LT Dime
(FDOXDHI(C [parallel do] Zi8~L, ENDDOX D& AI(C [end parallel
dol =8I D.

(f51)

I$SOMP parallel do
do k=1,nz
do j=1,ny

enddo
enddo
I$OMP end parallel do

o COOUSLDGE

[ #pragma omp [1E87~"X]] TIEE I D. forXziliFtd Dizad
[ parallel for] &38R93D.
(451)

#pragma omp parallel for
for(i=0;i<100;i++){
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3. OpenMP{ED (#8FNETET OO0 S L)
o 1H'510000D#H1%RD B (BRETTOIS L)
- ™

program samplel
parameter(n=1000)
integer sum
sum=0
doi=1,n

sum=sum-+i
enddo
print *," Total =",sum
stop

N end )

o FEDWHRIEDOIL—T

v 15 10000#FNZETE I D)L — T HIER.

vV )L—TROEHsuMISBINEEREZIT>THD, FEALY FHMELICZE
MSsUuMDRRBZEFNI D EIEUVERIESNRL.
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3. OpenMP{LDAI ($8F051E

5 /N)

e DOJ)L—TJ D54k (F parallel do ~ end parallel doig/~RX TR

Ly Ri5bzigaR

ISOMP parallel do
doi=1,n
sum=sum-i
enddo
ISOMP end parallel do

» 1$OMP parallel do~!$OMP end parallel do

THARZDOIL—T (IR LY RETHEI SN
5'](:%?‘?3“5

7"(11~125 126’\/250 251’\/375 376~
500, 501~625, 626~7/50, 751~87/5,
876~1000& X Lw RICE J'Oéfbﬂ%

ALwv RO Albwv k1 ALbw k2 AL v 7
do i=1,125 do 1=126,250 do i=251,625 do i=876,1000
sum=sum-i sum=sum-+i sum=sum-i sum=sum-i

enddo enddo enddo enddo
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3. OpenMP{bDBI (FRFIETET O S L)

BEDAL v FHOERICE UERICESTIADTREMN B DHE (C(IEFENUNE
o BXAL v ROTERBRIIEHsuM(CIZINT DH', ALY FHEUMHEIED
EZEHI S LEUVVERSSNRAVWCY, [BhlREENBE.
o XLy RZEICEDINZAGINT DrtE = AR L, ALY ROFTERZRD
BRI EZEsuMI(CE LIADKEND D.
o COLDOINERE VYD g iER] LA,

® ZHsum(CHITDERFVUAY IS I UEBTHDZ EZRRT D.
I$OMP parallel do reduction(+:sum)
doi=1,n
sum=sum-+i
enddo

ISOMP end parallel do

» reduction(ARL —5 BHEURN) AT 3> %GLhkT S, AXL—FD
BRELTHI(+), =(-), RO+ )DENCERX - &/IMBZROHDMAX, MINT®
Ew MEFZ{TSIAND, IOR, IEOR, RIEEEM
AND., .OR., .EQV., .NEQV.ZEMI BTN TES.

- WEROEBZIEET 3HBEE, EREUINENII() TR TR 3.
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4. OpenMPDEEhE

AW RS ECHI UTZESNDW B (LIRSS (CIIERNNE

® PRIVATEISTE

ALY RS E(D UTZEHNWMERGS(C(E, PRIVATEAWWME THD.
OIL—THRTEZERT - ZHEUTERASN TV
QUEFMEDIER E 72D I — T EEDIRTTESFFIZIRECH

~

/(45
do k=1,nz
do j=1,ny
do i=1,nx
a(i,j) = b(i,j,k)*c(i,k)
_ d(i,j k) = d(i,j,k) + a(i,j)*e(,k)
(!$OMP parallel do private(a)
do k=1,nz
do j=1,ny
do i=1,nx
-

//(

> Eedllaldi,joRc UhMEZe’, JL—T
TEE - ZBanTu\a.

> COEIDIREHFIR LW RS & (CHElg %=
BRURINE, EULVWWERZBEB3CE
MNTER0N.

> BeFlallxt L TI$OMP parallel doigrX
CTprivatefsEZiTD Z &ICKD, BLdla
(FRALw RS & (IR U Fe Bk (CHE R &
na.

> private(a,b,c)D XD (CHELDES], &
H=IBTE I D &NV EJEE.
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4. OpenMPDEEhE

® do~end doig’rX(parallel~end parallel)

v BT BIERD) L —THIFEDRRE TR BI5E, parallel do~end
parallel dotiE "X ZEHE L DTIFR<, do~end dofer~XZHEED.
ISOMP parallel

1SOMP do

 BFEHRON—T }

ISOMP end do
ISOMP do

 BIHEHRON—T ]

1ISOMP end do
1ISOMP end parallel

v" parallel~end parallelD&EHZLITDZ E(CKD, OpenMPICKBA—
IN—=\vY RZERT D ENTIEEICIRD.
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4. OpenMPDEEhE

® TEFOF A L w RETPE X L v RES(IEZTLH U CEUSRIEE

omp_get_num_threads( )ALy REIDEVE
omp_get_thread_num( ) :BXL v RESDOEUS

o XL v REBESTUIREZFIH T DIRIC{EH.

o OpenMP%ﬁlﬁ)l/ F> = ERITDIEEIL, moduledomp_libZzfERT

program sample2

use omp_lib
ISOMP parallel

print *,"Hello World",omp_get_num_threads(),omp_get_thread_num()
ISOMP end parallel

stop
end
PR A LW REEBRL Y RE
"?%HQ bprmt@'% # setenv OMP_NUM_THREADS 4

# .Ja.out
Hello World 4 0
Hello World 4 1
Hello World 4 2
Hello World 4 3
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5. >)\A)L - FEITRAOUT ~

® OpenMPTOU S A% I\AILTBICIF, OpenMPEHD
AI)\AILAT2a>ziEELTCOAI/INAILT DRENHD.

o Ii5ERZ, EITHIRIRZZEY (OMP_NUM_THREADS) T1EEY
D.

O AOBA-ADZE

nfort -fopenmp [#F7¥ar] J=R77P1IVEA

X 0penMPZFIA 9 diHE (E-fopenmpAT > 3 > HwiA
X BELF){E-mparallel & DN I EE

FEITDAT T Sl © AOBA-ADF1—HISE.
#/bin/sh BEMADZS(E [sx] CIEE. X&EF
@ fFERAVEZ#ZIEE. (wA)
#PBS --venode @ ® (EFEEER (B %R,
#PBS -l elapstim_req=@ [hh:mm:ss] DKDICIETE.
#PBS -v OMP_NUM_THREADS=@ B2 (E1BERIEDIBE I
#PBS -| elapstim_req=01:30:00
cd $PBS_O_WORKDIR CHTE. (GIEEIR CHER)
_/alout (;ﬁ-t) @ XI/“J I\HQ%}E}:E (Hﬁj((g:8) .

(HBLHDIZEWR)
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5. >)\A)L - FEITRAOUT ~

O AOBA-BDIZE

B\ -T2 At> 5 —DA0OBA-BTEOpenMPOER (LT]EE.
OpenMPOIELA ZAOBA-AEE L.

J0O> bI> R(front.cc.tohoku.ac.jp) LT, U TFTDOLS(CO>I/NAILTB.

cAOCCOVINS

flang —fopenmp [#7¥3Y] J=R771 V%
GCCaVINTS

gfortran —-fopenmp [#A7ay] J=R771 N
‘IntelAIN15

ifort -qopenmp [#7¥a3Y] J—=R771NVE
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5. 32)\A)L - FEITROUT b

AIINAILAT 3> (CDNTIE, UTESE
AOBA-A [ AOBA-A FIHGE]
https://www.ss.cc.tohoku.ac.jp/sx-aurora/#toc4
[Fortran Compiler 11— —X/- R
https://www.hpc.nec/documentation

AOBA-B [ AOBA-B FIHGE]
https://www.ss.cc.tohoku.ac.jp/Ix406rz-2/#toc4
[AMD Optimizing C/C++ Compiler]
https://developer.amd.com/amd-aocc/
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5. >)\A)L - FEITRAOUT &

® AOBA-AD>3 TS5

FIARRE | #1—%8 | VEM KRITREB(X) RAZBIFRE AEYHLX
EXEfE/ RKfE
i o) sxf 1 1VE 18508/ 16503 48GB X VE#
H*E SX 1 1VE 72050/ 720854
2~256 | SVER{iTHEf® (VHEHAL L)
SXMiX 2~8 1VEHL( THEf® (VHZ AT %)

X 0penMPDAHDIF T (IEEVEISFIATETEHA.

XMPIEDI\ATUw REITICDWVWTIF2021FERBIADBER(CTHFULSFHBAL
x9.

® AOBA-BDO>3 U5 X

MAkE |F1—8 | /¥ RAEBRME XEYGAX
(-bATar) | BREfE/RAAE
H*A X 1~16 72158/ 72085 256GB X /—K#4

X 0penMPDHDILF T (S8 — RIFIATEEzEA.

XMPIED)\A T w REFTICDOWNWTIF2021FERIADFEE R (CCTEFULSEFHBAL
x9.
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6. ‘EHEMFE3  (practice_3)

VIEEF > F~N—2 01— RZEOpenMPTHIFI{E L, T (lcore31T) ,
BENLFEIT EEITHREZ IR T B.
IHE R %
EXT1L7N) practice_3
{#ER/—RA771I sample3.f RE VE
377710 run.sh TOFEFIRA

o FED : EFET v Lo NUERBEBIL TS ZEL).

% cd parallel/practice_3

® FIEQ : T4 TY—-XIT7A1)L%=wREL, OpenMPilli5l{t7ZzEhE L
L&\,

Page 34



6. ‘EEMEE3  (practice_3)

¢ > b BJI)IL—F>jacobiDEATFDIL—TT202iTEHDIL— T (FilliFIHEAE]
(7Z7ZU. 20417H. 22417BENMSD3E/L—T(FMF{EE]EE

202 +———- > DO loop=1, nn

203: | gosa=0. 0

204: |+———- > DO K=2, kmax-1

205: | [+——> DO J=2, jmax-1

206: || |+—> DO =2, imax-1

207: []]] S0=a (I, J, K, 1)*p (I+1, J, K)+a (I, J, K, 2) *p (I, J+1,K)
208: []]] 1 +a(l, J, K, 3)*p (I, J, K+1)

209: []]] 2 +b (1, J, K, 1)* (p (I+1, J+1, K) —p (I+1, J-1,K)
2100 |11 3 —p -1, J+1, K) +p (I-1, J-1,K))

211 [ 4 +b (1, J, K, 2) % (p (1, J+1, K+1) -p (I, J-1, K+1)
212 ||| 5 -p (I, J+1, K-1)+p (1, J-1,K-1))

213 []]] 6 +b (1, J, K, 3)*(p (1+1, J, K+1) -p (I-1, J, K+1)
214: |11 7 —p (I+1, J, K-1)+p (I-1, J, K-1))

215 []]] 8 +o (I, J, K, D*p(I-1,d, K) +c (I, J, K, 2)*p (I, J-1,K)
216: []]] 9 +c (I, J, K, 3)*p (I, J, K-1)+wrk1 (I, J, K)
217: [ SS=(S0*a (I, J, K, 4)-p (I, J, K)) *bnd (I, J, K)

218: ||| GOSA=GOSA+SS*SS

219: []]] wrk2 (I, J, K)=p (I, J, K) +OMEGA *SS

220 || [+— enddo

221 | |+—- enddo

222 |[+——— enddo

223 | c

224 |+——- > DO K=2, kmax-1

225: [|+—> DO J=2, jmax-1

226: || |+—> DO =2, imax-1

227: |11 p(1,J, K)=wrk2 (I, J, K)

228 |||+ enddo

229 | [+—- enddo

230: |+——- enddo

2310 | c

232: +————— enddo
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6. ‘@& 3  (practice_3)

e FE® : a2 )\AILUFT.
% nfort -fopenmp sample3.f

o FE@ : 3 T=ALET.
% qsub run.sh

o FEG : FHFRZMHRULET. #E&R(Ip3-practice.o. XXXX(XXXX(Z(E= =
JIDRADET)ELUTIRINENET.

% cat p3-practice.0.XXXX

=37J7J74)L (run.sh) ® OMP_NUM_THREADS Ti&%iE U=EYENY,
EITEFOWFENEIRD X T

OMP_NUM_THREADSO#1{E%x 1~8 (AOBA-A(Z8177) (CEEIT D
ET, ETEHEARLT DS EEERL TS ZEN.

F/z, OpenMPOEITHER &, EHERRE]L, HIBE2OERITHER TR
LTLIEE0N,
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6. ‘EEMEE 3 (practice_3) DDO&E
& BRIEHAIEU T DL S (CIEET 2.

38 C ----m-mmmmeeee
39 C "use portlib" statement on the next line is for Visual fortran
40 Cto use UNIX libraries. Please remove it if your system is UNIX.

L R O

42 ! use portlib

43 use omp_lib < ,’fi—f@bﬂ
44 IMPLICIT REAL*4(a-h,0-z)

45 real*8 t1,t2 /

(EH)

81! cpuO=dtime(time0)
82 tl=omp_get_wtime() &=

{Z1E(—D_LDIT LIEHR)

83 C

84 C Jacobi iteration

85 call jacobi(nn,gosa)
86 C

87 ! cpul=dtime(timel)
88 t2=omp_get_wtime()
89 ! cpu=cpul
90 cpu =t2-t1
91 flop=real(kmax-2)*real(jmax-2)*real(imax-2)*34.0*real(nn)
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6. JEEME3 (practice_ 3) DD

¢ HIJ)L—F2intmt@LTD DEPD ZIBSH T IZUN,
148 ) 171
149 172 do k=1,kmax )
150  do k=1,mkmax | 173 do j=1,jmax
151 do j=1,mjmax 174 do i=1,imax
152 do i=1,mimax 175 a(i,j,k,1)=1.0
153 a(i,j,k,1)=0.0 176 a(i,j,k,2)=1.0
154 a(i,j,k,2)=0.0 177 a(i,j,k,3)=1.0
155 a(i,j,k,3)=0.0 178 a(i,j,k,4)=1.0/6.0
156 a(i,j,k,4)=0.0 179 b(i,j,k,1)=0.0
157 b(i,j,k,1)=0.0 180 b(i,j,k,2)=0.0
158 b(i,j,k,2)=0.0 @ 181 b(i,j,k,3)=0.0 — @ @3
159 b(i,j,k,3)=0.0 =— @ 182 c(i,j,k,1)=1.0
160 c(i,j,k,1)=0.0 183 c(i,j,k,2)=1.0
161 c(i,j,k,2)=0.0 184 c(i,j,k,3)=1.0
162 c(i,j,k,3)=0.0 185 p(i,j,k) =float((k-1)*(k-1))/float((kmax-1)*(kmax-1))
163 p(i,j,k) =0.0 186 wrk1(i,j,k)=0.0
164 wrk1(i,j,k)=0.0 187 bnd(i,j,k)=1.0
165 bnd(i,j,k)=0.0 188 enddo
166 enddo 189 enddo
167 enddo 190 enddo ]
168 enddo 191
169 — 192

@ 150/7BM5168{TEETDIL—THUMSI{LaJgEMRET UE T .

@ 17247851901 7BE TDIL—TH WS eI gEMRET UE T .

@ OB KXUV@EBI(CHIFNERIBE THNIL, 2DDEHE T DIL—THUFHUEDI R EIRD Iz, OpenMPiliFl
{EDA—)\—~\v RZEFHITDELD, parallel~end parallel 8 ~xXB LUdo~end dolE =~ ZHAHED
BCERUET.
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6. JEEME3 (practice_ 3) DD

¢ BJJ)L—F> jacobi DLLTFD DEFDZIRHT TN,
218 DO loop=1,nn 243 —
219 gosa=0.0 244 DO K=2,kmax-1
220 245 DO J=2,jmax-1
221 &) 246 DO I=2,imax-1
222 DO K=2,kmax-1 \r @ 247 p(LI.K)=wrk2(,JK) —@ L @)
223 DO J=2,jmax-1 248 enddo
224 DO I=2,imax-1 249 enddo
225 so0=a(l,J,K,1)*p(1+1,J,K)+a(l,J,K,2)*p(1,d+1,K) 250 enddo
226 1 +a(l,d,K,3)*p(1,d,K+1) 251 =
227 2 +b(1,d,K, 1)*(p(1+1,J+1,K)-p(1+1,3-1,K) 252 _
228 3 -p(I-1,J+1,K)+p(I-1,3-1,K)) 253 C
229 4 +b(1,d,K,2)*(p(1,J+1,K+1)-p(l,d-1,K+1) 254  enddo
230 5 -p(1,J+1,K-1)+p(1,J-1,K-1))
231 6 +b(1,d,K,3)*(p(1+1,J,K+1)-p(I-1,J,K+1 . e )
232 7 _p((|+1,J,K)_1()r?|.(p(|_1,J,K_;z);)( ) @ 22247BH524017HETDIL—T M54 E]
233 8 +c(1,d,K,1)*p(1-1,d,K)+c(1,d,K,2)*p(1,3-1,K) BEMRETUE Y. WFMEICHEBRTSANR— K
234 9 +c(1,d,K,3)*p(1,d,K-1)+wrk1(l,J,K) IBEEVA IS 3 EERTERIRSTIUET.
235 SS=(S0*a(l,J,K,4)-p(l,J,K))*bnd(l,J,K) @ 24447BH5250i7EHETDIL—T M54 E]
236 GOSA=GOSA+SS*SS ) s @t LD
el B mana a e n e ek ® OBLVQEEICHIULTRETHNIE, 2D
239 enddo HHE I DIL—THUMFUEDIRETRD Tz,
240 enddo OpenMPﬂﬁﬁ'h'b@Z’—/ (_/\“J I\’S:$§/}3363'5<J:
241 S, parallel~end parallel #8R=~X B KUdo~

end dofE R ZHAENDE CERRULET.
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7. HEME4  (practice_4)

VIEEF > F Y —2 11— R%&EOpenMPTilliFI{E L, AOBA-BTEITL,
AOBA-A &L LEER T 3.

IHE R %

EXT1L7N) practice_4

{#ER/—RA771I sample3.f HYEREINEREER
377710 run.sh TOEFIRA

o FIED : fEEFT v L O MUZERBEBIL TS TS,

% cd parallel/practice_4

o FEQ@ : V—-XXTIT7A)L=2JE—UZET.
% cp ../practice_3/sample3.f.

e FlE® : a2 )\AILUFT.
% flang —fopenmp sample3.f
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7. SEZEMRE4 (practice_4)

o FIE® : >3 T=IFALFT.

% qsub run.sh

o FE®D : FHR=ZMERLUEXT. &R (Ips-practice.o XXXX(XXXX(Z(E= 3
JIDRADET)ELUTIRINENET.

% cat p4-practice.o0.XXXX

=37 TJ74)L (run.sh) @ OMP_NUM_THREADS T:i%E UZHUENY,
EITIRFDMLFNENETRD KT,

OMP_NUM_THREADSO#EZS8E £ (AOBA-Bld&A128177) (CE
FHIBRCET, ETHENEILT D EZHERLTSIEEL).

x/z, OpenMPDEITHER &, BEIEME3OEITHEREZLER LU TS ES
VAR
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. BF (55 XHR)

OpenMPOALAR (Ehttp://www.openmp.org/ TSN TULB.
IEBAREBTHRESN TLDESEEFEE [OpenMP(C KD MFNTOTS

=20 EBESTEE ] (ABAE LEKRSE)T [OpenMPiLli5IZO020
S=20] (BEBEXE, hatthy M AFL)RENS .

W05 BB ik
8 HE

ll';' 4
lEﬂ

OpenMIR... | - A

(s

W.--w“p

TNFIAPCPUBKD
)A\ QW7D77\/7

TR

\ —
y 7R7'33
N mn 3%
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Cskkokokriokickkickkickkiokriokickkickkickkiokkiokkkiokkiokkiokokiokoriokkkiokkkokokkokokdo
C
€1.))
C
I use portlib
use omp_lib
IMPLICIT REAL (4) (a-h, 0~z)
real (8) :: t1,t2
C
C PARAMETER (mimax=513, mjmax=257, mkmax=257)
PARAMETER (mimax=257, mjmax=129, mkmax=129)
C PARAMETER (mimax=129, mjmax=65, mkmax=65)
C PARAMETER (mimax=65, mjmax=33, mkmax=33)
C
C ttarget specifys the measuring period in sec

PARAMETER (ttarget=60. 0)
CC Arrey
common /pres/ p(mimax, mjmax, mkmax)
common /mtrx/ a(mimax, mjmax, mkmax, 4),
+ b (mimax, mjmax, mkmax, 3), ¢ (mimax, mjmax, mkmax, 3)
common /bound/ bnd (mimax, mjmax, mkmax)
common /work/ wrk1 (mimax, mjmax, mkmax) , wrk2 (mimax, mjmax, mkmax)
CC Other constants
common /others/ imax, jmax, kmax, omega
C
I dimension time0(2), timel (2)

I integer ts, te, tr
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HEEEIE3  [O1ZA
C
omega=0. 8
imax=mimax—1

Jjmax=mjmax-1
kmax=mkmax—1
CC Initializing matrixes
call initmt
write(x,*) ' mimax=",mimax,  mjmax=",hmjmax,  mkmax=", mkmax
write(*, %) ' imax=", imax,’ jmax=", jmax,  kmax=", kmax
CC Start measuring

C
nn=10000
write(* %) ' Start rehearsal measurement process.’
write(*, %) ' Measure the performance in 10000 times.’
C
I cpuO=dt ime (time0)
t1=omp_get_wtime ()
C

C Jacobi iteration
call jacobi (nn, gosa)
C
I cpul= dtime (timel)
t2=omp_get_wtime ()
! cpu = cpul
cpu=t2-t1
flop=real (kmax-2) *real (jmax-2)*real (imax-2)*34. Oxreal (nn)
xmf lops2=f lop/cpux1. 0e—6
write(x,%) ' MFLOPS:', xmflops2
I write(*, ' (a10,f10.3)") ' time(s):', (te-ts)/dble(tr)
write(x,' (a10,f10.3)’) ' time(s):’,cpu
write (%) ' gosa:', gosa
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C
C end the test loop
I nn=ifix (ttarget/ (cpu/3.0))
I write (%, %) 'Now, start the actual measurement process.’
I write(*,*) 'The loop will be excuted in’,nn,’ times.’
I write(x,*) 'This will take about one minute.’
I write(x, %) 'Wait for a while.’
C
C Jacobi iteration
I cpuO=dt ime (t ime0)
I call jacobi (nn, gosa)
C
I cpul= dtime (timel)
I cpu = cpul
I flop=real (kmax-2)*real (jmax—2)*real (imax-2)*34. Oxreal (nn)
I xmf lops2=f |op*1. 0e—6/cpu
C
CCC xmf lops2=nf lop/cpu*1. 0e—6%f |oat (nn)
C
I write(*,*%) ' Loop executed for ',nn,’ times’
I write(x, %) ' Gosa :', gosa
I write(x, %) ' MFLOPS:',6 xmflops2, ' time(s):’,cpu
I score=xmf lops2/82. 84
I write(x, %) ' Score based on Pentium III 600MHz :', score
C
I pause
stop
END
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C

C

Cosksiskoksiskaissksioksksioksksiokoksokakskskakokskskokskiokokokakskskakokskskokskokoksskokk sk sk ok ok ok ok
subroutine initmt

Cosksiskoksiskaissksioksksioksksiokoksokakskskakokskskokskiokokokakskskakokskskokskokoksskokk sk sk ok ok ok ok
IMPLICIT REAL(4) (a-h, 0-z)

C

C PARAMETER (mimax=513, mjmax=257, mkmax=257)
PARAMETER (mimax=257, mjmax=129, mkmax=129)

C PARAMETER (mimax=129, mjmax=65, mkmax=65)

C PARAMETER (mimax=65, mjmax=33, mkmax=33)

C

CC Arrey

common /pres/ p(mimax, mjmax, mkmax)
common /mtrx/ a(mimax, mjmax, mkmax, 4),
+ b (mimax, mjmax, mkmax, 3), ¢ (mimax, mjmax, mkmax, 3)
common /bound/ bnd (mimax, mjmax, mkmax)
common /work/ wrk1 (mimax, mjmax, mkmax) , wrk2 (mimax, mjmax, mkmax)
CC other constants
common /others/ imax, jmax, kmax, omega
C
I$OMP paral lel
I1$OMP do
do k=1, mkmax
do j=1, mjmax
do i=1, mimax
a(i, j,k, 1

)=0.0
a(i, j. k,2)=0.0




Ea 3 [EEH

a(i,
a(i,
b(i,
b(i,
b(i,
c(i,
c (i,
c(i,
p (i,
wrki

bnd (i, j, k

enddo
enddo
enddo
I$OMP end do
C
I$OMP do
do k=1, kmax
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do j=1, jmax
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7a3  [o]Z)

c(i, j,k 3)=1.0
p(i, j, k) =float ((k-1)*(k-1))/float ((kmax-1)* (kmax—1))
wrki1 (i, j, k)=0.0
bnd (i, j, k)=1.0
enddo
enddo
enddo
I$OMP end do
I$OMP end paral lel
C

return

end
C
Coroksktokokatokoktokokatokokatokoktokokiokokoiokokolokokokokokokokokokekokokokakokokakokokakokskokokskokokokokokokokok

subroutine jacobi (nn, gosa)
Cosksokokaiiookokokaioksokokoksiokskokoksksokskokokaiokokkokoksiokskokokskakokskokokskakokkokokakokokskokokkokokok

IMPLICIT REAL (4) (a—h, 0-z)

C

C PARAMETER (mimax=513, mjmax=257, mkmax=257)
PARAMETER (mimax=257, mjmax=129, mkmax=129)

C PARAMETER (mimax=129, mjmax=65, mkmax=65)

( PARAMETER (mimax=65, mjmax=33, mkmax=33)

C

CC Arrey

common /pres/ p (mimax, mjmax, mkmax)

common /mtrx/ a(mimax, mjmax, mkmax, 4),
+ b (mimax, mjmax, mkmax, 3), ¢ (mimax, mjmax, mkmax, 3)

common /bound/ bnd (mimax, mjmax, mkmax)

common /work/ wrk1 (mimax, mjmax, mkmax) , wrk2 (mimax, mjmax, mkmax)
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CC other constants

common /others/ imax, jmax, kmax, omega

C
C
DO loop=1, nn
gosa=0.0
I$OMP parallel
I$OMP do private (SO, SS) reduction (+:GOSA)
DO K=2, kmax-1
DO J=2, jmax-1
DO 1=2, imax-1
S0=a(l, J,K, 1)*p(I+1, J,K)+a(l, J, K, 2)*p (I, J+1,K)
1 +a(l, J,K 3)*p (I, J, K+1)
2 +b (I, J, K, 1)*(p (I+1, J+1, K) -p (I1+1, J-1, K)
3 —p (I-1, d+1, K) +p (I-1, J-1,K))
4 +b (I, J, K, 2)*(p (I, J+1, K+1)-p (I, J-1, K+1)
5 -p (I, J+1,K-1)+p (I, J-1,K-1))
6 +b (I, J, K, 3)*(p (I+1, J, K+1) -p (I-1, J, K+1)
1 —p (I+1, J,K-1) +p (I-1, J,K-1))
8 +¢(I,Jd, K, D*p (I-1, J,K)+c (1, J, K, 2) *p (I, J-1, K)
9 +c (I, J, K, ) *p (I, J, K-1)+wrk1 (I, J, K)
SS=(S0xa (1, J,K, 4)-p (I, d,K))*bnd (I, J, K)
GOSA=GOSA+SS*SS
wrk2 (I, J,K)=p (1, J, K) +OMEGA *SS
enddo
enddo
enddo
I$OMP end do

Page 50



Ea 3 [EEH

1$OMP do
DO K=2, kmax-1
DO J=2, jmax-1
DO 1=2, imax-1
p (I, d,K)=wrk2 (I, J, K)
enddo
enddo
enddo
I$OMP end do
I$OMP end paral lel
C
enddo
CC End of iteration
return
end
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