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Richardson ’ s Forecast Factory

RERAFEEIZIC 64,000 AZ2EHT, —A—ADMIRD B BIZBFADORXK
J[EERELU, ADDOAEFHEBRERBELANS2AKDEEZ I NI,
RITE|MDEEKS.

L.F. Richardson, Weather Prediction by Numerical Process, Cambridge, University Press (1922)
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TOP500 [CKDA—/\—O>E 11— 1aEbEE

B LINPACK RYFIY—7ICEDHFREDODA—/\—O 2 —% {1 500
VAT LZIEMAT (http://top500.0rg)

LINPACK R F¥—77+
LU DMEIC K DEIT—RABRRDBEZ KD IR FIY—070O7 T I,

m HFE2[0, Reim ¢ TOP500 U A Mz HFE
m International Supercomputing Conference (ISC) : K1V EiE

m The International Conference for High Performance
Computing, Networking, Storage and Analysis (SC) : XEFE
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2014 F 11 BDURX D (EHISS AT L)

RMAX RPEAK POWER

RANK SITE SYSTEM CORES  (TFLOP/S) (TFLOP/S) (KW)
1 National Super Computer Tianhe-2 (MilkyWay-2) - TH-IVB-FEP Cluster, Intel 3,120,000 33,862.7 54,902.4 17,808
Center in Guangzhou Xeon E5-2692 12C 2.200GHz, TH Express-2, Intel
China Xeon Phi 31S1P
NUDT
2 DOE/SC/0Oak Ridge National Titan - Cray XK7 , Opteron 6274 16C 2.200GHz, Cray 560,640 17,590.0 27,112.5 8,209
Laboratory Gemini interconnect, NVIDIA K20x
United States Cray Inc.
3 DOE/NNSA/LLNL Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz, 1,572,864 17,173.2  20,132.7 7,890
United States Custom
IBM
4 RIKEN Advanced Institute for K computer, SPARCé64 VllIfx 2.0GHz, Tofu interconnect 705,024 10,510.0 11,280.4 12,660
Computational Science [AICS]  Fujitsu
Japan
5 DOE/SC/Argonne National Mira - BlueGene/Q, Power BQC 16C 1.60GHz, Custom 786,432 8,586.6 10,066.3 3,945
Laboratory IBM
United States
6 DOE/NNSA/LANL/SNL Trinity - Cray XC40, Xeon E5-2698v3 16C 2.3GHz, 301,056 8,100.9  11,078.9
United States Aries interconnect
Cray Inc.
7, Swiss National Piz Daint - Cray XC30, Xeon E5-2670 8C 2.600GHz, 115,984 6,271.0 7,788.9 2,325
Supercomputing Centre (CSCS] Aries interconnect , NVIDIA K20x
Switzerland Cray Inc.
8 HLRS - Hazel Hen - Cray XC40, Xeon E5-2680v3 12C 2.5GHz, 185,088 5,640.2 7,403.5
Hochstleistungsrechenzentrum Aries interconnect
Stuttgart Cray Inc.
Germany
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SIMD & MIMD

SIMD (Single Instruction Stream, Multiple Data Stream) 1Y
27Oty Uh, ENEFNERST—YICNU, EUGTZET.
Bl : F1E8 (~1990 Fta) OEmREER /274y IR - 7OtV Y,

a MRETOFEHEED 1 DTELCOT, 7Oy THOENNAS.
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OpenMP

g HBEXETY BT E R (15 nJr"’“ 714 7ZY
m IBER{TEEAT ST UL R EE
B (BOHLSHHEFHERIOV S LEZEZEL DTIEFAZL)
BERXI—RZEELTWETIOY I VI HEEE
B XRIO7SLEULUTHETH
m LR, TNy O
m BHEEICENS
7D75A%%Eb@<?%,ﬁb@%ﬁX%UﬂﬁW%ﬁﬁviﬁﬂ
m RIS
KR ?E‘K/\b\5’<7&’07ﬁ)\75 = R EDIT< W

B KEDOOYV/INA T A—H—Z RN ERERE
m 1997 FORTRAN Ver. 1.0 API
m 1998 C/C++ Ver. 1.0 API
m 2000 FORTRAN Ver 2.0 API
m 2002 C/C++ Ver 2.0 API
m 2005 FORTRAN C/C++ Ver 2.5 API
m 2008 FORTRAN C/C++ Ver 3.0 AP
m 2013 Ver 4.0 Released! (77t 5L —4%#&EEEMKE)
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OpenMP DE{TET IV : Fork-JoinE€FJL

m 1 DDRALYRKR (FNAY—XLvYKR) TAY—h
m WHEEDDFHERE = ED AL v Nk (Fork)
g WHMELERD DR T = YXY—XAL Y ROMICES (Join)
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OpenMP DB EFR

m 7TD (FORTRAN/C/C++ TEMN) 7OV T LA
m BRX (TA4LOT47)

m WAL T NEZER - WL AEZIEE
m FORTRAN TI& I$omp THItA
1)

| $omp parallel

" S47ZYRK
Bl) WHETHEDTAL v Nz I 5E% - omp_get_num_threads()
B RIEEH
B WHETEHATES ALY RELREZIEET DDICHIE
Bl) ALy RZIEE T DIREEZEE . OMP_NUM_THREADS.
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W1 (%E{@) : HelloWorld ZX5{EUTHED !

9, BRIRZOV S LzAE SHOBEEROT LI KUY (6
m Z|$ enshu-openmpl) ZERK

% mkdir enshu-openmp1
% cd enshu-openmp1

memacs T, UTOZ7O7 5 L%ERL, hello.fo90 7 & D&E]
TRF

program hello world
implicit none
printx,” Hello World ! ”
end program

m fripx ¢V /AL,
% frtpx hello.f90

m ./aout TIEEFTTEEHA, ETAHEFI NS,
AR EHE/—RTHEZGTSOTIOAYINAIL - BITHFELRZEDDFET |
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REHBHETOIOVSLAERT : F1—12DS2AFTA

A/ VI B BE | »/3 JOEBENDE |

Xa2a—aAYVIIRAT A
gl - VY —XEFEREZERL, 1—HNRALKEY 3 7%
BYIRETE / — RNICEIDYT, ETI5YTINI 7.
7072 AETORN
Va7 AV ) T N=ERK
VaJdzE’kA
(V3 T DIREZHER)
R = IR

% ./ a.out

TETIT DD TIE &L
x) BHD/NY DV ETETT S55E /a.out TOK,
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HmE 1 (&) : 3T RIUT MOER

Fa1—% BRRK/—FH BEFEGIR

small 12 10 73
377 FKDHEI (OpenMP kR)
#!/bin/bash ST EEE
#PJM -N ”jobname” 3T H/%EIEE
#PJM -L "rscgrp=small” BAKDF 1 —RKZIEE
#PJM -L "node=1" £/ — FHZisE
#PJM -L "elapse=2:00"
#PIM -j
export OMP_NUM_THREADS=1 ALY RPZEE
.la.out RTI0O095 LBREIEE

EE] ORIV TRNDY 3 7RG EZBYNICEIEL, hellosh &
D & B TIRTF.
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HE1 (RS :23aJosA

“EAEWADL PN

pjsub (£3J ROV VUT h4A)

m 3 7 DIRREHESR
pjstat

JOBID JOB NAME MD

17583 jobname NM
17584 jobname NM

CEEWAOE R A
pjdel (37&HS)

[E]

ST USER START DATE ELAPSE LIM NODE REQUIRE
RUN user (05/1916:23) 0000:02:00 1
QUE user (05/1916:33) 0000:02:00 1

m HelloWorld D33 7B AULTHED |

% pjsub hello . sh

[INFO] PJM 0000 pjsub Job 17583 submitted. 7% & & KRR
("17583" OEFHAHNY 3 THES)

B OELWIFIE Y378 0? RIZVaTES) EWST7AILHME
B, FDH(C"Hello World"DHEASNET (cat 4 & THESR) |
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HE1 (CNTEE) : OpenMP ZHUL\E Hello World DtiFI{E

m Hollow World 707 Z AICKXFEERZEML T GEMYT 5717
<) AFME

program hello world

implicit none

integer :: omp_get_thread num

1ISomp parallel

print x, "My idis”, omp_get thread num(), ” Hello World ! ”
1ISomp end parallel

end program

m OpenMP ZHHWTWA Z &EZBHRLTTOYV/NTIL
% frtpx -Kopenmp hello . f90

m 2L Y RTET: hellosh ® OMP_NUM THREADS D{E% 2 IC
EEMZT

% pjsub hello.sh
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2095 LDfEsh

m 05— 3>

m 2 DODIERX !Somp parallel & !
$omp end parallel TEHENT:
Hpzitd|J— 3> WS,

m 05U —3 3 VATIE
(OMP_NUM THREADS) E®DO XL
v RAEI U O— K& E17.

B BALYRNEFEEDRALY RESZHD.
NZRWT, &AL vy NICERZULIE
Z{ThE3IENTES,

m AL v RESIE omp_get_thread_num()
ICK > TR TE 5.

m B - YOS - B

program hello
implicit none
1ISomp parallel

w5y —-=>3>

I$Somp end parallel
end program

B IRTORALY RAEIUZEH - igd|x=slRTE%.
m BEHOIL Y RHAIEFICRAUERZEFTLLZWVWED, FENNE

(ACEHD, ERI2ERZRARICEHRITSDIF OK )
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OpenMP AL O S LDOERBRLHI

program main
implicit none

(ZEREITERD)
1ISomp parallel
(A E U T=0NEB5D)

1ISomp end parallel

( ZRE{TEBSY)

end program

M5 )
N e
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NIWFALY RTORITDA A—SEVW DO DHEE

m JO7 S LAETHEBRKIINVNAY—IAL Y KDOH
m PARALLEL 8 RXICEDEHD AL v RELER
m ALY R ID:0~OMP NUM THREADS -1 Icfgx &>, &XL
v R OICEIDIRSNZEBEDES.
B F—L WHERTETSALY KOEXD.
B ALY RERE 2TOXLY NRTRRET
m END PARALLEL 8RXICE DY AT —=DIAND XL v KHER

parallel F— 1 end parallel
Ol p-; |0
R | L
K b=2 N
__________________________________

AEY) — 3



STEHDAMFI{E (Work-Sharing #8i&)

B F—LRNDRAL v KNICHEE (Work) Z22E] (Share)
m Work-Sharing #X : F—AICEEZEDIRD cHDI/RX
m DO JIL—T7D4E| (I$SOMP DO, !1$OMP END DO)

= RlLDNEZERAL v KHpi#E (I$OMP SECTIONS, I$OMP
END SECTIONS)

B FoHlicxt g 5#EDDE] (FORTRAN DA, ISOMP
WORKSHARE, I$OMP END WORKSHARE)

) EEIDERERICHT HMNME
a(1:n)=a(1:n) + 1
kil
m 1 ALY RDOHATEIT (ISOMP SINGLE, !'$OMP END SINGLE)

m Work-Sharing #&&83X UM ICH

B NYRAYAL Y KOAHTEIT (ISOMP MASTER, !$OMP END
MASTER)
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DO JL—J D7E] (1$omp do)

program main

implicit none

integer, parameter :: SP = kind(1.0)

integer, parameter :: DP = selected_real_kind(2*precision(1.0_SP))
real(DP), dimension(100000) :: a, b

integer :: i
| ALY RO
! d ) ‘ -
d$(;)ir2$ 130000 Bi#%D DO JL—IJ &EHDAL Y R do i=1,50000
b(i) = a(i) THEALTETEL, EVWSEHK b(i) = a(i)
(!$omp end do (F&EET]) end do
end do Ly K1
somp end do do i=50001,100000
I$omp end parallel o) = ()
end do
(AEDASFI >IN SikeF)

end program
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e 2 tompdo ZEDODTHELD !

B RDATZA KOO0 7 LhZE1ERK.
ALY R#Z 1,2, 4 EZEZX THTRERRBZ ST

[BFREEDEID AE] omp_get wtime BE# = FI .
B ZF5E T omp_get wtime, time0, timel ZEZ L,

mHIE L e WE %= timeO=omp_get wtime() & timel=omp_get wtime() ¢
xEE (S $Somp parallel DETE 1$Somp end parallel DEICEAN) .

mtimel- time0 NRERFRE (REARLD)
pa BREEHHRADOY 3 TRIU TR, 2208BORSARICEBHULTHDXET,

timeO=omp_get_wtime ()
| $omp parallel

I (RFfEETRIT 2885)

| $omp end parallel
timel=omp_get_wtime ()
print =,timel-timeO
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WH20D70O095 A

program axpy
implicit none
integer, parameter :: SP = kind (1.0)
integer , parameter : : DP = selected_real_kind (2+precision (1. 0_SP))
real (DP), dimension (100000):: x, y, z
real(DP):: a
integer :: i
!
la, x, yDEZZBE TEHHICEHZE.
!
! Somp parallel
I Somp do
do i =1, 100000
z(i) = axx (i) +y(i) NIBNIVDINE z =ax+ "y
end do
! $omp end do

! Somp end parallel
I

| B BESR DTSR
|

printx,z(1)
end program
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REEHAIR> 3 X9 UT hab)

#!/bin/bash

#PJM -N "jobname”
#PJM -L "rscgrp=small”
#PJM -L "node=1"
#PJM -L "elapse=2:00"
#PJM -j

export FLIB.CNTL BARRIER_ERR=FALSE

for opn in 1 2 4 opn EEXEMRS do REERTT
do

export OMP_.NUM THREADS=$opn AL v FE%E opn [CEEE
./a.out RTOOTSLBRERE

done
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S

e 3 : !$Somp parallel do

m do JL—7 D5k lE, parallel & do ZEX &

1
I$omp parallel '$omp parallel do

I$omp do m
do i=1,100000 dob'(f;f 23)000
o = al) end do
end do
I
I$Somp end do I$Somp end parallel do

I$Somp end parallel
DEDICEVWTHEL,

= !$omp end parallel do [FEIEL THE L,

[EE3] BEF20707 7 L% parallel do ZfE> TEZHZ THLK, |
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— EFE—

omp do (FWFIRITTERVESEEBNICDEILTULES !

programinv |

i mplicit none

integer , parameter : : n =100
integer , dimension(n):: a
integer :: i

a(1) =0

! $omp parallel do
do i =2 ,n
a(i)=a(i-1)+1
end do

! $omp end parallel do
printx,a(n)

end program

2

ALY R
TRAT

IEUWER: 99

FA#HEZ

ALY ERO
do i=1,50
a(i) = a(i-1) + 1
end do
ALY ER1
do i=51,100
a(i) = a(i-1) + 1
end do

AY(X a(50) DFERD
IRVWERITTERL!




do JL—J DAFEDF L&

m do JL—TZWHHET BICIEAL S U TcWIL—T DHEIIC
ISomp parallel do & T LR L,

m L—TEHDEN < &EFEH OMP_NUM_THREADS ElcHEIE 1,

B ZET7OvVvVIEENFNT ALY NIk D ET.

m DEIOESNAFIVINAZEKE RAC7AT7 S L0FTEEDLDFS.
m 2L, WINEL TEWIL—THOESHETAT T HHIRT

WHHE L TET X ZIL—TDH) BlgsRzaT/L—7

do i=2,100
x(i)=axx(i-1)+b
end do

1 DHIICEHE UV BERDEZE > T, BEDERZHE.
fctcl, —RIAXZSTH, <KEINRBLINETESHED.
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omp workshare

BE207O7 T LIERODELSICEVNWTH LU

I$omp parallel

I$omp do I$omp workshare
do i=1,100000 z(:) = axx(:) + y(:)
z(i) = axx(i) + y(i) - '$omp end workshare
end do
ISomp end do (1$omp end workshare (3ZB&A )

1ISomp end parallel

m FORTRAN OATEZDEEZAH.
m 1V/N1ZICK>TE matmul ((TF8E) GEHBAMINEL TSNS,

I$omp workshare
C = matmul(A, B) P& EESCWINELTINSAV/ATHH 2.
ISomp end workshare
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[ERRE]
B EE20DO0 5 L% workshare ZFHWTEE#Z,
B ALY R#EZE 1,2, 4 £ZTZTHTRBREIZEHAIL THL.

7OV LEEITHER (ALY R#Z 1,2, 4 £ LTl ZDRERME) =
1 D2D7FFAMT770)L (BIZIL resultixt) [CANT, FORNE%Z
FAHETX—)L.

[X—ILDiED 7H5]
% mail—s B D70 b4 kobeuniv.compral@gmail.com < result.txt

[iw)] 6 A1H (K, F&5HK.
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