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11

12 13 14 15 16 17 18 19 20 21 22 23 24 25

T2K Tokyo
140TF, 31.3TB

FX10, SPARC64 IXfx

1.13 PFLOPS, 150 TB
I I

| |
T—REEM -2 al—ay
BERX—/\—arE1—4%

| | | | |
REMUIJVETHEEMREE
FEALF)R—/R\—aE1—4

Oakleaf-FX: Fujitsu PRIMEHPC

Oakbridge-FX
136.2 TFLOPS, 18.4TB

}——JTEkEE
R—/N\—avEa1—4
(JCAHPC: ZRR K -EHK)

Oakforest-PACS
Fujitsu, Intel KNL
25PFLOPS, 919.3TB

Big Data &
Extreme Computing

BDEC System
60+ PFLOPS (?)

Oakbridge-li
5-10 PFLOPS

Reedbush, HPE
Broadwell + Pascal
1.93 PFLOPS

Reedbush-L

HPE
1.43 PFLOPS

Kiﬁ#ﬁtiﬁu

R—/IN—aVFE1—4
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2 (Ff[F4) AT LEAT

- Reedbush (HPE, Intel BDW + NVIDIA P100 (Pascal))
TR - VI al—YaVvEAER—/N—avEa1—4
+ 2016-Jun.20164E7 A ~202046 A
s EXIBRERTEIDOGPURBHE Y X T A
- Reedbush-U: CPU only, 420 nodes, 508 TF (201647 1)
- Reedbush-H: 120 nodes, 2 GPUs/node: 1.42 PF (20173 A)
- Reedbush-L: 64 nodes, 4 GPUs/node: 1.43 PF (2017108)

- Oakforest-PACS (OFP) (& L&, Intel Xeon Phi (KNL))
. JCAHPC (fﬁ,&jcCCS&%jclTC)
. 25 PF, tH RE5947 (2017411 8) (B RS 217)
- Omni-Path 77—+ % F -+, DDN IME (Burst Buffer)
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Oakforest-PACS

- I e im L RIHPC E##Es%(JCAHPC: Joint Center for
Advanced High Performance Computing)
s RRAFFEHERE 2 —
- WRKRFAERFERRE V7 —
- Mt A—AKRT, REMODAKFRESMREFEEBRZEE - EET
% 1= OHER
s RRAFHY v VN AORRAFFHREB V2 —R

- 2016412 B 1 B @B

- 8,208 Intel Xeon/Phi (KNL)

- E— 2 4 8E25PFLOPS

-TOP 500 1247 (EWA2fI) , HPCG 71 (HN2
i) (2018%6A)
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Oakforest-PACS D% (1/ 2)

-ETE/—F
-1/ —F 6807,
3TFLOPS X8 208/— K= 25
PFLOPS

- A& (MCDRAM (&,
16GB) +DDR4 ({&3,
96GB) )

-/ — FE@&E

TJILNNA 25 30NN RIgE
H’DFatTree*J kDO —4

- 2RERKEOT7 TN T =3y
MREIZIR, £V 3 TEAR
 Intel Omni-Path Architecture
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Oakforest-PACS D48 (2/2)

- 7740
MBI T 7 ALY AT L
Lustre 26PB
c J7ANFYv Yy aT AT A
(DDN IME) 77 Fryia
1TB/sec% #8 2 % EXIMAE, SATA
#1PB

- SHERE - Ev I T — R8T
MWEE It 38
- JHEE
- Green 500 T 3 R 61:
- Linpack :  2.72 MW
- 4,986 MFLOPS/W (OFP)
830 MFLOPS/W (3R)

WHIT7AIL
AT L
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Oakforest—PACS D 1Lk

Ilb\ //sﬁ'li
J— R#
= Product
J— K

Jotwwvt

A BNV RIE
T ENYRIE
')
MHE# Product
CLERNVIVY R
NAROD

25 PFLOPS
8,208

= t1® PRIMERGY CX600 M1 (2U) +
CX164O M1 x 8node

Intel® Xeon Phi™ 7250
(BA% 3 — K: Knights Landing)
68 O7. 14 GHz

16 GB, MCDRAM, 2% 490 GB/sec

96 GB, DDR4-2400, E— 7 115.2
GB/sec

Intel® Omni-Path Architecture
100 Gbps

JILINA 53/ RigFat-treefd
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Oakforest-PACS D4 (Fix)

W57 74 Type Lustre File System
WO AT L wRg 26.2 PB

Product DataDirect Networks SFA14KE
fw/N> Fig 500 GB/sec
S&RJ7A4 Type Burst Buffer, Infinite Memory Engine
JLFE vy (by DDN)
YAYAT MRE 940 TB (NVMe SSD, /S 7 4 £ &
IN £)
Product DataDirect Networks IME14K
/N> Rig 1,560 GB/sec
HEE N 4.2MW (HHEZET)
R 102
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Oakforest-PACS DY T b x7

- OS: Red Hat Enterprise Linux (A7 1 > / — R),
CentOS & & U McKernel (Gt& / — K, U1&AI&E
- McKernel: EBHAICS THER D A Z—3 7 RITOS
e LinuxIZEERNBE, 32— 707 TALICEZSEZERL
- ARAMRIVELI—RIZEREH NS FE,
- O /N4 T : GCC, Intel Compiler, XcalableMP

-XcalagleMPa:iIEE}AlCSc‘: TR K CHRIFERF OIS TOT S

U EEE
- CYHFortran TR ENFa0— RIZIERXEINZ D & T,
MRED WA 7 T r—2 a3 =BG ICHETAHIIEN
TZE 5,

e TATZ) - TFTI) =3y A—=—TUY—AY T I

7

- ppOpen-HPC, OpenFOAM, ABINIT-MP, PHASE system,
FrontFlow/blue , LAPACK, ScaLAPACK, PETSc, METIS, SuperLU etc.
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Oakforest-PACS: Intel Omni-Path Architecture [Zd& %
J2ILINA 5 S 3 N\ RiigFat-treeff

768 port Director
Switch

128

(Source by Intel)

2

Uplink: 24
48 port Edge Switch

36285

Downlink: 24 B B
@..( 24 | [25 - -- [48 ] [49] »-- [72 AT

DX NMEDMBINRTILINA IS 30N RIgE#E
« VAT LELREAKICEE VY MHREEEIR
« ZWER O3 7T AEHE ./ —RE|YUBTOBHELT WL
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Oakforest-PACS 5+& / — F

- Intel Xeon Phi (Knights Landing)
1/ =M1V 7y b

HotChipsZ?
- MCDRAM: /Ny ir— | KNLRS 1K &Y
NS/ RiEAE 1) 16GB ﬂmﬂ e T M\
+ DDR4 A &) —Or 0 O 0T

Yy R4y AT B y
16GB X 6=96GB

36 Tiles
connected by
2D Mesh
Interconnect

MCDRAM: 490GB/#LL £ (Z=2Al)
DDR4: 115.2 GB/#)»
=(8Byte X 2400MHz X 6 channel)

Wrmz22Z2>I0 » 0 OO w
Wrmz2z2>I0 &~ X OO w

- | |
- MCDRAM MCDRAM MCDRAM MCDRAM
Package
—

m RRAPEREBRTE Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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ZERVFI—Y

- TOP 500 (Linpack, HPL)
MBI —RABAVILN— (BEEE) , sTEREE (FLOPS{E)
- FRAIWGEITY  EEAEVTIER
- STEIEEE
- HPCG
MBI —RABAVILN— (R1EE) , 5TERERE (FLOPS{E)
- BRERENSELONZ BT (EOAELY)
c REFEAEYT LR
T T r— 3|y
- AEY T RAMRE BIEMRE
- Green 500
- HPL (TOP500) ZE4TRFDFLOPS/WIE
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TOP500 List (November, 2016

Rumax Rpeak Power

1 National Supercomputing %ﬁ@”?ﬁ%ﬂf i 10,649,600 93,015 155436 15,371
Center in Wuxi, China 2016 NRCPC ' ’ A (= 93.0 PF) ’ ’
esreor | BROnENET s B0 e v
3 ‘L’:ﬁoﬂ‘t’fﬁy’“ﬂf&”"" -Cl;il’t_aa;XKWNVIDIA K20x, 2012 Cray 560,640 R Al At
P t:\év;?;ltc;ery%iﬁgr/:nore National gl—“lu;%iﬁe/ o S0 B 1,572,864 17,173 20,133 7,890

Oakforest-PACS, PRIMERGY CX600
M1, Intel Xeon Phi Processor 7250 68C 557 056

Joint Center for Advanced

6 (H:'gh Pf{f‘,"fo”ja”ci 1.4GHz, Intel Omni-Path,
omputing, Japa 2016 Fuijitsu

Swiss Natl. Supercomputer Piz Daint

13,555 24,914 2,719

Center, Switzerland Cray XC30/NVIDIA P100, 2013 Cray 206,720 9,779 15988 1,312
Argonne National Laboratory, Mira
9 | oA e 786,432 8587 10,066 3,945
10 DOE/NNSA/LANL/SNL, USA JJinity, Cray XC40, Xeon E5-2698v3 301,056 8101 11,079 4233

16C 2.3GHz, 2016 Cray

Riax. Performance of Linpack (TFLOPS)
Roeak: Peak Performance (TFLOPS), Power: kW

http://www.top500.org/



52nd TOP500 List (Nov., 2018) == fefomatce ofLnvedk (EL0PS

POWGF kW http://www.top500.org/

Rumax Rpeak Power

IBM Power System AC922, IBM POWER9

Summit, 2018, USA 143,500

22C 3.07GHz, NVIDIA Volta GV100, Dual-rail 2,397,824 200,795 9,783
DOE/SC/Oak Ridge National Laboratory Mellanox EDR Infiniband (=143.5 PF)
. IBM Power System S922L.C, IBM POWER9
B e 22C 3.1GHz, NVIDIA Volta GV100, Dual-rail 1,572,480 04640 125712 7,438

SClEbbER L Mellanox EDR Infiniband

Sunway TaihuLight, 2016, China Sunway MPP, Sunway SW26010 260C

3 National Supercomputing Center in Wuxi 1.45GHz, Sunway tieaiats Bl 125,430

Tianhe-2A, 2018, China
; * * . TH-IVB-FEP Cluster, Intel Xeon E5-2692v2

4 National Super Computer Center in 12C 2.2GHz, TH Express-2, Matrix-2000 4,981,760 61,445 100,679 18,482
Guangzhou
Piz Daint, 2017, Switzerland

5 Swiss National Supercomputing Centre Cr_a y ).(C50’ AT B SR 120 ZU3ClR 387,872 21,230 27,154 2,384
(CSCS) Aries interconnect , NVIDIA Tesla P100
Trinity, 2017, USA Cray XC40, Intel Xeon Phi 7250 68C 1.4GHz,

6 DOE/NNSA/LANL/SNL Aries interconnect Sl Ak Al (R

_—

Am—(—q—g—?rg'stﬁ:c?:i)";o o PRIMERGY CX2550 M4, Xeon Gold 6148

7 . e —=apan . 20C 2.4GHz, NVIDIA Tesla V100 SXM2, 391,680 19,880 32,577 1,649
National Institute of Advanced Industrial Infiniband EDR
Science and Technology (AIST)
SuperMUC-NG, 2018, Germany Lenovo, ThinkSystem SD530, Xeon Platinum

8 Leibniz Rechenzentrum 8174 24C 3.1GHz, Intel Omni-Path lajeey L B
Titan, 2012, USA Cray XK7, Opteron 6274 16C 2.200GHz, Cray

° DOE/SC/Oak Ridge National Laboratory Gemini interconnect, NVIDIA K20x =205 et 2 g
Sequoia, 2011, USA BlueGene/Q, Power BQC 16C 1.60 GHz,

10 DOE/NNSA/LLNL Custom 1,572,864 17,173 20,133 7,890

Oakforest-PACS, 2016, Japan :
14 Joint Center for Advanced High ARWISREEilez DA, Il ACom Hl (450 | e gl 13556 24913 2719
. 68C 1.4GHz, Intel Omni-Path
Performance Computing
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(Bm) E—O e
- OFPIZ#BE ST L b Xeon Phi 72500 E— U hReEE & 2 5,
- A7 6837
c A7 Y YDAVX-512 2=y b1 2
- AVX-512 =y F Y=Y ORIEEES (EHE) : 8
- BBEFEE (Fused Multiply Add: FMA) : 2 [Z#E
- U0y ERE: 1.40 GHz
« /J— KLY E—T KRR
68 *2*8*2*1.40 = 3046.4 GFLOPS
- LML, AVX-5123 = MIEZEIZ1.40GHZTIEEI/E L 73 0N
(& YIEWERED
- E—JI2EWNERENEONDIETDOE D (OFPTOEANE)
- DGEMM ({Z#5E D 475)#) : 2200 GFLOPS (E— %4 Lt @ 72%)
-« HPL: 2000 GFLOPS (E—7 L : 66%)
- Top500(=H [+ BOFPDEEXEILX E— T D54.4%
[E—27 4l ODEZRZIELKIBELTHELIELNEE ] |
c CPUA—H—IZ&E>TEBEDHEFLEL B
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HPCG Rankina (SC16. November. 2016)

Computer Cores | HPL Rmax | TOP500 HPCG HPCG/
i (Pflop/s) Rank (Pflop/s) HPL (%)

nRIKEN AICS, Japan K computer 705,024 10.510 7 0.6027
NSCC /Guangzhot, — fianhe.2 3,120,000  33.863 2 0.5800 1.71
China

HJCAH PC, Japan Oakforest-PACS 557,056 13.555 6 0.3855 2.84
National
Supercomputing Center Sunway TaihuLight 10,649,600 93.015 1 0.3712 .399
in Wuxi, China

HB(S)E/SC/LBNL/NERSC Cori 632,400 13.832 5 0.3554 2.57

HDOE/NNSA/LLNL, USA Sequoia 1,572,864 17.173 4 0.3304 1.92
DOE/SC/

/@ Oak Ridge National Titan 560,640 17.590 3 0.3223 1.83

Laboratory, USA
DOE/NNSA/
LANL/SNL, Trinity 301,056 8.101 10 0.1826 2.25
USA

uﬂg‘ip‘/ Mountain View, - b ¢iades: SGI ICE X 243,008 5952 13 0.1752 2.94
DOE/SC/
Argonne National Mira: IBM BlueGene/Q, 786,432 8.587 9 0.1670 1.94
Laboratory, USA

http://www.hpcg-benchmark.org/



HPCG Ranking (November, 2018)

Computer

Cores

HPL Rmax
(Pflop/s)

TOP500
Rank

HPCG
(Pflop/s)

Summit
Sierra
K computer

Trinity

o B WODN -

ABCI

6 Piz Daint

7 Sunway TaihuLight
8 Nurion (KISTI, Korea)

9 Oakforest-PACS

1o Cori (NERSCILBNL,
USA)

http://www.hpcg-benchmark.org/

2,397,824
1,572,480
705,024

979,072
391,680

387,872

10,649,600
570,020
556,104

632,400

143,500
94.640
10.510

20,159
19,880

21.230

93.015
13.929
13.555

13.832

1
2
18

13
14

12

2.926
1.796
0.603

0.546
0.509

0.497

0.481
0.391
0.385

0.355
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Green 500 Ranking (SC16, November, 2016)

Computer CPU TOPS00 GFLOPS/W
Rank

NVIDIA DGX-1, Xeon E5-2698v4 20C

N : DEX 2.2GHz, Infiniband EDR, NVIDIA Tesla 3.307 0.350 9.462
Corporation SATURNV P100
Swiss National Cray XC50, Xeon E5-2690v3 12C
Supercomputing Piz Daint 2.6GHz, Aries interconnect , NVIDIA 9.779 8 1.312 7.454
Centre (CSCS) Tesla P100
EBRIKENACCS  Shoubu ZettaScaler-1.6 etc. 1.001 116 0.150 6.674
Natlonal SC Sunway Sunway MPP, Sunway SW26010
Center in Wuxi  TaihuLight 260C 1.45GHz, Sunway 93.01 1 L UL
SFB/TR55 at PRIMERGY CX1640 M1, Intel Xeon
Fujitsu Tech. QPACE3 Phi 7210 64C 1.3GHz, Intel Omni- 0.447 375 0.077 5.806
Solutions GmbH Path
Oakforest- PRIMERGY CX1640 M1, Intel Xeon
JCAHPC Phi 7250 68C 1.4GHz, Intel Omni- 1355 6 2.719 4.986
PACS Path
DOE/SC/Argonne Cray XC40, Intel Xeon Phi 7230 64C
.Natlonal Lab. LLUCES 1.3GHz, Aries interconnect s M sl AL
Stanford Research Cray CS-Storm, Intel Xeon E5-2680v2
XStream 10C 2.8GHz, Infiniband FDR, Nvidia 0.781 162 0.190 4112
Computing Center K80
nAccms Kyoto Camphor 2 Cray XC40, Intel Xeon Phi 7250 68C . (.. 4o T G
University 1.4GHz, Aries interconnect
Jefferson Natl. N KOI Cluster, Intel Xeon Phi 7230
MAccel Facility o™XVl 64¢ 1.3GHz, Intel Omni-Path I 0.111 3.837

http://www.top500.org/



Green 500 Ranking (November, 2018)

http://www.top500.org/

TOP 500 HPL Rmax
. (Pflop/s) GFLOPSIW

374 Shoubu system B, Japan

373 DGX SaturnV Volta, USA

1 Summit, USA
7 ABCI, Japan

N
N

TSUBAME 3.0, Japan

N

Sierra, USA

N
N
I

AIST Al Cloud, Japan
MareNostrum P9 CTE, Spain

Advanced Computing System (PreE),
China

w
oo

N
(@)

Taiwania 2, Taiwan

Reedbush-L, U.Tokyo, Japan
June’18
Reedbush-H, U.Tokyo, Japan

I
o
O

14  Oakforest-PACS, JCAHPC, Japan

953,280

22,440

2,397,824
391,680
135,828

1,572,480

23,400
19,440

163,840

170,352
16,640
17,760

556,104

1,063

1,070

143,500
19,880
8,125

94,640

961
1,018

4,325

900
806
802
13,554.6

97

9,783
1,649
792

7,438

76
86

380

798
79

94
2,719

17.604

15.113

14.668
14.423
13.704

12.723

12.681
11.865

11.382

11.285
10.167
8.576
4.986
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IO 500 Ranking (June, 2018)

) _ BW MD
.“ File system |Client nodes|10500 Score (KIOP/s

JCAHPC, Oakforest-
. Japan PACS DDN IME 2048 137.78 560.10 33.89
: Cray
H KAUST, Saudi Shaheen2 DataWarp 1024 77.37 496.81 12.05
H KAUST, Saudi Shaheen2 Lustre 1000 41.00 54.17 31.03
n JSC, Germany JURON BeeGFS 8 35.77 14.24 89.81
DKRZ, )
H Germany Mistral Lustre2 100 32.15 22.77 45.39
IBM, USA Sonasad SIS 10 2424 457 12861
Scale
| Fraunhofer, o iclab BeeGFS 24 16.96 513  56.14
Germany ] ' '
DKRZ, )
n Germany Mistral Lustre1 100 15.47 12.68 18.88
Joint Institute for
Nuclear Govorun Lustre 24 12.08 3.34 43.65
Research
H PNNL, USA EMSL Lustre 126 11.12 4.88 25.33
Cascade

http://www.i0500.0rg/
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IO 500 Ranking (November, 2018)

Computer File system | Client nodes/ 10500 BW MD
P y procs Score (GiB/s) | (kIOP/s)

Oak Ridge National : IBM Spectrum 504
n Laboratory, USA Summit Scale 1008 330.56 88.20 1238.93
University of Data Dell EMC 528
! Cambridge, UK Accelerator Lustre 4224 158.71 Pl dezers
n KISTI, Korea NURION DDN IME ‘21832 156.91 554.23 44.43
Oakforest- 2048
n JCAHPC, Japan PACS DDN IME 16384 137.78 560.10 33.89
ﬂ WakalO WakalO WakalO 91375 78.37 37.39 164.26
: Cray 1024
n KAUST, Saudi Shaheen?2 DataWarp 8192 77.37 496.81 12.05
University of Data Dell EMC 184
Cambridge, UK Accelerator BeeGFS 5888 74.58 20.81 S
Exascaler on 120
n Google GCP Google Lustre 960 47.23 23.06 96.74
Oakforest- 256
n JCAHPC, Japan PACS DDN Lustre 8192 42.18 20.04 88.78
: 1000
KAUST, Saudi Shaheen?2 Cray Lustre 16000 41.00 54.17 31.03

http://www.io500.org/
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1 F
STREEREEZRZTZHAE (N—TFTa0 2 a v HFIE L)
. £8208/ — K (25PF) # %2R CBATES&L5I12LTHE,
ERNZKDOAEERZENICERT S
OF| A RE
c B RFHBOFAAI—X
- HPCI
. & BEED20%% [JCAHPC, & L THH, 2F AL
- JHPCN (FBEXERFHEBR LR T AHERHFELR)
c HRDELERDS%EE | tEHFEMZE, ERXRMAELIESS (B
KD H)
-HE EE, #58%)
‘ %%ﬁ*ﬁHPC?V LY &/ —RFhH, 1E245EREE/

L]




2019/2/13 AEE R KNLEE

B KIEHREME+t 4 —0akforest-PACS A —/3\—1]
VEA—ARVARATLDOEER (2018F481H~)

JX—VFIIa—x (&R
- 100,000 : 108/ — R(E%#)., & K512/ — RF TEFTH
-« 30FT

- HIIL—Fa2—X
- 400,000 (122 480,000M) : 108/ — K (E%) | HK2048

/J—KZET

L ElE, Th—=0UH] TEZR

« BB LIAH/ — R X3608 X240 [ b—0 V] DNEZBND
e IN—YF I O—RXRI[F2/ — REY

- B —RETIEH. =7 VBEERHEN.0

B —REBZDE, BALEDIE, HEBEREN2.0(24

« KEZEMNI1—Y(EReedbushé DFEE F—2 > #47 £ A AE
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JPY (=Watt)/GFLOPS Rate
Smaller is better (efficient)

JPY/GFLOPS

Oakleaf/Oakbridge-FX (Fujitsu)

(Fujitsu PRIMEHPC FX10) 125
Reedbush-U (SGl)

(Intel BDW) 62.0
Reedbush-H (SGI) -
(Intel BDW+NVIDIA P100) :
Oakforest-PACS (Fujitsu) .

(Intel Xeon Phi/Knights Landing)
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FoAT7ILA—AFEIZTDONT

- Iz Y+ >~ 2 —DReedbush-U/H, Oakforest-PACSS X T LMNNFEZ 5 4§
ﬁh74 L1—2] BER TBERSATIL1—R) SENSY £9.

ThTIvIFMA
e N—YFIINA—R, TIL—TF2—XDOWAE (158~358)
- R A
e XN=YF)La—X (1 7¥A~3+4AH) (RB-U:&K16/— K, RB-H: &% K2/ —
K. OFP: K16/ — K, &z K64/ — K)
AEBDADSHEANNA, BEE
e I—Ta2—X
c MENZATILOA—R: (1548B~3458) #E#H (RB-U:&xK128/ — K,
RB-H: &%K32./ — K. OFP: £&:K2048 / — K)
c HENFATILA—-R: (1A~ KBEI~ A) . HE GIHEERIE
B LR
¢« A—N—OVEa21— 2 AEREBZEEZTERDEENME (F2[EEfE)
s WADIA—REHIZ, BHLEIARSTEDRHEN/ME

-SAEMNACREN A T ILAI—RADNEEEREN Z Rt
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WHTas5S5I o5& EHM?
CBREADOTOYTS L (RAEBET) 2. pBOHER
E-oT,. T/ plcdbBI L,

-

- = ANEZ TIZEH,
c ER(X, TEHAMNEINIE, IRUEBORSE
(ZFILdYXL) T KEL HHELIHAED
- 7LD XLk, f@FICAMFMETERVEND DFEE
- BEDEOHDA—~Ny ROIFHFE
- BIEIL B LAY KFE
- T — A ERIKFFE
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WHEZE EIFSHC EAE

R BEa—4%: 88,128/ —Kx8a7//—FK
- Oakforest-PACS : 8,208/ — Kk x68a7// — R
- Sunway TaihuLight: 40,960/ — k x 2603 7// — F

- Summit : $94,600/ — K x6 GPU// — K
X (80 or 5120 O 7)/GPU

AT YUY TIERANRIAVOENENCEEH B
c ANAVEITIE, EABEREH->-THOVIERHEETITTLS
=> ZDHaAT7HEEOT
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Weak Scaling & Strong Scaling
WELEBIZHEWTY R TLREBEERELTEHE
- Weak Scaling: N ZNDRREY A XIEFEZTHINEZH TS
>EEROBEY 4 XA (EHHEICEHLT) KRELED
PBIEDA—INANY RIEHFEYEDLLGZLD, LLEINT S
- Strong Scaling: DB Y A XL AT ICHINEEHITS
>REBEY A ANEERHICREAMLT/NEL 7D
PBEDA— /NNy RIFESHIZKELED

Weak Scaling Strong Scalingt EE

3R DRIE MR T TR et .
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W5 7055 LPDETER

- XILFARLY R H£EAE) THE
— 1 FHE DIER 1 TOK

- OpenMP
- A—H QA F{bLIERITE R
- IILFFAEX
- MPl (Message Passing . RAMEN—EA
Interfac?)m\ o « A—/—FTH70tRE
. J—ﬂb\T—Qﬁj\%lei%% (AT ITHEBHICHE
BARAY (258 5R —BARNZEESDE

RILF7TAOEXERILFALY RIE

7 Al RE
—/NA T 1) v FMPI/OpenMPZE4T

\Ll
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WHTOATSITDETIV
- Z{OMIMDETOMH TOTZIVTDETIL
1. SPMD (Single Program Multiple Data)

-1 DOO®BOTOT S LN, AFHAIEREIEEIZ.,
70t vyY FCRBIZCEET S

MPI (/Ix—>3>1) OFTIL

2. Master / Worker (Master / Slave)

- 12O 7Ot X (Master) ». O SOt X
(Worker) =& (k. BE) 95,
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A S LIBDEITHRRE (1)

- T— X5

EE R KNLEK

- T—RENE|FT B L TMFET B,
- T—RDEBE (=FEE) FR—&%55,

T—RAMHDF : 1TH—4TIFE
1 2 3) (9 8 7) 1¥9+2%6+3%3  [*84+2%543%2 [*74+2%443%]
4 5 6 6 5 41| 4%94+5%6+6%*3 4*8+5*5+6%2 4*T+5%4+6%*]
7%9+8%6+9%3 7*8+8%54+9%2 T*748%44+9%]
7 8 9) \3 2 1)
@it 5L £CPUTHE
cPuo(l 2 3 9 8 7 1¥942%6+3%3  1*#8+42%5+3%2 1%7+2%443%]
cruila 5 6 6 5 4 4%9+5%6+6*3 4*8+5*5+6%2 4*7+5%4+6*]
cPU2 [(7%0+8%6+9%3 7#8+8%5+9%2 7#7+8%4+9%]
L 8 )8 2 1 5 E: T — 2L ERGSIEE LR —
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i FILEDEITHRE (2)

« X X T %

«c RRY (UaT) EREITSHZELTHIMET B,
c T—ROEE (=EE) FEQZSHhH L%,

« RRAVMHDH A L—FED

- fIE1  HEEYD

- TE2 - R®REUD

« TE3 I KEFESED

- £ 4 HX - - RZEANTELAD

- £EDL t AL—ILmEAND

@ ifi 511k

¥
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{4 R SR

it Fl 4k D R E
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REFHI 517 — 2 BEIR

- B R S, =1/T, (0<§))

e I -
Iy gZrozmEmT, : PATORTER
- PEAVT §,=P nEE EENLG (deal) EEMLE
- PEAVT S, >P NDEEA—NYZF7 - AE—KRT7v

- FRIRAEF, WIMEIZEY . T—E2T7 7 EANEAMMEE= T,
Fryviaby bRARMLET D LICLDEREEL

- W BB Rh =R
.3 E,=S,/Px100 (0<E,)[%]

. BB PR—
- REMR EDER
- Saturation, 12535 ]

B riAE S5~
m ERAFIEHREB T Y—
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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T L3 —ILDER

- ZRETREZ K £T 5,
ZTD>2>6, HIMEATEHEIEEZ a LT 5,
cZDEE. BEMREUTOL SIS,
S, =K/(Ka/P+K(1-a))

=(a/P+(1-a)) = (a(l/P-1)+1)

- FRROEXM D, FEAEBEBROBO 7Oy HZEFEST
t (P-x) . B#IEIZ. 34 1/(1-0) THD,
(7 L& —)LDEAD
- 2EDN%ALHNETELELTEH, ERAOKD IOy HE
SAoSTH, 1/(1-0.9) =104 [ZLAAEDAEL !

—>EMREENRT S HIZE, MLTEUIMERIEREZ LTS
REEEZITOHENETEEETHD
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7 LF—ILOEAIDOERG

_MHHETERELE S (1708yY) HIETSSHE 7 (87 A7)

O 5 RRAT 74 & , =88.8%A 5L AT A
.E’[E?U%ﬁ(ﬁ[l'zﬁll) 9/3=31Ii:|r.

@ i 51317 (8 F1)) 0/2=4.5{% # G
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AHFBE=DHB
WMHTZILT) XAFOEEFTEWNENT...

KNLOZ# D a7 Ok A, Oakforest-
PACSO L NEtE /) — REHA S LT EESfT
DPY FIZDODWTEIXS |

« TOMDEE S (FRE) hitps://www.cc.u-tokyo.ac.jp/events/lectures/
- WMiFTILTY RLAEZVZWNE
- OpenMP/OpenACCIZ & BT IILFA7 - AZq«A7WHNTOT 0T

N
- Db
W HREREFZENA Ty RAH FOTS52 07
- MP| £
- MPI E#4R TE————
. RISEAMEE O SR AP [CAGHEBEHELL !

ELSEERBNIEEVT
T—hkA !


https://www.cc.u-tokyo.ac.jp/events/lectures/

KNL (Intel Xeon Phi,
Knights Landing) ) 21
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Intel Xeon Phi (KNL: Knights Landing)

2 x16 X4

36 Tiles
connected by
2D Mesh
Interconnect

MCDRAﬂ MCDRAM \ 1x4 DMI MCDRAM MCDRAM
B B 5 N 5 R 5
7 . 7 = 7 . 7’ .

w

N = J O

wrmz2Z22>I0

7 7 7
MCDRAM MCDRAM MCDRAM MCDRAM
Package

- Atom (Silvermont) O 7
+ AVX512 x2

271324l
- Z£ATFIX4RXL Y R
(HyperThreading)
«64,6837
(32,345 1 JL)
- MCDRAM: # /Xy 7 — 2
DE/N RigA E€'1)16GB+
DDR4 A E&1)

- T BT e TR
1) BESFpyia S+ ) BRFryIa +5
F—4— F—4—
Fa—g Fa—g
+ BV +)R1v
NIRIL "‘Aﬁ’b e NIRIL "‘Aﬁ’b
ALU N ALU Lo —
Fyyia
32KiB L1 7—2Fvvya ;ﬂ;9g 32KiB L1 7—&2F vy a
1 v
Xy an HW + SW

)Ty F

Hi 88 : & :HotChips 27 KNLX S Ak, £ : Colfax (BER: TV &ILYTR)
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KNLOEIEE— F

- AEE—F : 3FELHE
- Flat: MCDRAM&DDR4 MWHIIL7=7 KL X
- Cache: MCDRAMIZDDR4AE DF v v a L LTEHE
- Hybrid
« )T AR 'J v JE— R: 5 &EFE
- (All-to-all: 7 F L RIEMALKIZDEL... IFHELE)
- Quadrant, Hemlsphere. NETT R L RERHA(F =1E2) 127 F]
(A= BIERZAEWN)
. SNC-4, SNC-2: NUMA K % o > ABRRE (24 (or 2)I= 43

E— FOEBICITHEENANE
=> HF R Tk, £E— K(Flat, Cache)> 37
& 21— % A E (regular-flat / regular-cache%s)
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AEYE—F

- Cache®— R - FlatE— K
- MCDRAMIZL3F v v - MCDRAMZBA/RBY I
o & LTEME LN
b IR
7RL X
i DDR4
i 96 GB
DDR4
96 GB
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FlatE— FICHEITANUMA KR A AL >

+ $ numactl -H
available: 2 nodes (0-1 (Node 0 N

)
node Ocpus:0123456
.. 271
node 0 size: 98164 MB
noge (1) free: 92(01%7%\48 )
node 1 cpus: S ESRANA
node 1 size: 16384 MB cPu PDR4 <
node 1 free: 15832 MB Node 1
node distances:
node 0 1

0: 10 31
1: 31 10

96 GB

16 GB

MCDRAM
\-

J
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DIRZYDTE—

IHFEOFP TlXQuadrant® A

- Quadrant: ¥V 7 U T
ThldT Ty Mg A

TUZERBICR A%
- REBTIX4DE.

7) BB

. SNC-4: 42 ONUMAE =

%4>t%ié
4v) 7y b BIGE
C

FEIRSE
MDMCDRAM & [7] U783

¥ vy alFHR (F

EE R KNLEK

g

MCDRAM

MCDRAM
I

e

LE

S
-l
Ll ”

MCDRAM  MCDRAM
L I L I
EDC EDC
Tile Til )

) ‘

Tile

Tile

iMC ile iMC

Ti ST Tie o Tile

ile Tile Tile Tile ile Tile

Tile Tile Til Tile Tile Tile

EDC ) EDé Mis EDC' EDC'
MCDRAM  MCDRAM MCDRAM  MCDRAM
HotChips27

KNLRS A k&Y
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Stream TriadfERED) HLER
. DDR4: micprun -D -k stream | |DDR4 | MCDRAM

- MCDRAM: micprun -k stream Cache  346.5 GB/sec

. unset KMP_AFFINITY Flat 84.8 494.8
. export KMP_HW_SUBSET=66c@2,1t GB/sec  GB/sec
2AIN0ERITHHEE (BBR)

600

—a—Cache
—e—Flat MCDRAM
——Flat DDR4

500

400

300

(GB/sec)

=
F

200

100

N2 R

0 ™
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FlatE—F TOMCDRAM®DELVA (1)

(1) numactli= & % A%
- MCDRAMIZNUMA/ — R1E LTEREINTULS

« $ numactl -H

available: 2 nodes (0-1)
node @ cpus: @ 1 2 3 4 .. (&%) .. 268 269 270 271
node © size: 98164 MB
node © free: 85707 MB
node 1 cpus:

node 1 size: 16384 MB
node 1 free: 15496 MB

node distances: + I—FESWMAZEOT L IMGAICIEER
0. 10 31 X BB DA R E O 1 E T = A
1: 31 10

- O LETHEIZUTERERE
« $ numactl --membind 1 ./a.out
(MCDRAM 16GBIZAY =540V e T5—)

« $ numactl --preferred 1 ./a.out
(MCDRAMIZRF Y I b7gL\54E. DDRAEERT 5)

« $ numactl ——1nterleave 1,0 ./a.out
(MCDRAM & DDRAE X E (2R T 5)
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F

latE—KF TOMCDRAMMDELVAE(2)

(2) REBEEZHICKZA%E  Intel MPI2E S 54

_MPI_HBW _ POLICYRIEZ#
. export |_MPI_HBW_POLICY=hbw_bind

- export |_MPI_HBW_POLICY=hbw_preferred
- export |_MPI_HBW_POLICY=hbw_interleave

=22 Fnumactl Z LD & —#&

O— REEZHZ ZR = 0ESIZIEEF
X FEHEOMMNEENDFIETEDL
X Intel MPID & & LANERIZ A S 7430
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FlatE— K TOMCDRAM®DEELYE(3)
(3) memkind> 4 73 JIZkBAHE
- C

- #include <hbwmalloc.h> % 57

- LITFDBY., AT EBREREOEKAIZ’Thbw_"Z2 DT 3

« malloc() => hbw_malloc()
- posix_memalign() => hbw_posix_memalign()
- free() => hbw_free()

- 1) U JEFIZ -Imemkind Z3EE

- Fortran ‘
i S o FEHEOMAEME LD T A AETEE
. ngtmem@)%li%?am X BHIEC 5! (allocatable)
- 1dir$ attributes fastmem :: array 1= UAVERAT X 7 L

- 1) > BEIZ -Imemkind 35 E
- hbw_set_policy() T Y & =
- HBW _POLICY_BIND

. HBW_POLICY PREFERRED (F7# /L k)
. HBW_POLICY_ INTERLEAVE
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FlatE— K TOMCDRAM®DEELYS(4) B80!

(4) memkind+autohbw> 4 75 JIZ & B A%

+V—XO—FEFEE LGS TREL

- 1) > U BFIZ -lautohbw -Imemkind Z#5E. F/=I1&
%2478/ LD PRELOAD=libautohbw.so % &5

 IBIELTH TCMCDRAMY 1 R &5
. export AUTO HBW _SIZE=4K
- 4KBLL £ D B3I IEMCDRAM X BJRIEL 4 (allocatable)

. export AUTO HBW _SIZE=4K:2M = LABEATEEN

X B0} YA AR |
. 4K~2M D ER 51| ZMCDRAM (=& < liﬁgfb\ AN R NI
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AERVDTZ2AAE

« AVX-51283 5 TH12EY FT—R ZBRNZEFE D =HIZ1E,
F—ARAFEYBRIZHI D TLND Z & HIPE
- 512EY b =644 FDBEEOT RLRIZTIERT B LIS
IEFRLUNTITEREOT7 I EXIZES
- {5 : fEFEEEH(double) & E#H8E(=512E v NFEAHHTHE

TIAVSIN=T IR BREMITNTNDED,
S E A ERICIEERETVERIZES

B riAE S5~
m ERAFIEHREB T Y—
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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AEYTSAAD FDIETE

-CE&E
- attribute__((aligned(64))) =g (64 byte = 512 bit)
- {51 : double A[1024] _ attribute__((aligned(64)))

- BIITER OBR (L posix_memalign() % {F /8

- FERERDA
#include <stdlib.h>
double *A;
posix_memalign(&A, 64, 8192);

- Fortran
- O /XA JLEEIC -align array64byte + 7 3 > & xE

- BN R G E LattributefE E N EMN H LN O\(RER L)
real*8, dimension(:), allocatable :: A
Idir$ attributes align:64 :: A
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OpenMP D=
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OpenMP D * & & FH#t

- OpenMPIEFHEBE AT VFEMDO OO TO T T LEEE

AL
| | | | |
- \
PE  PE PE PE @ #£
X E
N Y

M

BRI CEHMOPENKLEFERIIZ7ZIER
> 5 NI CEYZHIEHELENE . BRETE DR E—FHLALY
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OpenMP & [

- OpenMP (OpenMP Application Program Interface) & (&,

HEATYRWIHFHEKRIZ IO S LEWINET ST
HD -

1. RX

2. TA4T3Y)

3. Iﬁkiﬁ, SR

ERHRBELEHEDTY,

dA—HA, WHTATSLDEFIEZEHDIERE
5EZ25H5DTYd, J/NA ZIZKBEEIETIEH
) £ A,

SELA T BAFME (MPIRE) (2HERT, T—4298K
DB DO FEIMNFEND, EENBFETT,
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OpenMP&ERIINFAT = A=—aAF LR
T Ls
- ALy RWIMEZETSO>TATZIIVITETIL
RILFAF7, AZ—OATEHEHIZES
CEMDAL Y REFTEHVIIUESHEERIET 1214,
JOJ 2500 DIRMBE
1. A VAEY-Fr v aBOT—REEBENAEEMEBEICENE L
2. OpenMPTCiHiFEEHMHTEANTOT T ALICE>TWNS (H83R))
- Oakforest-PACS (Intel Xeon Phi 7250, Knights Landing)
- 68O 7, 2725mB 2 7 F|FHRIEE
- OV ITLEDIRANBE=> ALy FFEBEO LT ETHRL=HIC
[EMPI+OpenMP/NA T 1) v RETHED—D
- / — REDOAF{EIZOpenMP TIL TZE 740
-/ — FEDOAFEIEMPIZA WS
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OpenMPa— FD&EE=HFDRAI

-CEREDIZA
-#pragma omp
TIHEXAOAY MT
‘FortranE:&ZND1F &

-1Somp
TIHRFEDIA Y MT
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OpenMP®D a /A LD F

c BERAVNRATOAVINAILA T 32, OpenMPAH®D
AT arvEMTD
- 5) Intel Fortran903 > /84 <
ifort -O3 -qopenmp f00.f90

- ) IntelCa /45
icc -O3 -qopenmp foo.c
« OpenMP DR M7 WNIL— FIXERREST
- AVNRAZI2kY BFAMIMEIZ KD ALy FilliFl{E & DHF
ANTZSGE0HIN., TTERVGELDHD
« OpenMPDFER1THH 5 17(E0penMPIZ L B X Ly Rilfi 5l
b, FBRAGTWEZ AIZFO VA T2 LB EENFIE
- {5) Intel Fortran90 > /84 5
ifort -O3 -gparallel -qopenmp foo.f90
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OpenMPDEITRIEET 7 1 LD ZELT

- OpenMPD 707 5 Lx a2 /XA )L L THER L -EFTR]BE
T7AILDEMTIE. TFOTF7AILETRET D ETITD
«c ALy R#x, BEZHOMP NUM _THREADS CfEE
- f5]) OpenMPIZ & 5E4TRIBET 7 1 /L ha.outDIFE
$ export OMP_NUM_THREADS=16
$ ./a.out
F =%
$ env OMP_NUM_THREADS=16 ./a.out
c BRAVINAILDTATSLE, OpenMPIZ & D 7055 LDETE
Ej%b\ OMP_NUM_THREADS=1I L T3, EA2Z&AHD (&
jQ
- ZORERAIE, OpenMP{tIZ &K 2B DN (F—/N—~w K)
s BALY REFTT, COF—N—y FIZLDEEETHEZL
- O T IO IKRTHERRE



OpenMPDEITETIL
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OpenMPDEITETIV (CEEE

OpenMP#§R X
/
Jovoa /S JavyIA
#pragma omp parallel ZLwRDIEE
{
. ALYERO
| 7Bv7UB (RRATALYE)  RUwKF1 l ALvkp-1
7‘|:|“J7C 7\|:|“J7B 7‘|:|“J7B 7‘|:|“J7B
MALYR#plE, l J j
IRIEZEH ALY DR
OMP_NUM_THREADS
TEET %,

JAavoC
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OpenMPDEITETIL (FortranE:E

OpenMP#§R X
/

JOysA / JavyIA
ISomp parallel ZLYRDFEE)

JAavy7B .
1S d lel ALYEO
->0Mp - €ndad paralie (RRZ—ALYE)  RLwR1 ALYkp-1

pA=Pie

JOyyB | ZOvyB | ... | 70OvYB

MKALYR#EplE. l J J

IRIEEH Y AWINOL 3
OMP_NUM_THREADS
TEEY %,

JAavoC
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Work sharing#g3

- parallelfE "X D L S 12, BEDA LY FTEFTI 5565
IZ2HE T, OpenMP i3] Z5sd 640E (78w UB)
D ER> % M 51| 5B (parallel region) & IE .5,

- WHFEBZIREE LT, ALy FEITHIEFTT H0EE
s8R 9 % OpenMP D # 3 7 Work sharing# 3 & L3S,

- Work sharing#EXX (&, KREL DT TUTD2@ELH 5,
1. B EEANTELEEHT D EHD
- for#g 32 (dofExX)
. sectionst&X
- single® 3 (masterig ). 7% &
2. parallelfg "X EMBAEHLEDED
- parallel for #3Z (parallel dof& )
- parallel sectionstg3x. 74 &
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REMEHETRX




2019/2/13 AEE R KNLEE

Fort3X (dot3X)  |'somp paraliel do

#pragma omp parallel for ~
for (i=0; i<100; i++){ ISomp end parallel do
a[i] = afi] * b[i];
) i VAL T
l ALYk DECE)
ALvEkO ALvk1 ALYk2 ALYE3

for (i=0; i<25; i++){ || for (i=25; i<50; i++){ || for (i=50; i<75; i++){ || for (i=75; i<100; i++){
a[i] = a[i] * b[il; a[i] = a[i] * b[i; a[i] = a[i] * b[i; a[i] = a[i] * b[i;
} } } }

AN} 3

XA FHEELTH
ELVMERICHBIESE <435 D AL IE
A—HHIRET S, Lk il
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for (i=0; i<100; i++) {
ali] = afi] +1;
b[i] = a[i-1]+a[i+1];

J

for (i=0; i<100; i++) {
ali] = a[ ind[i] ;

J

EE R KNLEK

FOrfEX DIFEMN T E /&L il

JL—F M FEIERT B,
BREBRMNELD
(afi-1]A B FHEN TLVAL

ZENH5D)

\ind[i|DAEIZEY.
IL—T i 5L TESH
EOIMIRES

alind[i| NS HRFRTHE

TSNS EETEMNZLVG

&lZ)L—Fs

5L TES
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Privatefii Bh#g X

#pragma omp parallel for private(c)

for (i=0; i<100; i++){

HKEHMMNBEALYRT
A DEMZEERLTELT

a[i] = a[i] + ¢ ™ b[i]; —>ERiEEN S
}
FHRIDAIE
ALYFDEE
ALYEKO ALYE1 ALYk2 ALYEK3

for (i=0; i<25; i++){
ali] = a[i] + cO*b[i];
}

for (i=25; i<50; i++){
ali] = a[i] + c1*bli];
}

for (i=50; i<75; i++){
ali] = a[i] + c2*b[i];
}

for (i=75; i<100; i++){
a[i] = a[i] + ¢3* b[i];
}

TLDLE

AWNVINDL S =




2019/2/13

PrivatefiBI#g "X DFE (CEEE

EE R KNLEK

}

#pragma omp parallel for private( | )
for (i=0; i<100; i++) {

for (j=0; j<100; j++){

a[i]=ali]+amat[i][j]" b[]];

JL—TEH | B FRALYFTRHDERZERLTEITSND,
eprivate(j ) MELMEE . FALYRT HELEH | DHIUME

%;::[
NIl 1

ZiToTLFEH=8. 100

a

D IL—TZEITITIELELY,

—BRERNBEREERY ., T5—EL5,
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PrivatetliBI¥g~m X DF = (Fortran§:E)

ISomp parallel do private( j )
do i=1, 100

do j=1, 100

a(i)=a(i)+amat(i,j)*b(j)
enddo
enddo
ISomp end parallel do
EITSNS,

JL—TZEH | . FEALYRTRIOZE#HZEERLT
private(j ) MEWNGE . EALYRFT HELEH | DHOU+E
D IL—TEITITIELTELN,

A

HF(2fToTLEST=H. 100
—SBEERNERERLGY, T5—L75,
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)54 S 3 BB R

(CE:E

CAREA L. ALy RUEFIOEREER L&, 1 DOk
BrEENSAIFIET S

- FEEORLIHFA Ly FEIZFERIHIZZ SN D

. reductionffiBhIE R AEWNE . ddotlZ B2 EFLEHMIZT D=8,
WMAETTERDIEREEDLELLELRED

#pragma omp parallel for reduction(+:ddot )
for (i=1; 1i<=100; i++) {
ddot+=a[i]*b[i]

)
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)59 <3 B RY
(FortranS3&)

CHEEESE. ALy RUBOKREEELIH. 1O
BZxEB-WEEICFIHT 3
« FEEOR LI AIERA LY REICIERIEIIZGZEIND

. reductionfiBh3E "X AN E . ddotiFHBELEHKIZL S 1=,
WHETTCERRIOFERLEEDE LA

ISomp parallel do reduction(+:ddot )
do i=1, 100
ddot = ddot + a(i) * b(i)
enddo
ISomp end parallel do
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) Z Y a UmBERXOEE

. reductionf@ B~ &, HEERIZELfTHhN D D T,
PERE AV ()
s ZLDALY RERSES, HEELIEMZKL L
cATFDOEKSIZ, ddotFBDEFIZFER L TERTIMET 2 A1 S

REBELHD (L. BEYA X, N— Ry T7E&E)
|

ﬁﬂzyﬁfmumpmmeﬁ);Kbvpﬁﬁww_jgﬁﬁ:%xpxbv |

do i=istart(j ), iend( j FEALY RTT7IERT DA VT YU XEHEEERII
ddot_t(j ) =ddot_t(j) + a(i) * b('H £ALvY RTAWVS, O—HL7AddotH«

enddo Ed5lddot_t()ZHEMR L. OIZ#EME LT

enddo

ISomp end parallel do

ddot = 0.0d0

do j=0, p-1 —L
dmn=mmrummjuz+"@kfﬁb‘$

enddo
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Singlet& XX

EE R KNLEK

XFortranS 2 D54 (&
ISomp single

~

- Singlef@BIE R X T EESN=TO Y Y !$omp end single
EnmM1D2OAL Y RIZEIY H¥ TS

cEOAL Y RIZEIYYTHENEMNEFRITE R

- nowaitf@EBIIE R~ X AN LR Y . EEINAAS

#pragma omp parallel for

{

JOyoA

#pragma omp single

{

y

JavyyB }

0495 LORE

ALYEKO

(RRAA—RA

APVINOT 55

yik)

JOvy

A

[ 54 AL 38

ZLwR1 l ZLwRp

JAYIA| . JAavsA

J
JavB l ¢

|

o



2019/2/13 AEE R KNLEE

Masterig 3

fFEUVAIE, singlef@Biig R ER L
=72 L. masterf@Bi#g/ R TEE L 1=
MIB (LEIFEOHEO TT7OyoBl @

ALIE) (X,

IMTIRAA—R Ly RIZEIY K T3
R TRORIEALIEA A 5 738 0
FDEH, HBEIZKYERIESIND
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EE R KNLEK

AR LYy FEESEE#

- IR AKA LY REEEIZIEX. omp _get num_threads()EE%k

=XMET 3

- #Linteger (FortranS:E).
® Fortran90E EE2 D 15l

use omp _lib
Integer :: nthreads

nthreads = omp_get _num_threads()

int (C%%
CEaaD 4l

#include <omp.h>
int nthreads;

nthreads = omp_get num_threads();
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BALv FESISEAK

- BALvw REESEEIZIL, omp_get thread _num()EE%k %

MAT S

- B [Xinteger (FortranE &), int (C%%
® Fortran90F & D CEEEDHI
use omp_lib #include <omp.h>
Integer :: myid int myid;

myid = omp_get_thread_num() myid = omp_get_thread_num();
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B 5 HRIBE 2K

EE R KNLEK

- BFEIEHAIIZ (X, omp _get wtime()EE# = FIHT %

. #ll|%double precision (FortranE:Z). double (CSEE)

® Fortran90 S :Z D

CEFEDYI

use omp _lib
real(8) :: dts, dte

dts = omp_get wtime()
TR DI
dte = omp_get _wtime()
print *, “Elapse time [sec.] =",dte-dts

#include <omp.h>
double dts, dte;

dts = omp_get wtime();
TR DAL

dte = omp_get wtime();

printf(“Elapse time [sec.] = %lIf ¥n”,
dte-dts);




OpenMPIZHIT B R4y
Ja—=)y
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Rgoa—)20&&k (D 1)

- Parallel for/do#& X Tld. WHRIL—TOEHH (HlIAIXT ~

nDRS) &, BRIICALy FE#D(Z2E GERY 2
V= TEHE DR

E2I122E) LT, MHEZET 5,

. N 15 7T
1 ZLwk0  RLwK1  RLwk2  RLwk3  ZLwk4 n Laae==m)

|
» CDEE, BRALY RTHHALEIL-TIIHT HET
HEAEEMAEETHRWNE, ALYy REFTEHEOEBHIE
75§% JQ/Z:BIJ% ALk ALwk2 ALYER3 ALvyk4 N

vV v vV v Vv ¥ Vv ¥

TR AR
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Rgoa—)20LlEk (FMD2)

» BRIDHEREZT SICE. FlYaTrEZEREC L.
Mo, BRI DLDICEIYZTHIFE LN,

1 n
R AR

TR AR

» IR, FIYATHR (Fro o794 XEKRN) (&L
EEN—FD T E HREGDHDUEITIKET D,

» UEDENY B TET>MBERXAHESINT LD,
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IW—TRroa—"1) 2T DfEBIHEEX
(ZED 1)

- schedule (static, n)

W—TREFYIHAXTHEIL, ALY ROEHID
JEFIZ (RLy RO, ALY KT, - - - &EWND KD
2. 2O FROEVARXEMESR) [ BRI HLHIZE
UXHTD, NI2FvYv I A4 XEHBETET D,

- Schedulefi BB EX ZTEEH LBEWEZTDT T AL ME,
static T, " O2F v U A4 XE, L—TRIXL v R,

1

—

ALwEO0 ALYE1 ALwEk2 ALwYEK3 1

| N

B riAE S5~
m ERAFIEHREB T Y—
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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IW—TRroa—1) 07 DFHBIEEX
(£ED2)

- schedule(dynamic, n)

MN—TREEF v 994 XTHEIL, WEAKRT LT
ALy RO EREWEREGT, WIEBEEY K TS, nlc
Fy YA XEIBETE 5,

1
ZLYR0  RLwR1 2L k2 zLwk3 |

_—

B riAE S5~
m ERAFIEHREB T Y—
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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IW—TRroa—"1) 2T DfEBIHEEX
(£D3)

- schedule(guided, n)

NW—TEEFYvUIHAXTHEIL, BRLIZF v
A XZNSLLLAEAL, WEME T LEZEAL Y B
SCREWERLT, WEZIIYHTS, nlcFv U
AEHEETE D,

s FY VA XDEEMDIGE, BRYDKREMNEZAL Y FET
BB LTDENKETF Y IDHY A XIZE 5,

s F O AXIE1I2EN > TEHWIC/INSLLR S,

c Fo U HARIZ1T EYKRZTEVKEEELEES, Fy oy HA
RIFFEHEHNIZKk EFTINSLLCEGED, REOFvYv Ik KYNS

1 KRBDGZEDD D,

B riAE S5~
m ERAFIEHREB T Y—
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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IW—TRT7a—") 07 DFEBIHERX
DEEWE

® Fortran90S :E D

j-lLl— O RERB A ISomp parallel do private( j, k ) schedule(dynamic,10)
EEgEsRBICLYRES0T)[ =
i-)L— IO EAEA -dOFIndj(l), indj (i+1)-1

B TH D MR, y(i)=amat(j)*x(indx(j))
FITEIC LA, FEAETD enddo

Ry NV oV ISR AN AY ¥ >R enddo

dynamicZ & < 1 — 1 >+ % | !Somp end parallel do

el

CEEDH #pragma omp parallel for private( j, k )
schedule(dynamic,10)
for (i=0; i<n; i++) {

for (j=indj(i); j<indj (i+1); j++) {

} yli]=amat[j]* x[indx[]]];

}
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W—TRGoa—=)oT12EI+5
TSIV LEDEE
- dynamic, guided®D F ¥ > 7 %A XILEREICKE K HE

c F G AANINSTEBRLARNT VRAIERLGHNA KA.
MIBRFEEDA—N~Ny RAKEL LB,

e —hH, FYUIHAINKRETELEARNT VANEL R DHFMHE.
MIBEEDA—/N~ANYy RANS LB,
FEEOmMBONL—RKATHH B,

c EAEBEOF I ARADFA—= U ANEBET, Fa—=4
ORXMNDNEZ B,

-static DA TCEREENTEDE (BELH D)

dynamici EQEFTER T a1 —) U J1E. P ATLDF—/N—
ANy RAAB D, staticldF—/N—~y R (FEAE) FEL,

« FRHIICAROEBNIHE E LD IL—THEHEZAN LT,

static A7 o a—1) VT %FES L. RBLFIENBWARIEEELH B,
=L, AT UTOOIRBMIEKRT S



OpenMPD A4S 53>
JEDFEE
(£H8)
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OpenMPIZ &k 37045535 LDEE

41\

- OpenMPif 714k [,

parallel#g 3 & FA LN = Bl 7 for)L— F i 3114k

MEIZIED T EMNLLY,
- B OpenMPUIIMEIE TR T T T VIR MMM D DT,
OpenMPDO 04535 2 U5 EDORANELEHNS

- parallel#§3212 & % W FME (1
privatef@ BN /R XD IE L LMELVA

ZEBLTWNE, NTHELD !
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PrivatefiBI#gRXXICEET 5 &

- OpenMPTld, EEBTICHFATIEHIE., T
B ZH (shared variable) 2785
- CEZNKRIBLE#. FortranQ0=:E MO moduleZ L. D
FETREBZHIZG D
« TSAR—KNEHIZ L= ESIE, ThreadprivateE = AL E
- parallelEX CRAMMNUHE L LTW35HE. TORBRKAT
O—HAIICESLTVWSEHDE., HEZHIZRD
« TOFEFZFETIE, WHANETIEFENME LR
c INEHCICE, LFOO—ROEENNBE
- FRROO—DILNEHEZSIHIZ L-EABTERH LEED
- FREOO—DILE#HZERHEZEHIZ LT, ThreadprivateEE 7 %
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Paralled& XD ANFIZEET 5:F=E (FD 1)

- Parallel#5 XX (%, dofBIig "X THEE L Cid= TE 5

I$omp parallel Parallel¥#3c® | !$Somp parallel do private(j,tmp)
I$omp do private(j,tmp) | wt&s1)L—F |doi=1, 100
do i=1, 100 155 parallel do do j=1, 100
do j=1, 100 THRETHOM | tmp=b(ji)+c(i)
tmp=b(j)+c(i) | BL a(i)=a(i)+tmp
a(i)=a(i)+tmp enddo
enddo ‘ enddo
enddo ISomp end parallel do
ISomp end do
ISomp end parallel
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Parallef@X D ANFICET 5FE

- Parallel#& (%, doffBhisrX

- EEIL— T OREZE

P54t L = WSS 1&

EE R KNLEK

THEEL CEEETE D
DB L 7=

- =2 L. 5'MEJ)1/ 7°Ejt§lJ1|:’C%éﬁ#li%@ﬁb“'l‘iﬁﬁb‘ﬂb\

BENERIZE S
« SMEAIL—TFI=T
doi=1, n
ISomp parallel do
doj=1, n

< 5L TELHH>
enddo
ISomp end parallel do
enddo

— 2 RIFENH Y

=)

. MEFMETE R VNG

ISomp parallel
doi=1, n
ISomp do
doj=1, n
<L TELHHA>
enddo
I$omp end do
enddo
ISomp end parallel

(£ED2)




OpenMPIZ &k 4SIMD{E
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OpenMP+SIMD

- SIMD (Single Instruction - Multiple Data)
- 1B CTEET —2 20
- AVX5126a ¢ 148 S CREBEZFE/N R E8E = ALH

KNL’C!:J:AVX512|:D TEARFA LG TNEEWNEEN T LA
Ly

- SIMD%{1(£OpenMP 4.0/ 5 H7R— b
c AVUNATHBEERY MILIEE LT NED, F8RE LI=ADLEE

=
c AUNATHESEFZAZTHI L H DD TERER (REEK
H)

cA—FDETRAELELTEHEED (LELIE) HB
cAFYDTIA VA MAEE (FIHR)
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OMP For = Do+SIMD

. CE3 :
#pragma omp parallel for simd
for (i=0; i < num; i++) {
sum = sum + ali];

}

- Fortran:
ISomp parallel do simd
do i=1, num
sum = sum + a(i)
ISomp end parallel
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OMP SIMD& ¥4

- C

#pragma omp parallel for

=zh -
/) AR -

for (i=0; i < num; i++) {
#pragma omp simd
for (j=0; j < num; j++) {

}

}

sumli] = suml[i] + a[i][j];

EE R KNLEK

- Fortran:
I$Somp parallel do
do i=1, num
I$Somp simd
do j=1, num
sum(i) = sum(i) + a(j,i)
enddo
ISomp end simd
enddo
ISomp end parallel
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Declare SIMD

-E#MEF D T ESIMDIE L 20MEE
+ Z DRI%IZOMP SIMDDF THIEN 515 EIZSIMDIE S h %

- #pragma omp declare simd notinbranch
float min (float a, float b)
{returna<b?a:b;}

void minner (float *a, float *b, float *c) {
#pragma omp parallel for simd
for (i=0; i<N; i++)
c[i] = min(a[i], b[i]);
}



KNLIZ#511%OpenMP
ETOEER
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KNL(OFP)IZ & [T HHyperThreading

IO 6807

 HyperThreading(HT)A%h: 127 &7 Y 4 HT
=> 85t 2722 Ly RE{TAEE

cAVX-5123 =y FEBLKETHEYEIT7 H =Y 2{E(=136
&)
L 2DMAVX-5121=w R (VPU)EFEWR < EAE 1 HTTOWNES
¢ AVX-5122 = MELAMEZ TR TFAE 2 HTE > =AY

- ATV EREZRBWKT DBENDNIEE
3~4 HTA WL LNEES 2 VPU 2 VPU

1MB
Core L2 Core

124 )L=2a7
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OFPIZHITHA L v FEIfFIT

c AZ—a7 =>0SEYAHABLLEICLDE DY IDHEES
ITeI
BN THA—ANWNDBEELENEEETZITD
CHEIZRATEYRARIE IMSEIZR ST B
- OFPTIL, O700# XA RENYIAHEZFITED K D IZE&RTE
SEELDAEEEH Y )
- 3708, AAIILATLR2E vy aZEERXBL TSI T71HTE %
=T 5
-HTO7 AR ELZRIT S
- 37%&%= 0,1, 68,69, 136,137, 204, 205
FETHBHN LEALIWNWNCEEGED
Z V)
« M%LL EERENNET S
- B RIREE A AERD

1324 )L=2a7
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KNLTDR Ly FifiF)$ & R~ DEE

Xeon Phild, Xeon@ EBEFEDOTILFAFTCPUIZERT
c 7O Oy HEL

- Reedbush®Broadwell (2.1GHz)IZLER T 1.6/Z52E
cAFYTOEALATUUNKEWN

- Fy ITRRY N —20 N EH

—OpenMPDIERXIZE D
A=~y RORRELGED | T
g PARALLEL FOR
- BN BIERXDF —N = BARRIER
~v [ (EPCC syncbench)  § | ——mee
+8AFMBI6I T TAEG &
TENDDEIICRAD 5
- 2T FR—=% A L,

c A~BAT T I E T D H 0

2 4 8 16 32 64 128 256
- 128~256 0 7 IZHT{HEFE

# Core
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OpenMPIZH 1T B %5

e TR H X AtomicLIBX /N1 7 % R AR (AtomicR) DA — /8~ R

BV (EPCC syncbench)

ZENS Xeon Broadwell 3231 7 T &
- Parallel for/do’s &, #R&<7EFERX Atomic: 0.Tus LR
HEHREIZ/NY FAEBIZESE A TL %) Critical, Lock/Unlock: 0.4usLR

= AEYTIECALATUID

- Ix KR K = < Parallel regionz %,  ®##

- fg[A|Parallel for/doF ¥, K&E# 3
Parallel region M Tomp for/doZ#&Y  |[ ——crirca
G ' —=—LOCK/UNLOCK

d (usec)

- MP1+OpenMP/NA J'1) vy REE{TIZ v: ATOMIC
LY. ALy Riig|EETITSE £ '1
T7ITVT—2aVIZIKEY

 BETHL< =

O L
2 4 8 16 32 64 128 256

Overh

# Core



KNLEER(1/ — F)IZ
HTHZET
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(o) —
AN
Intel Compiler 2018 update 1 =8
(OFPDO T 7 #JL &, intel/2018.1.163, 20187 AIRTE)
-CO2/N1A 7Z: icc
- Fortrana > /N1 < ifort

- 2018 update2/3, 2019 update 1 £ 1 > X b — L FH
s AVTFUVADERA I VT THEGRN—2 3 NS NIEEN
-YPIYEBEZAHE (2019 update1)
- AR VRIAY, O3 TR T MHEE
module switch intel intel/2019.1.144
cFHTLOWANEENHEZ SN TS AEEMELAF L
(CTHEFHEB/NTEHLEINE )
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ANAILA T3y

WEBEA T 3V 2 LA A LY
- -XMIC-AVX512 - -gopt-streaming-stores=
- KNLA 3 — R4ER always / never [ auto
- XeonTHETT 574 5 -axMIC- - always: ¥y v alcHELEGDS
AV X512 ES. Ty vl a0EFERBMN
. -03 GRS PENIE )
- L - neverlxZ D
L (fj]e“rzlrznb/\) - T 74 klauto
q Op P . - IL—TDOLRESNC L2 FHIEATRE
- OpenMPH %} (LL R IZalwaystE 24)
. -align array64byte . g%agr?a vector nontemporal (in
(/Ir:o/rtra(lgudj)io”st) Fe 5l 7264byte“ « IDIR$ vector nontemporal (in F)

- -qopt-prefetch={0~5}
. g\"'J Ty TFEEDLBUVEERD

* -NO-veC

oSIMDﬂ:’&%% Hd, brkoEE
&< BDBEND D
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EITHRFOEE

687 MDO6, 4T EESLEEEE

- Dy REHCEHDOFRE. 37 0,1,68,69, 136,137, 204, 205% #E
fR
c AEY TV ERAKLYSEDLEENTITNEEI 7L THEOIANE

- {31 :

1. 134 ILBHEY1aT7DH, 3207 FEMH
- Frv YL aAFANEREZERT HHE

13 71HT, 643 7{E 8

13 72HT, 1280 71{EH

13 73HT., 1920 7 & H

13 74HT, 2563 7{EH

o kB Wb
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27 EMT H&E

cAAILBHY1R Ly R

s Fr T arEtTRICEZALIHNERNY FIREZHTICIEZEY R0
C3TRYYTRT
#PIM --omp thread=32 F =& (LLRREFRIZA Ly R¥#g=
export OMP_NUM_THREADS=32 F5a7%)
export KMP_AFFINITY=proclist=[2,4,6,8,10,12,14,16,18,20,

22,24,26,28,30,32,34,36,38,40,42,44,46,48,50,52,54,
56,58,60,62,64,66],explicit,verbose

2VPU L 2VPU

2 VPU L 2 VPU 2VPU L 2VPU 2VPU L___| 2VPU
1MB 1MB 1MB

Core Core 2 L2 Core

Core Core

oypy HEEE ,\py
1MB
3

>
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6407 EAT DIEE

A7 ®HY1TAL Y R

KNLZXE %

- KMP_HW _ SUBSETE®REZ#MAFE Z 5
- YBATHc@A Tty baTHEY XLy Rt
- 64c@2,1t: 6407, AT EE2MLER, a7 HZYIAL Y R

export KMP_HW SUBSET=64c@2,1t

export KMP_AFFINITY=scatter,verbose

2VPU _____ 2VPU
1MB

2VPU _____ 2VPU

1MB
(o Nl (7)

1MB

(o) el (1)

2VPU e 2 VPU 2VPU ____ 2 VPU

(2 ) A (3)

2VPU

1MB

2VPU

el (5)
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1287 {ERHT 51536

A7 ®HIY2A LY KR
. KMP_HW SUBSETISEZLH : 64c@2,2t
- KMP_AFFINITY[Zcompact =157

- scatterl=9 % &, M—aFICAL Y FOL64, ALy F1£65...0
E3EHY, Fvyyah®

export KMP_HW SUBSET=64c@2,2t
export KMP_AFFINITY=compact,verbose

- -
45 67 8_9 104 11

1MB

12 )13 i 141,15
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192, 256 A 7 {ERAT 556

19237 256317
A7 HEYIRLY R ca7HEY4RL Y R

export KMP_HW_SUBSET=64c@2, export KMP_HW_SUBSET=64c@2,
3t 4t

export KMP_AFFINITY=compact, export KMP_AFFINITY=compact,
verbose verbose
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TE“ l') é —Co)ﬁEmﬁ\

f?l?QU(EtLQ§7§2%ﬁEnmﬁ??'%5 é:
(BEBYICHE>TWECTELVLWEWET B)

- KMP_AFFINITYIRIEZ # - verbose = 15 &
BETT—HAH (etHEFEDT7A4IL) IZLR—FMHEH

- BARZTEFLUTOLSHBED (FREDA)

c 32 F7EFTDOH: ALy ROATF72, ALy R1AO74, XL v K2
MIO76... 128 HT

OMP: Info #242: KMP_AFFINITY: pid X tid XX thread © bound to OS proc set {2}
OMP: Info #242: KMP_AFFINITY: pid X tid XY thread 1 bound to OS proc set {4}
OMP: Info #242: KMP_AFFINITY: pid X tid XZ thread 2 bound to OS proc set {6}
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Y MIUE. ALY FE. ETHEROHE

§3~J

. :l//\/r)lxﬂ:'—jrlh 'ﬂ:, l//_k I\%_:EEHIL,\
- -qopt-report=5
77 4 JLE.optrpt EHER
- V—ILZEFAT S (&)
- Intel Advisor XE
- XY ML, XLy FAMFIMED T F/NA4 R

 Intel VTune XE
- JaTJrFrA) T



KNL/OFPIZH T 5
MPI+OpenMP/\A J1) v K
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MPI+OpenMP/NA J1) v FE{TOE

-MPIZ 2 JHEOEMIZHND, HEAT) A —1~NY K

=Yl

- BEEUTOL D GHEAEGHOENRNE SNTESE

/— KA : OpenMP
/ — F[E - MPI

- £/~Reedbush® & 5122V 4 v f TNUMA %’
nid
Y /7w A OpenMP
Vs ME+Y/ — FE: MPI
- 77w FMPI&RIBEFZ AN K A L < &Ly

E A LT

AZ—OAT7 YIS RATIFFSBEMTE L
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MPI D53

cAYETE—=—UNY U TREDODTA T T YEBEDT1 D
c AYET—IUNRYIUTDOETILEH D
s AVNATORE, BFEDY I NITIITRITATITUEETEDOTIER
Ly

- RA T B AIET R T SISRATICM <

« RKIRIEETHE AV AT BE
- 170y HIZBFEZAT) YA IR T7AILY 1 XD EFTH AT EE
- oty HEHOLZ WSS X T L (Massively Parallel Processing
(MPP)Y X T L) Z#RWAHESTIZAL
- 1 70ty BECTCEAGETHEEOE L., ERE TUIEARE
- BIEENR S
- APIl (Application Programming Interface) D#Z%E4t,
c A=) T a4, EEEAEL
- BEAEEZI—UMNRERIT S EITLDTIILTY X ALADEEIL A AIRE
- JOTSIVUITNELL BEENATLY)
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MPID#EE (ZNFET)

- MPIZ o+ —3 4 (http://www.mpi-forum.org/) HMEFkR
TE
- 19944%5H 1.0hkx (MPI-1)
- 19956 H 1.1k
- 199778 1.2, H KUV 2.0z (MPI-2)
- 200845H 1.3k, 200846 H 2.1hk

- 2009F9H 2.2k
- BAZEM http://www.pccluster.org/ja/mpi.html

-MPI-2 Tl&, LN &1t
- W 311/O
« C++, Fortran 90FHA 2 —7Jx—X
- B 7 0t RERBSYRE
- FIZ, WHERWIEDT EDAHRER
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MPID#E#E MPI-3.1

- MPI-3.0 20129 H

- MPI-3.1 20156 A

cLINOR—=UTIRIR - FFa A2 bEelFHF
- http://mpi-forum.org/docs/docs.html
- http://meetings.mpi-forum.org

. http://meetings.mpi-forum.org/mpi31-impl-status-Nov15.pdf
< FBH I RNEHEEE
-/ V- J0O JﬂF//J’E 118 15 T BE
(MPI_IALLREDUCE, # &)

- ST A AREE (RMA. Remote Memory
Access)

- Fortran2008 st 5. 7% &

/]|II|‘



http://mpi-forum.org/docs/docs.html

2019/2/13 AEE R KNLEE

MPID#E$& MPI-4.08Ef

cLUTDOR—VTREE - FXa A baRH
- http://meetings.mpi-
forum.org/MPI_4.0 main_page.php

- FRET ST UL B HEE
cNA Ty RTOTS IO
- II\:/I_II_D>I7 T hr—2 3 oomEME (Fault Tolerance,

s WK DDDT AT 7 ZRRETH
- Active Messages (A v E—U@{ED O b))

s HELEBEOA—NTY S

- XIEROREEAE BN =IEREAEE

e RWNA—/N—AY R, XA TS5 Utr%k

e Ny IT7YUTRLT, AT TNV RTTEK

- Stream Messaging
cFSOTFAINL A A =TT —X
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MPIDELE
-MPICH (= A - EvwF)

- KET7I T XEILHEAHIBEFR
. MVAPICH (T L™ 7 £ v F)
« KEF/NA FINIZKREFETHFE., MPICHZX—X
- InfiniBand\] 1T DENF=EE
- OpenMPI
c =TV —2X
: Ry ZMPI
c K., EOENINIR—=X[ZHE-TLD
H:=2+t@® =1 . FX10AHDMPI: Open-MPIX— X
Intel MPI: MPICH. MVAPICH~X— X
- FERERIA—HMBEBEILEL T INTWVWEZ ELH D
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MPIIZ &k %1818

- BREYOELXIZE U
- HLRICIDEDIEH

1. BHOER. JYEDOERT

2. HAICA-DTWBEHDIFEZIZH B M

3. RIZA-TWBHDODHEE

4. RAZA-STWVWEARHEDDO=

5. (FYMEEHREICXZBED) BEAE (&279)
-« MPITIE

1. BoOR#:ID. BLUV., EYEDFRHEID

2. T—ARBWMILDT RL R

3. T—A2#

‘. FT48

5

2ITES
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MPIBEEk

- VAT LB
« MPLInit ; MPI_.Comm_ rank ; MPl Comm_size ; MPI Finalize ;
- 1 X1 1 BIEEHE
- JOyF 8
- MP[ Send; MP| Recv ;
- /7Oy x TR
- MPl Isend ; MPllrecv ;
- 1 @ EE%
- MP| Bcast

DipGREYE kS
-« MPl Reduce ; MPI Allreduce ;  MPI| Barrier ;

- IRFE T RIBE &
« MP| Wtime

. E
>

Al
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OSaz=4H—4

- MPI_ COMM_WORLDI[Z, Oz a=Z45—% & KEN5H=

A RETHEHR
X2 —A1F, Bz Oox&go oty HE%E
E & B

- EPREE T, OF~numprocs—1HFFTHOTOtEYH
A, 120322 =7—XRICHEIYHETLHND
- COZFIN., “MPI_COMM_WORLD”
- Oty HEENSE LGS, MPIL_Comm split B3
=¥ A r

c AytE—TF, —EO 7Oty B EEIC
BaEdT B EZIZFHA
c TILFF¥ XN THIA
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B 55 & MPIFAEE

-MPIIZ I 70+tXR] BOBEZTVEYT, 7O0XE (F
‘Bl T7otwyy] (L LLKIE, O37) [T——TE|
DL THNhET,

-7 > 7% (Rank)
& IMPIZO+®X] @ I#EBFE=E] O &,
- BEMPITIEZ, MPI_Comm rankfF8# TR E SN D LEH

(B> FLFaY T LTIEmyid) (2, 0 ~2PE#H— 1
DEEMNA D

-HOPOLEMPI 7O X ER 5 IZI1FE,
MPI_Comm_sizeBE# & {F 5,

(o FLFoF 5 LATIE, numprocs 12, Z D#{E
MNAD)
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MPID#ZE)

BT VUTIE, BLTOT T LLNRKFICEREE L
BRIR = b = SPMD (Single Program Multiple Data)

mpiexec.hydra -n 4 ./a.out
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EARANZMPIEE %k

HE. RFEOEHOA X TT—X
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|=|n|:|’f /9 Jx—RAR¢E
Fortrand >3 —27 = —AMELN
- Chrlx. EHLTHierr AR Y B
lerr = MP|_Xxxx(....);
-Fortranhit &, T2 ICEBH LT KierrH 2|
call MPl_XXXX(...., ierr)
c VAT LRI OERDLES
-CESiB
MPI|_Status istatus;

- FortranS &
integer istatus(MPl _STATUS_ SIZE)
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|=|n|:|’f./9 J1—R¢E&

FortranA /’5‘ 71—}(@“’%\
« MPIIZEB T3, T—A2RODIEEE
- CE
MPI CHAR (3Z=8!) . MPI_INT (ZE05).
MPI_FLOAT (£#4%!). MPI_DOUBLE(£543,
)
- Fortran=:&
MPI_CHARACTER (X %) . MPI_INTEGER
(BEEFE). MPI_REAL (S23#Y).
MPI_DOUBLE_PRECISION({Z 45 E = #5)
MPI_COMPLEX (#5831 %!)

- LIEX, CER/A V27 —ATHHAT D

Mt
i

\I||'I
/'
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EBMPIESE—MPI Recv (1/2)

- ierr = MPI_Recv(recvbuf, icount, idatatype, isource,
itag, icomm, istatus);

- recvbuf : REBEOLEBEBEMZIRRET 5,
- icount: EHAH ZEEEOT—IEBERBZEZETT S,
- idatatype :  EBEHI, ZEBEBOT—XDOHEEIEET 5.
. MPI_CHAR (XZ#) . MPI_INT (E#3),
MP|_FLOAT (£%#1%!). MPI|_DOUBLE({Z¥EZ=%H)

- isource: BHIE ZELEWOWAVE—UEEIETBHPED
TV EHEET S
. EEOPEADZIE L0 E Z(E. MPI_ANY_SOURCE %i5%7 3,
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EBAMPIESE—MPI Recv (2/2)

-jtag : BEE, SELEVAYE—JICHONTWE R TDEEETE,
- EFEDRATHEODAyE—UFELEWE ZTIE. MPLANY _TAG %15
o
- icomm : BHA, PEEHZRHB I OI2EESTHDSIZIa5—4
=T,
- BHE TIEMPI_COMM_WORLD #f EEJ 1Id KL,
- istatus : MPI_Status® (EHADET]) , ZERKRRIZCET D
FEMNAD, N b IdEHEADETEEZ LRI ZHERT AL,
- BRI AHAMPI_STATUS SIZEDOEBEHEIIMNE S =5,

c ZELIEAYE—CDEETD T Y A istatus[MPI_SOURCE],
2 45 A istatus[MPI_TAG] 28 A &1 5,

EFE . MPI_Status istatus;
- Fortran§&& : integer istatus(MPI_STATUS_SIZE)

- jlerr(RYME): BHE, T5—31—FAHAD,



2019/2/13 AEE R KNLEE

E B MPIES%—MPI Send

- ierr = MPI1_Send(sendbuf, icount, idatatype, idest,
itag, icomm);

- sendbuf: XEBEOLEEFMZIETE

- icount: B XEBEBEOT —IEBERHETET

- idatatype : BE I, XEBEBOT -2 D EIEE

- idest:  EHA, EELEZUVPEDicommNTDT VY EIRE

-itag: EBHE, RELEVWAVYE—VIIFIToNEZTDEZE
TE

- jcomm: EBHH, TottyH—EHERBITLHIESTHD

X247 —3 %1
cjerr (RYME): EBHE, T7—O—FHAD,
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Send—Recv®D#tz (13 18(E)

PEO PE1 PE2 PES3

MPI_Send

. WP Reor
S LT ! MPI_Recv

B |
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)&H S EE

c<BE>SIZEoTRK
(U97/3>)§ﬁ

-UET T aVEBIR BELFHREEVELT

- EMBEEE (collective communication
operation)

EEEND

CEEEROFLADENT, 2ED
1AVRATIT—ANEET D
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)&H S EE

CEHEFRIINT AFTEPEDE LY
- MP1_ReduceFE#
c )R VEEDKERE, HH5—DODPEIZHTBESHES
-0

i34

. MPI_Allreduce 8%t
c E O 3 UEEDERE, £ TCOPEICRIESE 5
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ER 7 MPIES%—MPI Reduce

- ierr = MPI_Reduce(sendbuf, recvbuf, icount,
idatatype lop, iroot icomm);

° . L El'lj < H o
- recvbuf : Z{E4BIH D 5] E%’%i’é%ﬂ 9 5, iroot TiEXE L7=PE®D
HTEZAHNEIND,
FEBELESEREBIE. F—THhH-o TUEE S ALY,
ERY XN E&é@@%ﬁﬁb@<f@&%&uo
- icount : E#HH SHBOT—2EBRYBZIETT 5,
- idatatype : *5‘%1 Jiﬁ:%ﬁiidh‘ ROBEIETET D,
°(%W%)<%¢/%ﬁ@k&ﬁ>%ﬁ?ﬁ§%%
E9 di5EE. MPIL 2INTEGER(ZE# ),
MPI_2REAL
(B¥EER), MPI_2DOUBLE_PRECISION(fZ#EER) .
ZHETET D,
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ER 7 MPIES%—MPI Reduce

ciop: B, HEEOEEZIEET D,
. MPI_SUM ({4%1). MPI_PROD (f). MPI MAX (&
X). MPI_MIN (&/\).  MPI_MAXLOC (&K & Z 0
fiIi&). MPI_MINLOC (/N ZDLE) 3 &,

-iroot : EBHI, HEREEZITRHPEDicomm A
THDI VI EHEET 5, = TNDHicomm ANDPE
CTRICIEZEET 2WEND D,

-icomm : B, PEEMZRFHITHI2ESTH
50277 —3%ETET D,

cjerr: BEAl, I T—3—FKHAS,

AT
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MPI_ReduceD#l= (SRELEE)

PEO PE1 PE2 PE3
MPI_Reduce() MPI_Reduce() MPI_Reduce() MPI_Reduce()

F—452

é *L __~|—'—|frh
ﬁ//
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EiRE7EMPIEE$—MPI_Allreduce

- ierr = MPI_Allreduce(sendbuf, recvbuf, icount,
idatatype ilop, icomm);

- sendbuf: XEEBOFLBERBEZREI D,
. recvbuf: 1mpﬁijd)5‘55§%§i’@€:$ ET9 b, iroot THE L=PED
HTCEZITAANGEIND,

EEEEEZEREIE. BA—THo TEE AL,
Thabhb, REDEINEHER LGS TEBELEL,
- icount: BHE, XEFHOT—2ERMEZIETT D,
- idatatype : BE#HE, FXEEEDOT—XDEZEIEET 5,

c MERRAELENEEZRTEEEZTRET 2551L. MPL 2INT(E#
7). MPI_2FLOAT (B ER),
MPI 2DOUBLE(fZ%E &) 89 5.
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EiRE7EMPIEE$—MPI_Allreduce

ciop: B, HEOEEZTIETET 5,

. MPI_SUM (4%1). MPI_PROD ().
MPI_MAX (8K). MPI_MIN (&/)).
MPI_MAXLOC (X & &), MPI_MINLOC
(/NEMNE) T &,

-icomm: EHAH PEEAZRFHZ T HHFSTH

A2/ —3%FEET 5,

cjerr : BEA!, I o—3—FKHAD,

AT
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MPI_AllreduceD#tE (SEELEE)

PEO PE1 PE2 PE3
MPI_Allreduce() MPI_Allreduce() MPI_Allreduce() MPI_Allreduce()

F—40 F—41

é hf:/:?l%:
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Javyvxyo. /oJavxyy

1. JAOvEo4y

CRE/RERONY 77 EHIZ A Yk~
M, ZE/EZEAO/NNy T 7EEA
Z?tX-i%%f%éif FEOVH L
cC[\

Ny T PR EOT— 8 O— Bt £ RE
. MPI_Send, MPI_Bcast &
2. JrJAvyFxrY
K5/ ZERONY T FHEEBEOT — 2 &R
ICICHUHELARSD
Ny IT7HEBLEOT—2DO—BMEZREST
- —EMORIAGI—TFTOERE

#ﬁ
N

BEE9
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Oy &2 BETHEROEL

c O RO ELRT—2ZFFE->T NS5
E 9 Hsend T, WEDENZE #Eﬁlﬁ#%%

70+ X0 Fo el

rikEcOREES
[

[: RORETOREES

Jat X1

At X2

RORETD
REARE S

A+ X3

XD
RETD
AR

I sesmmnmey s
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J oAy 5 EERS

-ierr = MPI_Isend(sendbuf, icount, datatype,

idest,

itag, icomm, irequest);

. sendbuf : *1{5 i:t@f‘E”E*i’@’é‘:?ﬁﬁﬁ'é

e icount :

%

E%&*” KIERBDT — 2 BERHEIEET

- datatype : BHH, XEBEEOT—2DEEHEET

%
- idest :

U &6 E
BEA, RELE0VAYE—VICffIToNT

1Nal

E%%*Eo *E1E L7=WWPEDicomm ITH T v

DIEZIEET 5
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EE R KNLEK

/o0y xJEERK

-icomm : EHA, PELR

/||II|‘

i

_ﬂ _ﬁ

aicsnB

9 D2

THHAZIa1=_l— 9%?%?%
-58% T £MPI_COMM_WORLD % g%

FTHIX KLY,

-irequest : MPI Request®! (E# % DEC

51)

ﬂgéﬁkbfﬂyﬁz,A;Dth#

nE/WDJIJ % 75\ R é

cierr : EEFLAU

To—C

o Pb§j\éo
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I RATF 5 REEX

-ierr = MPIl_Wait(irequest, istatus);

- irequest : MP|_Request® (ZE#AEIF]) .
EETEXRLEAYyE—2I2DF =851+,
-istatus : MPI_Status®! (BHEEF]) .
SEWRRIZET D IFHMA A D,
- BERHAMPI_STATUS SIZEQOEB¥EFIEES LT
BET 5,
cFELEAYVE—CORETOT UM
istatus[MPI_SOURCE] . # 7 Alistatus[MPI_TAG] IZ
RKASIND,
s RET—RXEERET DRI RIET —XEamH+HIHIIC
{iM\—d—u¥/3\L_ CE
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J s JAyXUTBEICKHINE

c TACAODNMEBERT—RZHF>TWVDEHEE
Eifng DsendISHITORIEMLRMEE =iz s5%. MPIL WaitT

/2 IRvR T BETHIR HEORITHTS £S5 ITET
A
l \ \ -

“FO+20 ~ 254 | Somer

JOtX1 \\ RORETHRLES

JOt+X2 \ \ ROBRETORBES

JO0+X3
RD
RIETD

EEGE
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II ) N II\\

LTOEDICTEHIRLTLESLY
-MPI SendBRE#
F%ﬁ%l':' IZMPI WaitE#H A - T Ly

MPI IsendBE%%
F*ﬁ?&':' IZMPI WaitE#H A > T ULV
R

-g?\iétl—ﬁf 75 LIZERE
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25 Xmk

MPIi3I 7 a5 5 Sy Y. PAFTI &/ HEER

2. WA FOYTT = /OB%OD%MPIHJXZ FH=EW &,
bR ATIEmRERE X
( http://accc.riken.jp/HPC/training/text.html )

3. Message Passing Interface Forum
( http://www.mpi-forum.org/ )

4. MPI-dA—=1 2T 1) Xk
( http://phase.hpcc.jp/phase/mpi-j/ml/ )

5. WHIE2—2TFE, EHERE. BRE (199
6)

L]
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double 10, t1, t2, t w:

EE R KNLEK

H#Fﬂﬁ I:I-I-Iﬂlljili (C = |:||:|

N7 EIEAR

ierr = MPI1_Barrier(MPI_COMM_WORLD); €
t1 = MPI_Witime();

<ZZIZHIEL--WITAad S LEELS>
t2 = MPI_Wtime();

t0 = t2 - t1;
ierr = MP1_Reduce(&t0, &t w, 1,

MPI_DOUBLE,MPI_MAX, 0,
MPI_COMM_WORLD); e

ez S SFLARFE

&Z7AtyH—T t0D{EI
215,

_DEEIE. L EWNEDD
E7O0tyHO0ENZITES
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BFEIETAIA % (FortranB &

real(8) :: t0, t1, 12, t w

call MPI_BARRIER(MPI_COMM_WORLD, | R AT A LIRS

t1 = MPI_WTIME()

<ZZIZHIELE=-W0WIayd S LEES

t2 = MPI_WTIME()

t0 = t2 - t1

N T EIERE

call MPI_REDUCE(t0, t_w, 1, MPI_REALS, & POy H—. t0D s
MPI_MAX, 0, MPI_COMM_WORLD, ierr) E; 7;;)/ Y—T t0DfE

<«

—_DEEIE. UEWE
DONEFTO0tvH0FE
M= (+HLS




OFPIZH T HMPIZEST
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EITLDEE

- TJOEREZVT (77427 4) ZRERIREIZT B
CENER
- J—R¥, TOotEX#EBEYIZET
#PJM -L node=fFF/ — F#
#PJM --mpi proc=2 0t XAH
cERERY ) TR
- MPID & (75w EMPI)
- lusr/local/bin/mpi_core_setting.sh
- MPI+ OpenMP/N1 J1) w R
- lusr/local/bin/hybrid_core_setting.sh

e R Y TFTRDOELWMEWNAIZ TFAFEIZE) B




2019/2/13 AEE R KNLEE

22v FMPI
U TRYUY TMNZUTEHE
#PJM --mpi proc=270O0ERH#
source /usr/local/bin/mpi_core_setting.sh

1~33701 X LEEIXAILZERITTEAAILIZEE

2VPU ____ PRV oypy M 5\, B 2vpy M S\ oypy I 5\
1MB

Cors L2
«34~66 7 At X I LEE1A AL T EITTE I TICRE

____WP3Vi: S\ ovpy HEM  \py
0 ﬁ 1 2 ﬁ 3 4 )l 5
6770 EX I EBEIATERITTKRITICEE

B8Ot XR a7 EFES LOICHE
- 6927270t X i A—aAF7AMNEEIZEDLSIC

Ton Ml (o) o) MEM (23) [(45 67) 189 0

Core Core Core Core
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75y FMPITOEE

B9 7L LETHDEELAAILERHITEOESIE, LULTOD
RIELXHZEZEMNTHANELDH D

export
| MPI_PIN_ PROCESSOR EXCLUDE LIST=0,1,68,69,13
6,137,204,205

- SEBEO T DHENT B IZIE

export
| MPI_PIN PROCESSOR _EXCLUDE LIST=0,68,136,204
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2019/2/13

MPI+OpenMP/\A J1) w K

- X T O XAT1~68R Ly RE TIZTHI
-3 TART) T RIZLUTRZEENM
#PJM --mpi proc=2 0Ot XAH
#PJM --omp thread=7O0tXHE=Y XL v B#
source /usr/local/bin/hybrid _core_setting.sh €— F
- E—F
1 FEEDIZAINEERITTEZAILICEE, 33RL Y KF
T
2: EBEDI A A I ERITTEZIATICEE, 66 ALY RET

317 ERITTCE&AITIZEE, 67TAL Y RET
4: Z7IZEEE, 68RA Ly RET (SLHEITEETALY)
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MPI+OpenMP T DT E
cBOR Ly RUEFEWEWGEEELDBE A THENNE

-5 128X Ly R/IFAER(1/— K170 X)EWNENEES

#PJM -L node=16
#PJM --mpi process=16
#PJM --omp thread=64 41 >E68RX Ly RLUTRIZT S

source /usr/local/bin/hybrid_core setting.sh 2

export OMP_NUM_THREADS=128 A3E{FE (V7=
export KMP_HW_SUBSET=2t A7 HEYDALY R
mpiexec.hydra -n ${PJM_MPI| PROC} E177 71 /L&
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MPI(+OpenMP)E{TTODEE

° MCDRAM@EQEE :(:) j'—D/L,\*Lfcl < l l
- | MPI_HBW _ POLICYRIEZL#
export |_MPI_HBW_ POLICY=hbw_bind
export |_MPI_HBW _ POLICY=hbw_preferred
export |_MPI_HBW _ POLICY=hbw _interleave

- TAEAADEY HTHAENBY MERT S L
export |_MPI_DEBUG=5

« SHICALY FEIYUSBTHER
export KMP_AFFINITY+=,verbose

[40] MPI startup(): shm and tmi data transfer modes

[0] MPI startup(): 192 269565  ¢3850.o0fp {2,70,138,206}
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MPI+OpenMP/\A 1) w FRITIZEE L T

- MPIEE#Z., YILFAL Y FIRIETETI DREIEENDE
- 3D ®ME— F: Master only, Funneled, Multiple
- MultipleTlx, EFBEIEEMICEIETTETRL, HFEYRT—ILLAEWV
- Master only Cl&Parallel) —> 3 M 5 HR [FALIE O TR0
HFICEH LAV OTHNIEFunneled TE S DAL LY

Master only

Funneled

Multiple

#pragma omp parallel

{

MPI_Send( ... );

#pragma omp parallel

{

#pragma omp parallel

{

#pragma omp master
MPI_Send( ... );

-

#pragma omp parallel

{

MPI_Send( ... )

Master only &L TLND AY
parallel&iZEAL < TLIY

ARYIZTTILFALYKR
= 1% 1 BELH
TEHLY
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TILFAL Y FMPIQO#IEAE

- MPI_Init()d £ Y 1=, MPI_Init_thread() % {5

. C=:=E-
e [ w0 [ )

int provided;
MPI Init thread(&argc,&argv,MPI THREAD FUNNELED,
&provided);

- Fortran

integer provided, required

required=MPI_THREAD FUNNELED

call MPI Init thread(required, provided, ierr)




2019/2/13 AEE R KNLEE

JILFA LY EMPIOE&EIE (IMPI
2019.1LIf&)

- RILFALY RMPID S b5, HFEDFEWAIZE > TERERL
SNTLD
&K/ —FEBITEICALY RIDBITEITHBIET 955

- export |_ MPl_ THREAD SPLIT=1
- export | MPI_ THREAD RUNTIME=openmp

o e ——
s 6/ e e N e ™
< (O
>/\< =
N C}\/ ) \,g> Y
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BIEERHBEOA—1F 9T o7
EIECE 2 J ROEDOE LR E
« “dynamic/runtime” WDT, BRAYT
e M1 ~ | 174 Ua— ') \/7\75\\5@] <
!Somp master~!$Somp end master LEZ SN

!Somp parallel private (neib,j, k,i,X1,X2,X3,WVAL]l,WVAL2,6WVAL3)

!Sompé& private (istart,inum,ii,ierr)
!Somp master Communication is done by the master thread (#0)
1C

!C- Send & Recv.

(...)
call MPI WAITALL (2*NEIBPETOT, reql, stal, ierr)
!Somp end master

IC The master thread can join computing of internal
!C-- Pure Inner Nodes nodes after the completion of communication

t3omp do J?gh‘f‘?ué‘iam(lruntime) export OMP SCHEDULE="dynamic, [chunksize]"

(..)

' enddo
ig—— Boundary Nodes Computing for boundary nodes are by all threads
'Somp do default: !'$Somp do schedule (static)

do j= Ninn+l, N

-

!Somp end parallel

Idomura, Y. et al., Communication-overlap techniques for improved strong scaling of gyrokinetic Eulerian code
beyond 100k cores on the K-computer, Int. J. HPC Appl. 28, 73-86, 2014
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Speedup by communication overlapping
(OFP: 32 nodes)

- Memory model: C: Cache, F: Flat * (m) : core binding to avoid “busy”
« Sub NUMA: Q: Quadrant, N4: SNC-4 core

EC+Q ®mF+Q ®wC+N4 =mF+N4 mC+Q(m) mF+Q(m) mC+N4(m) mF+N4(m)

16%
14%
12%
10%

8%

20, Overlap

-4%
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EETEREREL

- MPIB{E THSEH Z. 2M/NA MNIZT7 54 2T %

FortranCl&. (% : FortranTI(&/N— 3 2 2018H 5 K H AT

L,

ﬁb)

IDIR$ ATTRIBUTES ALIGN : 2097152 :: arrayMPI
real(8),allocatable :: arrayMPI(:,:,:,:)

CTlE, (AR ZDN—2 3 UKFR L)
arrayMPI = (double *) mm malloc(array size,
2*1024%1024);



2019/2/13 AEE R KNLEE

IN—RX k7N 7 7 (DDN: Infinite Memory
Engine)
. SSDIEF D H— /N H254, 50/ — K
- = 1960 TB, HimE— '7’|_&L £ 1.5TB/sec
- |O500 CTop D4 EE
cOSATURNTRYTAEFHELTEEAD

- erasure coding

cLustre 77 A IV RTLDF vy a2 b LTHLEME
- /Jcache T v wvoa~D77 R ((H&E/—RDOH)

CRT—CUIARE (RT—SA Y, AT—STF Y MREE)
#PJM -x STGIN_LIST=<—EZ )X NLET 71 ILH>
#PJM -x STGOUT LIST=<—&% )X rLET7A1ILE>

c RT—IAVEFLERENEE

- prestage-wait A< > R
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IMEDELYA

1. POSIX: 2. MPI 10:
/work/gt00/t002 a. MPIl%Intel MPIA 5
XX DRHY I MVAPICH2I=§] Y # %
/cache/gt00/t00 module switch impi mvapich2
2XX EfE S
ntel MPIE L Ly O 7 7 (/RIS Imedl 238
BalcoRH ! | MPI_File_open(MPI_COMM _

WORLD,”ime:///work/gt00/t002xx...”,
)
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IME D14 RE

- NAS Parallel benchmark, BT-IO ? 5l
- class=C,647 0+t X (16./ — K x 4)
. Lustre TOSimplelZEEBRNIZKRTHET
- class=D, 256 70+ X (16 / — Kx16)
- Lustre TDOSimple[EFERNIZKR THE I, IMETDSimpleld T 5 —

90000
80000
mclass=C
70000 mclass=D
60000
o
2 50000
&
8— 40000
=
30000
20000
10000
0
Lustre IME (POSIX) Lustre IME (POSIX) IME

Simple Full
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McKernel

A Z——aF7FatyHmEITo0S
http://www.pccluster.org/ja/mckernel/index.html
- BEHL—2I

« Linux 100%E#2 : LinuxTEMMET 2 70V T AIZBIAV/NMIILARE
TMcKernel T ¥ B/E

- OSICk22—H57T075 L~DEEL(OS Jitter)£ O
[FRXMRJ AN VIZHEHFTE
-OFPTIX, THQ<KHHAAEIZESFE
- OFPTO&EIEA A — ¢ 437 Linux(OSH—E X)
+ 6437 McKernel (—H%—771))

McKernel

Linux .
KN - Remmacs @ KN
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JERIRALIRD FR1E (IMP1 2019.1 LARE)

- MPI 3. XD ERIEAEEEE. MPI 1. XD 1% 113815
« MPI_Ixxx() ®#Z: MPI_lsend, MPI_Irecv, MPI_Ibcast, ...
- BE FMPI Wait)#HERETHRZNEBR AL

« TNFETIE, &BF TMPI_Test¥>MP|_Probe &M A TEINE 5 L H 74
mo 7=

cEWNTWA A7 2B F->TCHREVNEZEDH B Z & MNA[EEIC
TR T

module switch intel intel/2019.1.144
source /work/opt/local/cores/intel/impi/2019.1.144/intel64/bin/mpivars.sh release_mt
# ED2171Xa /SAILEIZE L E

export | MPI_ ASYNC PROGRESS=on
export | MPI_ASYNC PROGRESS PIN=0,1,68,69,136,137,204,205

# /—FATEHTHITOLRBH)HE(ZZTIE8T7OER)
mpiexec.hydra -n ${PJM_MPI|_PROC} ./Ja.out # L DH8EY
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ST ILTTFPAI

C =iBhx - FortranQ0fREBE 7 7 1 JL
Samples-knl.tar.gz

tarCREFAR, KT TN ELEBIZC
Fortran90=:E M

TA4L M)DELND
-C/ :CEER
-F/ :Fortran90= & F

- FEEDODTFAILABNTH RIS

/work/gt00/z30105 (/homeTi LD TEE)

= :zh
==




2019/2/13 AEE R KNLEE

A5 LZFaAnNA4ILLED(1/2)

1.

1.

cd XV REEFTLTC Lustre7 7AILY R T ALIZKRENT 5

$ cd /work/gtoo/tee2xx

/work/gt00/z30105 (& % Samples-knl.tar.gz %
B2DT4 LY M)ICOE—F 5
$ cp /work/gteo/z30105/Samples-knl.tar.gz

Samples-knl.tar.gz = B3 %
$ tar xvfz Samples-knl.tar.gz

Samples 7 A IILAIZA D
$ cd Samples-knl

CE&Z % cddcC
Fortran90Z3& : $ cd F
TTVEZDTHILAZIZAD

$ cd stream

./
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A5 LZFaAnN14IL L&D (2/2)

6. make 9%
$ make

7. 277 7 A I)L(stream)MTETWLNBH &
Eﬁﬁﬂlb\jé
$ 1s
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TS LERTLES

1.

2.

stream 7 A )L X TLURNEETT S
$ pjsub stream.bash

BODEASIN=V 3 TEHERT D
$ pjstat

EANERTITBE, UTOT7AILNERSI NS
stream.bash.e X XXXXX
stream.bash.oXXXXXX  (XXXXXXIEZE =)

TERDEER DT 7AILOREZRTHD
$ cat stream.bash.oXXXXXX

ITZ7—HAFUTOITI7ANICHDEZDTREZDI=H

=X
At

$ cat stream.bash.eXXXXXX






