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large wind plants as part Peloton aerodynamics interactions -
DOE's Exascale Computing Project (ECP) ,
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1 Top500 list(June 2019, https://www.top500.0rg/list/2019/06/)

Rank Site System Cores Rmax (TFlop/s) [Rpeak (TFlop/s)|OpenFOAM
. . Summit - IBM Power System AC922, IBM POWER9 22C 3.07GHz, NVIDIA Vo
Bgfg (Sjcs/g?:sR'dqe National Laboratory |- \100, Dual-rail Mellanox EDR Infiniband 2,414,592 148,600.0 200,794.9

IBM
DOE/NNSA/LLNL Sierra - IBM Power System S922LC, IBM POWER9 22C 3.1GHz, NVIDIA Volta
2 DOE/NNSA/LLNL GV100, Dual-rail Mellanox EDR Infiniband 1,572,480 94,640.0 125,712.0

United States IBM / NVIDIA / Mellanox

National Supercomputing Center in Sunway Taihulight - Sunway MPP, Sunway SW26010 260C 1.45GHz, Sunw

3 |Wuxi ay 10,649,600 93,014.6 125,435.9 (0]
China NRCPC
National Super Computer Center in Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz, TH Expr
4 |Guangzhou ess-2, Matrix-2000 4,981,760 61,4445 100,678.7 (6]
China NUDT
Texas Advanced Computing Center/ Frontera - Dell C6420, Xeon Platinum 8280 28C 2.7GHz, Mellanox InfiniBan
5 |Univ. of Texas d HDR 448,448 23,5164 38,745.9 (0]
United States Dell EMC
Swiss National Supercomputing Centre |Piz Daint - Cray XC50, Xeon E5-2690v3 12C 2.6GHz, Aries interconnect , NV
6 |(CSCS) IDIA Tesla P100 387,872 21,230.0 27,154.3
Switzerland Cray Inc.
Trinity - Cray XC40, Xeon E5-2698v3 16C 2.3GHz, Intel Xeon Phi 7250 68C
7 [DOE/NNSA/LANL/SNL 1.4GHz, Aries interconnect 979,072 20,1587 41,4612
United States
Cray Inc.
national institute of Advancec. Al Bridging Cloud Infrastructure (ABCI) - PRIMERGY CX2570 M4, Xeon Go
8 P Id 6148 20C 2.4GHz, NVIDIA Tesla V100 SXM2, Infiniband EDR 391,680 19,880.0 32,576.6
(AIST) Ui
) ujitsu
apan
Leibniz Rechenzentrum SuperMUC-NG - ThinkSystem SD650, Xeon Platinum 8174 24C 3.1GHz, Inte
9 | Omni-Path 305,856 19,476.6 26,873.9 (0]
Germany L
€novo
DOE/NNSA/LLNL Lassen - IBM Power System S922LC, IBM POWER9 22C 3.1GHz, Dual-rail M
10 DOE/NNSA/LLNL ellanox EDR Infiniband, NVIDIA Tesla V100 288,288 18,200.0 23,047.2

United States IBM / NVIDIA / Mellanox

Nurion - Cray CS500, Intel Xeon Phi 7250 68C 1.4GHz, Intel Omni-Path
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https://www.top500.org/site/48553
https://www.top500.org/system/179397
https://www.top500.org/site/49763
https://www.top500.org/system/179398
https://www.top500.org/site/50623
https://www.top500.org/site/50623
https://www.top500.org/system/178764
https://www.top500.org/site/50365
https://www.top500.org/site/50365
https://www.top500.org/system/177999
https://www.top500.org/site/48958
https://www.top500.org/site/48958
https://www.top500.org/system/179607
https://www.top500.org/site/50422
https://www.top500.org/system/177824
https://www.top500.org/site/50334
https://www.top500.org/system/178610
https://www.top500.org/site/50762
https://www.top500.org/site/50762
https://www.top500.org/site/50762
https://www.top500.org/system/179393
https://www.top500.org/site/48248
https://www.top500.org/system/179566
https://www.top500.org/site/49763
https://www.top500.org/system/179567
https://www.top500.org/site/50770
https://www.top500.org/site/50770
https://www.top500.org/system/179421
https://www.top500.org/list/2019/06/

LES for Wind Tunnel Test of Tokyo city
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(Reference: Pham Van PHUC, etc, Large Scale Transient CFD Simulations for Buildings using OpenFOAM on a World's
Top-class Supercomputer, The 4th Annual OpenFOAM User Conference 2016)
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Geometry interfaces: 1AEU/h
(Autodesk, CATIA V5, Creo Parametric)

ECAD Translators & Optimization: 2AEU/h
Pre/Post & HPC Pack: 4AEU/h

Solver: 8AEU/h

Z 2 704 Ded: 38,0008 ~4,000& /AEU
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Name
Amazon EC2 [™"**
mb5_12xlarge

mb5_24xlarge

ch.dxlarge

ch.9xlarge

c5.18xlarge

VCPU

40

48

16

36

72

ECU Memory § Per Hour Type

125 160 GB £2.000 General Purpose
173 192 GB £2.304 General Purpose
345 384 GB 54608 General Purpose
638 32GB 50.680 Compute Optimised
141 72 GB £1.530 Compute Optimised
281 144 GB £3.060 Compute Optimised

L C AP AIZHA) | AIZHE O] E(Q)/
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KNL 6,400 E A|Zt 1562
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1 5t supercomputer of KISTI: Cray CS500

- Total 8,437 nodes, Rpeak 25.7Pflops | KNL: 8,305 nodes: (3.0464Tflps*8305=25.3Pflops)
- Service start of October 2018 SKL: 132 nodes: (3.072Tflps*132=405.5Tflops=0.4Pflops)
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Number of cores 68
SIMD width (doubles) 8*2
Multiply/add in 1 cycle 2
Clock speed|(Gceycle/s) 1.4

DP Gflop/s/core 44.8
DP Gflops/s/processor 3,046
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1 KNL compute node - Cray 3112-AA000T
- 1 x Intel Xeon Phi KNL 7,250 processor(68 cores per processor)
- 96GB(6*16GB) DDR-2400 RAM
- 1x Single-port 100Gbps OPA HFI card
- 1x On-board GigE(RJ45) port

DOR4 Memory

PCle Gen3 x16
-
*
~
<
k] PCle Gen3 x4
g PClo Gen3 x16

DOR4 Memory

Riser 1

Riser 2

1U Riser Slot:
x16 Conn inboard

1U Riser Slot:

x16, x16 connector inboard
x4, x8 connector inboard
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1y

s SKL compute node - Cray 3111-BA000OT
= 2 X Intel Xeon SKL 6148 processors
= 192GB (12x 16GB) DDR4-2666 RAM
= 1x Single-port 100Gbps OPA HFI card
= 1x On-board GigE(RJ45) port

I 7

Number of cores 20
SIMD width (doubles) 8*2
Multiply/add in 1 cycle 2
Clock speed|(Gceycle/s) 2.4

DP Gflop/s/core 76.8
DP Gflops/s/processor 1,536
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IKISTI wIHEARE S218 &% FE|2 24 70
https://blog.ksc.re.kr/140

AH8A} X1 H A /2] 2(NURION)
FE2[2 OpenFOAM A XL X[ & A

HHEAMOITH | 2019.05.2815:17

=

& 2AE F2l2 A A=A OpenFOAM AZEQ0] ALEE 9o 7|2=Hel HEE 35t ST

2t M, OpenFOAM 2Z EQ0] Ar2H ¥ F2[2/2|52 A2 S2 ZH0 UA ¥sUCh

Fel2/2ls2 AFgHE it @R e 2o A3 SHO|X| (http:/helpdesk kscre k)@l Atz H LHO| 2|2 ALEAL R HM S2 H
SHA|7| BREFLIC

OpenFOAM A2 ¥ i3t HE = OpenFOAM AO|E(https://www.openfoam.com, https://openfoam.org, http://openfoamwiki.net)
£ H05kA| 7| digh ok

1. 2T Ego] ©X "y
(1) 2% HH
- 4.1(KNL, SKL), 5.0(KNL, SKL)

(2 2X 2K

Version CPU & 2N 3= H| 1
KMNL /apps/applications/OpenFOAM/4.1/intel/17.0.5/impi/17.0.5/mic-knl/OpenFOAM
! SKL Japps/applications/OpenFOAM/4.1/intel/17.0.5/impi/17.0.5/x86-skylake/OpenFOAM
o KMNL /apps/applications/OpenFOAM/5.0/intel/18.0.3/impi/18.0.3/mic-knl/OpenFOAM

SKL Japps/applications/OpenFOAM/5.0/intel/18.0.3/impi/18.0.3/x86-skylake/OpenFOAM

- - ST' Korea Institute of
1 4 Ki I Science and Technology Information



i Intel KNL architecture processor as NURION major node

Large scale integrated processor of Xeon Phi
High-bandwidth memory (2 times vector units bigger than original memory)

No PCle Bottleneck ‘

mXeon = XeonPhi

1993
1488
964
l 697
1 2

Number of nodes

[ Raise Memory Ceiling

[Structure of Intel Xeon Phi KNL]

1 OpenFOAM v5.x installation and execution
Optimal compiler option for to KNL installation
Execution option usage by matrix solver

with intel optimized smootherKNL or P, o

libhbm library for flat memory mode oy, N :
- OpenMPI vs. IntelMPI '

s |
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I Fine mesh example of windAroundBuildings

mesh: #32,738,734
solver: simpleFoam

stead-state incompressible flow analysis

100

P
-12e+02 50 0 50
—— s——

150 2.0e+02
o

libhbm library environment:

.
kg

L)
! L 3

HBM_SIZE 60, HBM_THRESHOLD 16
MPI_BUFFER_SIZE 1000000

#node  #core ClockTime(s)
1 64 25,686
2 32 20,202
4 16 11,806
8 8 11,113
16 4 11,061
16 16 3,449
L1 o



1 OpenFOAM v5.x based GUI tool

Recommendation of CentOS v7 or UBUNTU v18.04 OS

Limited to Incompressible flow/thermal analysis

Inclusion of CFMesh for meshing in KISTIFoam

(But, KISTIFoam-snappy is served separately for snappyHexMesh)
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KISTIFoam v5 : OpenFOAM v5 based flow solver
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768 3,072 12,288
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