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High Performance Computing(HPC)
SRR RS REEN

5 IR T E BT RO IS R A
AN - MUAARIER -

» 5T 2 HEJ1(PFlop/s)
> R E ()
> BEIRBDB FE(KW)

R BEFEPRIAEE

e Energy Efficiency: GFlops/W
e PUE(Power Usage Effectiveness) = (Total Usage) / (IT Usage)

BMRA - LUES




¥ ZEE (Symmetric multiprocessing) : EfsAZEEEsmHE AT EE - 6140 : 2 way, 4 way, 8
way

7S EXTVEE (Distributed computing) : U AR FARE NGB B A KA G EFEIEN R EBHE - Wik
RPN ITRLUERER BEMERN AL -
KRB ITESE (Massively paraIIeI computing) : EHZEMEE:S - BEFEMHzs KRR ENETE
(node) AN TETE 24 ; MBS EREAR - KRBT TEEEBELINIESNEE  RAE
HWZFREZ{E=ER (process) - bﬁ ?EEQﬂE%”b’U@IE%%J: BREEZEFEECHUNMIZER - EF 2E
PFMEBIENTE (MPI) ETHEER
F=EES (Cluster computing) : —#HEEBE—RTFNEN - ANEEEKBEITIE - EFZHETEM
O U ERERZA - BEREKAR @ ENEEESEEGHMERESNITHEETE - BEEEEHIFBE
2z -
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E1TETERI D ER - Multi-core computing
AMD EPYC™ 7742

(s

Specifications # of CPU Cores: 64 # of Threads: 128 Base Clock: 2.25GHz
Max Boost Clock ©: Up to 3.4GHz Total L3 Cache: 256MB Package: SP3
Socket Count: 1P/2P PCI Express® Version ©: PCle 4.0 Default TDP / TDP ©: 225W
x128
Performance / ln!el" P:‘}%ﬁﬂﬂ\\ .ln e‘.;sx“,?roc’e ors / Intel® Xeon® Scalable Processors / Intel® Xeon® Platinum Processors
Intel®/Xeon® Platinum 8380HL Processor

# of Cores @ 28 # of Threads € 56 . / (38.5M Cache, 2.90 GHz)
Processor Base Frequency @ 2.90 GHz Max Turbo Frequency @ 4.30 GHz
Cache © 38.5 MB # of UPI Links € 6
TDP © 250 W

B R 2835 : https://www.amd.com/en/products/cpu/amd-epyc-7742
https://www.intel.com/content/www/us/en/products/processors/xeon/scalable/platinum-processors/platinum-8380hl.html



https://www.amd.com/en/products/cpu/amd-epyc-7742
https://www.intel.com/content/www/us/en/products/processors/xeon/scalable/platinum-processors/platinum-8380hl.html
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o ZIZIVEEETE (Multi-core computing) : —EE IRz N B Z{EEIEE T (processing units) 3 FE /0
(core)
o [EIFZ#H1T4E (Simultaneous multithreading) X B #1748 (hyper-threading) -

o PHIFNEE (Distributed computing) : IR AEH BV EISNE B AR B EZEENSHEENE - Wi
REMNTALIZERERBEME RN AR -

o RREITEHE (Massively paraIIeI computing) : EHZEMEE:S - BEFEMHzs KRR ENETE
(node) BB ITEI E 24 ; SiEBLUERAEE - ARBWTEEZBEINIZIESKEE  BaTE
HIZFBEZETERF (process) - bﬁ %’EEQﬂE%’ZFEIE%%J: BREEFEBCHINMIIZTR - EF 2E
PIFAEEENHE (MPI) EiTHHEEE

o FHEIEE (Cluster computing) : —fHEBEE RTINS - BRSLEEMIBE LTI - EFZ T HTH
oI EBEREZR - BEREKAR  ENEEEEEEHMRESHNITHERETE - BEEEEHIFI5E
2z



SYS-7089P-TR4T

)]

1 Node 8 CPUs

o=

Sha  SAS

4x 10G Optional

Learn more

X11

1

96 DIMMs 16 Drives

SATA &
Native Redundant
(JAdd to compare

/ “

ultiprocessing

SYS-2049U-TR4

]

1 Node 4 CPUs

T T L. £ S
4x 1G Optional
5
Learn more

X11

i

48 DIMMs 24 Drives

SAS  SATA

Optional Native

(JAdd to compare

SYS-2049P-TN8R X11
= L
1 Node 4 CPUs 48 DIMMs 10 Drives

sta  mvge, SATA O

1x 1G Native Native Redundant

Learn more (JAdd to compare

B /KR : https://www.supermicro.com/en/products/MP/



https://www.supermicro.com/en/products/MP/
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o ZIZLEIEETE (Multi-core computing) : —E/EE2RABZEEIEE T (processing units) 35 #EZ /0
(core)
o [EIFZ#H1T4E (Simultaneous multithreading) X B #1748 (hyper-threading) -

o HMWZEEIE (Symmetric multiprocessing) : BB ZEEEzmHERAFELEEE - AU : 2 way, 4 way, 8
way

o RREITEHE (Massively paraIIeI computing) : EHZEMEE:S - BEFEMHzs KRR ENETE
(node) BB ITEI E 24 ; SiEBLUERAEE - ARBWTEEZBEINIZIESKEE  BaTE
HIZFBEZETERF (process) - bﬁ %’EEQﬂE%’ZFEIE%%J: BREEFEBCHINMIIZTR - EF 2E
PIFAEEENHE (MPI) EiTHHEEE

o FHEIEE (Cluster computing) : —fHEBEE RTINS - BRSLEEMIBE LTI - EFZ T HTH
oI EBEREZR - BEREKAR  ENEEEEEEHMRESHNITHERETE - BEEEEHIFI5E
2z
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‘FITETER 8 - Distributed computing

o HEKAMIANMBETEFS (525 : Berkeley Open

Infrastructure for Network Computlng F'Eﬁ“mBOINC)E Al
ERNDHNETEFEZ—  HINMMNAKRERER D REINE
BEIONDEIVETE R
JRAESSETI@homeEEMEKET - BRIMARNBREBBEFEE -
BE . AVBNR%2E2% - BOINCEEERIKEZHMEFTRENE
IGEVITENRE - REEBENARMRE - B.22024F78 -
BOINCEEZ TR EX106,8805 /BN EH - 1244920.592
PFLOPSHIE & &

B |/ 2835 : https://boinc.berkeley.edu/, https://setiathome.berkeley.edu/



https://boinc.berkeley.edu/
https://setiathome.berkeley.edu/
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o ZIZLEIEETE (Multi-core computing) : —E/EE2RABZEEIEE T (processing units) 35 #EZ /0
(core)

o [EIFZ#H1T4E (Simultaneous multithreading) X B #1748 (hyper-threading) -

o HHZEEIE (Symmetric multiprocessing) : ENBZEEIEmELHERCIEEE - AU : 2 way, 4 way, 8
way

o PEITNES (Distributed computing) : U AR BEHEINE B AIRH B EENBEBHE - T3
REMNTALIZERERBEME RN AR -

o FHREIES (Cluster computing) : —fHEZEE—ETFIER - ARNEESEKHE LF - £5Fr2HEEM
O R B EE 4t - EARESENALR - BIRERERSESEESFRESANITHENES - REGESEGI S
e
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‘F1T5TE R %8 - Massively parallel computing

SUNWAY TAIHULIGHT - SUNWAY MPP, SUNWAY SW26010
- 260C 1.45GHZ, SUNWAY

Site: Mational Supercomputing Center in Wuxi

Manufacturer: NRCPC

Cores: 10,649,600

Processor: Sunway SW26010 260C 1.45GHz
Interconnect: Sunway

Installation Year: 2016

Performance

Linpack Performance (Rmax) 93.01 PFlop/s

Theoretical Peak [(Rpeak] 125 44 PFlop/s

Nmax 12,288,000

F 2& : http://en.people.cn/n3/2017/0619/c90000-9230404.html HPCG [TFlop/s] 480848



http://en.people.cn/n3/2017/0619/c90000-9230404.html
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o ZIZLEIEETE (Multi-core computing) : —E/EE2RABZEEIEE T (processing units) 35 #EZ /0
(core)
o [EIFZ#H1T4E (Simultaneous multithreading) X B #1748 (hyper-threading) -

o HHZEEIE (Symmetric multiprocessing) : ENBZEEIEmELHERCIEEE - AU : 2 way, 4 way, 8
way

o HEXTVER (Distributed computing) : IR AEM BRI BB B A B B EREIREN S EBHE - WiH
B MNTRUEREEBEME M ZRA -

o RREITEHE (Massively paraIIeI computing) : EHZEMEE:S - BEFEMHzs KRR ENETE
(node) AR TETHE 24 ; BNREREILISEAE - ARBETTEERBELHNZESKEE  BAE
HiZFEBZERF (process) - bﬁ ?EEQﬂE%’U@IE%%J: BEEFEECHIUMNMIIIZER - EFZE
PEREEBETE (MPI) ETHEER




B R 2R ; https://www.olcf.ornl.gov/olcf-resources/compute-systems/summit/

e

SUMMIT - IBM POWER SYSTEM AC922, IBM POWER? 22C
3.07GHZ, NVIDIA VOLTA GV100, DUAL-RAIL MELLANOX

EDR INFINIBAND

Site:

System URL:

Manufacturer:

Cores:

Processor:

Interconnect:

Installation Year:

Performance

Linpack Performance (Rmax)

Theoretical Peak [Rpeak]

Nmax

HPCG [TFlop/s]

DOE/S ak Ridge ior aborator
http://www.o rnl.g ci-resource
BM

2,414,592

BM POWER? 22C 3.07GHz

Dual-rail Mellanox EDR Infiniband

2018

148.60 PFlap/s

200.79 PFlop/s

16,473,600

2,925.75

EITETER 7288 - Cluster computing

pute-systems/summit


https://www.olcf.ornl.gov/olcf-resources/compute-systems/summit/
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HPC 7R

o ERBAREX - 2AITIH M IR :
e GPU (Graphics Processing Unit) : OpenCL, CUDA, OpenACC
e Cloud Services :
> Cloud App : Google App Engine, AWS Lambda, Azure App Service

» Cloud Container: Google Kubernetes Engine, Amazon EKS, Azure Kubernetes
Service

» Cloud Compute : Google Compute Engine, Amazon EC2, Azure Virtual
Machine
e HPC Mol £ 812RE ? LA HPL benchmark 2= - HIZREE{I A FLOPS (floating-point
operations per second)
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HPC 7%E - Supercomputer

o EFERIZEBFIERZE (Oak Ridge) Y Frontier )
£ TOP 500 BRIHIE— -

OAK RIDG
(https://www.top500.0rg/system/180047/) - AMD EPYC 64C atifjna aﬂ?*“’g
o BARRIEBCEER (RIKEN) BE+E (Fujitsy)  IROLGEY ' I"“I*W_)T*Tﬁﬁ‘

ﬂ/\T’EﬂLE’\J Fugaku (2&) T TOP 500 B Al |
HHTSEIN - B 2020 % 6 5 % 2022 £ 5 B

& - BT — -
(https://www.top500.0rg/system/179807/) - ARM A64FX

e Top 500
o tH5RA] 500 & HPC MBcHFE
o https://www.top500.org/
e Green 500
o HFRFIS00BHPCHETBEHER
o https://www.top500.org/green500/

B/ 2 : https://www.olcf.ornl.gov/frontier/, https://www.fujitsu.com/global/about/innovation/fugaku/



https://www.top500.org/system/180047/
https://www.top500.org/system/179807/
https://www.top500.org/
https://www.top500.org/green500/
https://www.olcf.ornl.gov/frontier/
https://www.fujitsu.com/global/about/innovation/fugaku/
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Top5 (JUNE 2024)

Rank

38

System

Frontier - HPE Cray EX235a, AMD Optimized 3rd
Generation EPYC 64C 2GHz, AMD Instinct MI250X,
Slingshot-11, HPE

DOE/SC/0Oak Ridge National Laboratory

United States

Aurora - HPE Cray EX - Intel Exascale Compute Blade,
Xeon CPU Max 9470 52C 2.4GHz, Intel Data Center GPU
Max, Slingshot-11, Intel

DOE/SC/Argonne National Laboratory

United States

Eagle - Microsoft NDv5, Xeon Platinum 8480C 48C 2GHz,
NVIDIA H100, NVIDIA Infiniband NDR, Microsoft Azure
Microsoft Azure

United States

Supercomputer Fugaku - Supercomputer Fugaku, A64FX
48C 2.2GHz, Tofu interconnect D, Fujitsu

RIKEN Center for Computational Science

Japan

LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE
EuroHPC/CSC

Finland

TAIPEI-1 - NVIDIA DGX H100, Xeon Platinum 8480C 54C
2GHz, NVIDIA H100, NVIDIA Infiniband NDR, Nvidia
NVIDIA Corporation

Taiwan

Cores

8,699,904

9,264,128

2,073,600

7,630,848

2,752,704

40,960

Rmax
(PFlop/s)

1,206.00

1,012.00

561.20

442.01

379.70

22.30

https://www.top500.org/lists/top500/2024/06/

Rpeak
(PFlop/s)

1,714.81

1,980.01

846.84

537.21

531.51

Power

(kW]

22,786

38,698

29,899

7,107



https://www.top500.org/lists/top500/2024/06/

Green 500 — Top5 (JUNE 2024)

Energy
Efficiency

[GFlops/watts]

Rank

TOP500
Rank

189

128

55

328

71

System

JEDI - BullSequana XH3000, Grace
Hopper Superchip 72C 3GHz, NVIDIA
GHZ00 Superchip, Quad-Rail NVIDIA
InfiniBand NDR200, ParTec/EVIDEN
EuroHPC/FZJ

Germany

Isambard-Al phase 1 - HPE Cray EX254n,
NVIDIA Grace 72C 3.1GHz, NVIDIA GH200
Superchip, Slingshaot-11, HPE

University of Bristol

United Kingdom

Helios GPU - HPE Cray EX254n, NVIDIA
Grace 72C 3.1GHz, NVIDIA GH200
Superchip, Slingshot-11, HPE

Cyfronet

Poland

Henri - ThinkSystem SRé670 V2, Intel
Xeon Platinum 8362 32C 2.8GHz, NVIDIA
H100 80GB PCle, Infiniband HOR, Lenovo
Flatiron Institute

United States

preAlps - HPE Cray EX254n, NVIDIA
Grace 72C 3.1GHz, NVIDIA GH200
Superchip, Slingshot-11, HPE

Swiss Mational Supercomputing Centre
cscs]

Switzerland

Cores

19,584

34,272

89,760

8,288

81,600

Rmax
[PFlop/s)

4.50

7.42

19.14

2.88

15.47

https://www.top500.org/lists/green500/2024/06/

Power
(kW)

67

17

317

240

72.733

68.835

66.948

65.396

64.381



https://www.top500.org/lists/green500/2023/06/
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Vendors System Share

=532 IS

- ~

]

@ Lznovo

@& HPE
EVIDEN

@ DELL EMC

@ Inspur

@ Nvidia

@ NEC

@ Fujitsu

@ MEGWARE

@ Penguin Computing, Inc.

@ Others

Countries System Share

ERIET 2024526 H {17 Top500%11%% » & 1 2K Ry TopS004 145

@ United States

@ China
Germany

@® Japan

@ France

@ United Kingdom

@ South Korea

® ltaly

@ Canada

@ Netherlands

@ Others
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Accelerator/Co-Processor System Share Interconnect System Share

@ NVIDIA Tesla V100
@ NVIDIA AT00

MVIDIA AT00 SXM4 40 GB
@ NVIDIA A100 SXM4 B0 GB
@ NVIDIA Tesla A100 BOG
@ AMD Instinct MI250X
@ NVIDIA Tesla V100 S¥KM2
@ NVIDIA Tesla A100 406G
@ NVIDIA GH200 Superchip

@ 100G Ethernet
@ Infiniband HOR
256G Ethernet
@ Slingshot-11
@ Mellanox HOR Infiniband
@ Intel Omni-Path
@ Infiniband EDR
@ 10G Ethernet
@ InfiniBand HDR100

@ NVIDIA H100 @ Aries interconnect
@ Others @ Others
Top500 : Topl0 :
ﬁ?JDL”” ; 38% BEzR : 60%
EINR 62% mNRzs : 40%

Bl et E (202446 H {7 Top500%1155 » [B F 2 H K Top5004E 15
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Cores per Socket System Share

Processor Generation System Share

@ Xeon Gold 62xx [Cascade @ &
Lake) ® 2
@ AMD Zen-3 [Milan) 17
AMD Zen-2 [Rome)
@ Xeon Gold [Skylake) @
@ Xeon Platinum 83xx [lce Lake) ® i8
@ Xeon Platinum 82xx [Cascad... ® 18
@ Xeon Platinum [Sapphire Ra... [ Il
@ Intel Xeon ES [Broadwell) ® =
@ AMD Zen-4 [Genoa)
@ Xeon Platinum [Skylake] ® 5
@ Others @
@ Others
2018465 20226E65 202365 20244E65

Intel CPUIS4BEEHI 95% Intel CPUIHAREEHI 87.9%  Intel CPUMLAREEAI 72%  Intel CPUAS48EEMI 54.2%
AMD CPU1H#REEHI O AMD CPUTLH#BEEAI 18.6% AMD CPUfLAREEHI 24.2% AMD CPUAL48EEMH 31.2%

EORIETEfc20244:6 [ {5 TopS00% 1% » [ A5 B TopS004dirk
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0 ting System System Sh
peraling System System Share Operating system Family System Share

@ Linux
@ Cent0s
HPE Cray 05
@ Cray Linux Environment
@ Red Hat Enterprise Linux
@ Ubuntu 20.04.1 LTS
@ bullx 5C5
@ Linux/TOSS
@ SLES15 5P2
@ RHEL7.7
@ Others

@ Linux

ERIET 2024526 H {17 Top500%11%% » & 1 2K Ry TopS004 145
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Application Area System Share

=

@ Research

@ Cloud Services
Benchmarking

@ T Services

@ Weather and Climate
Research

@ Biology
@ Software
@ Chemistry
@ Energy
@ CFD

@ Oihers

L= = = - ¥ IR I T S

—_ =
—y

12
13
14
15
16
17
18
19

Application Area
Research
Cloud Services
Benchmarking
IT Services
Weather and Climate Research
Biology
Software
Chemistry
Energy
CFD
Aerospace
Biochemistry
Economics
Finance
Medicine
Mot Specified
Environment
Information Service

Geophysics

ERIET 2024526 H (77 Top5005115% » &l /5 A Ry TopS004E 15

Count
22

MR R NN W W B D

System Share (%)
4.4
1.2
0.8
0.6
0.6
0.4
0.4
0.4
0.4
0.4
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Rmax (GFlops)
828,683,774
681,460,000

75,276,960
50,360,000
23,497,260
13,591,000
34,340,000
13,591,000
14,649,000
13,591,000
5,851,550
4,504,000
9,087,000
9,087,000
9,087,000
79,230,000
4,504,000
63,460,000
9,087,000

Rpeak (GFlops)
1,128,267,179
1,021,717,542

93,805,001
70,080,480
38,398,266
24 475,970
49,444,360
24,475,970
22,613,060
24 475,970
7,107,149
5,131,780
19,344,190
19,344,190
19,344,190
112,997,790
5,131,780
79,215,000
19,344,190

Cores
16,661,168
3,093,408
716,896
459,296
420,032
116,352
324,384
116,352
161,664
116,352
241,108
19,584
96,768
96,768
96,768
888,832
19,584
555,520
96,768
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Architecture System Share

@ Cluster
® MPP

ERIET 2024526 H {17 Top500%11%% » & 1 2K Ry TopS004 145
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HPC 7R

o EIREARTFEXK - 2RIl NI

e Supercomputer(Computer Cluster - Massively Parallel Processor)

e Cloud Services :
> Cloud App : Google App Engine, AWS Lambda, Azure App Service

» Cloud Container: Google Kubernetes Engine, Amazon EKS, Azure Kubernetes
Service

» Cloud Compute : Google Compute Engine, Amazon EC2, Azure Virtual
Machine
e HPC Mol £ 812RE ? LA HPL benchmark 2= - HIZREE{I A FLOPS (floating-point
operations per second)



e

HPC Nz - GPU

o HpIEZEFK CUDAZMLEISEL84321% - iolEfe ol 5z
188 GB #8& 0]7E 7.8 TB/sec + E/JFP32 134 TFLOPs

FP64 68 TFLOPs

e FH OpenCL - CUDA - OpenACC #1T/Ni&

77 a
OpenCL

<A NVIDIA.

CUDA.

Maore Science, Less Programming

NVIDIA DGX %4t

MEXXACT

Exxact Tensor T54-
145696608-DPA Server

4U HPC & deep learning server with AMD
EPYC™ 7002 Series processors and up to
10x Radeon Instinct™ MIS0 accelerators

B /2R : https://opencl.org/, https://en.wikipedia.org/wiki/CUDA, https://www.openacc.org/, https://www.nvidia.com/en-us/data-

center/dgx-systems/, https://www.amd.com/en/graphics/servers-radeon-instinct-mi-powered-servers

IGABYTE"
A W s

B 1

Gigabyte G482-Z50 Server

4U HPC & deep learning server with AMD
EPYC™ 7002 Series processors and up to
10x Radeon Instinct™ MI50 accelerators


https://opencl.org/
https://en.wikipedia.org/wiki/CUDA
https://www.openacc.org/
https://www.nvidia.com/en-us/data-center/dgx-systems/
https://www.amd.com/en/graphics/servers-radeon-instinct-mi-powered-servers
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HPC Nz - GPU

50 Years of Microprocessor Trend Data

GPU-Computing perf

T T T =] 1.5X per year
7 At a
1001 # A% MTransistors
108 b :A:ﬁ - | (thousands)
105 F ) :i?‘: ! o @ Single-Thread
A Y i Performance ,
10% | apa 0ed}s | (SpecINT x 107)
o b i :{ :.‘G‘%Il*ﬂ.ﬂ ‘I.:-“-I Frequency (MHz)
[ ) v .
L 4 ’ﬂ_. * . 3v% Y| Typical Power
102 = A 3 . % .- v j‘vv’ 7L "' 'vg*. ‘:‘3 .x (WattS)
A .:l vy vy 0'* . N
1L - vw oYY ¥ - umber of
10 . R v MW B **| Logical Cores
“ - v v Yyv vy * *»
0L )4 % bduad _
0rge S0 B e : 1990 2000 2010
1970 1980 1990 2000 2010 2020

Year

QOriginal data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten

New plot and data collected for 2010-2021 by K. Rupp

40 Years of Microprocessor Trend Data

& /28R : https://qithub.com/karlrupp/microprocessor-trend-data . JENSEN HUANG, FOUNDER & CEO | GTC CHINA 2017



https://github.com/karlrupp/microprocessor-trend-data
http://images.nvidia.com/cn/gtc2017/Deck/JHH_GTCChina2017_FINAL_PRESENTED.pdf
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HPC 7R

o BIRAAETEK - 2 hITIH MIFZIUINER
e Supercomputer(Computer Cluster - Massively Parallel Processor)
e GPU (Graphics Processing Unit) : OpenCL, CUDA, OpenACC

>

e HPC Mol £ 812RE ? LA HPL benchmark 2= - HIZREE{I A FLOPS (floating-point
operations per second)
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HPC /0% - Cloud App AR7%
o AINIEINEREZR

* B0 T -

Sty =N =]

HEABTEA

DBLERLEHE

HE2eBEikea KEE
120 - RETUEEERERE -

A ®

Google App Engine

AWS Lambda Azure App Service



g —
HPC /0% - Cloud Container IR#%

o IRHIBEABHRANTRCEORSE - BAUEN - BEEERR
HIRESHE -  EREAEINANEZEETRREE  ERSHIEAERS
ENMEBNRENREHEEEAREL

Q =

Google Kubernetes AWS EKS Azure Kubernetes
Engine (GKE) Service (AKS)

I A
o

~.

ll




/ /
HPC J02& - Cloud Compute AR#5

-FET%ETA%””TE_J&%ﬁaﬁEDH—:L& n‘nﬂ/f\ JEMRLED - BIET RS
TEET L EMHER - BRENTEREEF -

© b C

Google Compute Amazon Elastic Azure Virtual
Engine (GCE) Compute Cloud Machine
(EC2)




HPC HYfEH
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HPC RYFE A

- KSR TR

CONTRAST 15km ARW—GFS init  NCAR/MMM Init: 12 UTC Tue 25 Feb 14

Fest: 72 h
Total precip. in past 3 h
Sed-—|evel pres re

Valid: 12 UTC Fri 28 Feb 14 (22 ChT Fri 28 Feb 14)

UNMTS=hPa LOW=~ 9B0.OD HIGH= 1022.0 WNTERVAL-  2.0000

1 .2

Model Info: V3.5.1  CU:
Lw:

Source:
https://www.mmm.ucar.edu/forecast_support

ZaH"

8 1.6 3.2 6.4 12.8 25.6 512 1024 2048 mm
MP: Thompson  PBL: YSU SF: Neah LSM 15 ki 39 levele 90 sec

RATMG  SW: RRTMG DIFF: simple KM: 3D Smagor DAMP: Rayleighl SFLAY: Rev MMS

Fig: WRF domain (15-km) configured for the forecasting
support of CONTRAST. 72-hr forecast of SLP (contour
interval= 2 mb) and 3-hourly precipitation (mm, shaded,
scale at bottom) shown (1200 UTC 25 Feb 2014
initialization). Purple boundary marks the Oakland flight

information region (FIR).


https://www.mmm.ucar.edu/forecast_support

R RIR:
http://www.hpcadvisorycouncil.com/pdf/LS-DYNA%20 analysis.pdf http://cihanfea.blogspot.tw/

Your Company Name Speed
Time: 9.07 seconds | - User

Chute Mavenitm) by Hustrusid Technologles Incorporated

B FE: B 1 S8

http://www.Istc.com/applications/new_multiphysics https://www.chutemaven.com/images/movie8.gif



http://www.hpcadvisorycouncil.com/pdf/LS-DYNA%20_analysis.pdf
http://cihanfea.blogspot.tw/
http://www.lstc.com/applications/new_multiphysics
https://www.chutemaven.com/images/movie8.gif
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2019/4/10

B K 3Ki|R : https://eventhorizontelescope.org/



https://eventhorizontelescope.org/
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® ZEIAXT

-2z EH (Edge Computing)
EE— 7T ESHIANE - FEHEET  EIEE N ARTELTE

B AR B B EAREIE [RB GEREE

INDUSTRIAL loT DATA PROCESSING LAYER STACK
CLOUD LAYER
:;::z;m Business Analytics/ Intelligence
Dato Werehousing

A s

FOG LAYER |
Local Netwark
=- cped
Control Response
Virtvolization/Standordization
EDGE LAYER r": ."‘\ r": ."'\ r": -"“ r":
Lorge Volume ReaHtime Data Processing
ok st Ean B B e B
R 1R M M Ay A W
Goteways SRS £ R £ N ¢ % U ¢ ¥ R S SR | S
el g6 Ve e\ VeV "e\ "
Sensors & Controllers (deta origination) o o o o o O O

EBRETEEE

- BHEE: BUBRITSES - sBeRELE

- B ERBHESERDN - RAINEEEF

- GRE BFEEARAFPER - RERBABE

- BEEE: RinTEESNERE - BUEGBEE
A mERB =R EH

- 2 BIEEHERD - RS LT ER

BRI IT+Digital @ & fi4E



https://medium.com/it-digital-%E4%BA%92%E8%81%AF%E7%B6%B2
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Login Node

Head Node (Master)




HPC Cluster B9 E AN Z23E - NETWORK?
%%%I




—

|
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* |nfiniband C Xll
e FDR 56Gbs (Mellanox ConnectX-3, ConnectX-4) onnect
e EDR 100Gbs (Mellanox ConnectX-4, ConnectX-5) C XE
 HDR 200Gbs (Mellanox ConnectX-6) onnect

e Fiber
e 8Gbs / 16Gbs / 32Gbs
e Ethernet
e Mellanox 10/25/40/50/56/100/200GbE

¢ |ntel Omni-Path
e 100Gbs
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HPC Cluster FIE A2 #5-Storage
| ustre”  ® Open Source e Enterprise
e Lustre e IBM GPFS
e Glusterfs e DELL Isilon OneFS
e BeeGFS
e OrangeFS 1BM
GFS . Ceph Spectrum
urangeFS, e NFS

®

ceph
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Computing Nodes
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HPC Clusterf9E A Z25-Computing Nodes

CPU Intel Xeon / AMD / IBM Power 9 / ARM

Sy =1 8GB/16GB/32GB/64GB/128GB ECC

heE Atk SAS HDD / SAS SSD / SATA SSD / NVMe
AEE = InfiniBand / Fiber / #2875 i&Ethernet

— IPMI /iLO (HPE) / iDrac (DELL) / IMM (IBM,

Lenovo)
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HPC Cluster & A ZE# -Head Nod”

==

Head Node (Master)

R A X RRTS
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HPC Cluster FIEZARZR#E-Login Nod

TeHEE B AT IR - WA/
JE A Lo R P ER Ly MDA S
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ThgE ER STt

A S ML i NFS / DFS / CIFS
MRS NIS / LDAP
T1EBEE Torque / OpenPBS / LSF

NS NTP
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E&134 : Intel Xeon Gold 6148
2.4GHZ CPUx2& 192 /384 GB
RAM

o AT : Intel Omni-Path HFI
o fEZE£Z 4% : RHEL 7.3 x86_64

o AR:Z2s : Intel Parallel Studio XE
2018 ~ PGl Compilers & Tools 2017

o HFFZENFZ : Altair PBS Professional

ERIZKIE : https://www.nchc.org.tw/Page?itemid=2&mid=4



https://www.nchc.org.tw/Page?itemid=2&mid=4
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Computational Cluster Front-end servers
(Rmax 1.73PFlops) ) .
Total: 695 node Login nodes

cx2570 Ma x1 |

- PRIMERGY CX2570 M4 x 64 nodes (GPU) OPA Switch
- PRIMERGY RX4770 M4 x 1 nodes (6TB memory) |  (Non-Blocking)
- OPA 100 Series Switch - Data Transfer nodes

1
1
1
|
I
1
| PRIMERGY RX2530 M4 x 5,
1
1
1
I
|
1
|

|
1
I
1
1
1

- PRIMERGY CX2550 M4 x 566 nodes :
I
|
1
I
1
1 PRIMERGY RX2540 M4 x 4
!

(
1
1
1
1
1
1
!
i - PRIMERGY CX2560 M4 x 64 nodes
1
1
|
1
1
1
1
1
|
1

- Interactive nodes
PRIMERGY RX2540 M4 x 2

Ethernet Switch
1G/10G

[

- Management nodes
PRIMERGY RX2530 M4 x 4

/home 0.25PB - Service nodes

I
I

]

Total: 3.45PB :
: I

! PRIMERGY RX2530 M4 x 4

(

1

1

1

1

1

: /workl 2.2PB
| /project 1.0PB
1
1
1
1
1
[
[
\

1
| NetApp FAS2552 x 1
1

e e e - e e e e e - - - e =

l System storage (NAS) ‘

ERAOR - 222 SRR



https://iservice.nchc.org.tw/download_file.php?f=1DCCUaeVoCaEhKA_3vURFcOwJ26tapUnkMCERS6oyp97MFUhQu4NxFOD8YEegHaz5fdrcP752cBGVoTdYvx2Og

|
HPC E#l - E M AIEES

o STEENRS

52 computing nodes

® 44 CPU nodes (1056 CPU cores)
e 2 GPU nodes(48 CPU cores, 4 GPU)
® 6 Big Memory nodes (192 CPU cores)

PERRZEfE
A S AR
TESEZMR
HERZERAS
AR A I

100TB Lustre filesystem
Infiniband FDR (56 Gb/s)

Linux (CentOS 7 x86_64)
Torque

GCC, Intel, PGI, Python 2.x/3.x
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2 BRHPC

Login Node 01

InfiniBand
DDR

.- Computing Nodes . .

o e e

4

(56 Gb/s)
Switch

Login Node 02

Ethernet

Head Node

1 Gb/s

,- Backup Storage -

Switch

™ o P o

4

A
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e SREFH# : 1U 512 cores CPU
e GPU /3R : many-core 8192 cores GPU

o EFZEZS : Container provides different environments

o ERIRIEE JT : Offloading network functions from the CPU to the
network

o 3G SA1 %A H - Energy saving around 30% ~ 40%

o ElrfkF% : Pay-as-you-go
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HPC 828 I 7t

o 2U OjZ 8 4 885 - HEEE OJE
4= 2 CPUs - EHUTSEVF]D =iE 512

7FZ/L,\ (cores) - E—EiRa O] 18
2TB sC1Eke
e Cray 1U 0J%% 8 CPUs © &= 0]

3ZE 512 &0

GIGABYTE H262-ZL0
AMD DP 2U 4 Nodes Server Gen4 NVMe Liquid Cooling Solution

BEIRIE . GIGABYTES Z E G iR 23



https://www.gigabyte.com/tw/Enterprise/High-Density-Server

/ /
HPC @22 EAE ) - GPU JNiE

o« BEXAMEAAEH Loop
e T BB b b I T R R
E— X j:ﬁ\' _A %ﬂ TE / IT‘jE GPUs 1 {8 NVIDIA H100 PCle HGX H100 4-GPU HGX H100 8-GPU
TEL |:| /7 | GPU HD% R=Hifig PCle 4 {8 NVIDIA H100 SXM iwgirniohd Eymwunk

8 8 NVIDIA H100 SXM Switch ﬁm%ﬂﬁ DIA H100
ﬁs!i

o i% ;I% N V D I A H P< S D K /El‘i\i ﬁ?ﬁﬁ%ﬁigfgﬁﬁim] 48TF/BOOTE/1 BPF/3.2PF(3.2 POPS 240TF/4PF/BPF/16PF/16POPS ABOTF/8PF/16PF/32PF/32POPS |5PF/256PF/5 1 2PF/ 1EF/ 1 EOPS
O ACC *D —C Fﬁ ?& Fq *E]— BQ atsme 518 GPU % 80 GB == 32068 =% 640GB == 20TB
pen F I\, [F 5% m P

VLink Eth FImfL B B
1] E ; NVSwitch NfA NJA B=1K =10
= . NVLink Switch N/A N/A N/A s
® NVI D IA IE /\ U n Ifl ed NVSwich GPU X GPU $8% N/A N/A §¥) 900 GB ¥ 900 GB

M emo r'y j:ﬁ ?"I'\Lj- , ﬁ@ 59;\[ G P U SASERK & 90068 #3678 s# 7278 s¥ 57678
AC e AE X/ N\ ER IR

BRIRR: https://www.nvidia.com/zh-tw/data-center/hgx/



https://www.nvidia.com/zh-tw/data-center/hgx/
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QEJI: Z T Fr'fﬁ _:ﬁ?ﬁ%*%%nn App 1 App 2 App 3
( bare-metal ) Bins/Libs Bins/Libs Bins/Libs
¢ 7?1% ﬁB %K H H}i ZIKEA Guest OS5 Guest 05 Guest 0OS hee akie AP
& Eﬁ iﬁ, Bins/Libs Bins/Libs Bins/Libs
o BN FREEENERE A ¥ -
Host Operating Systern Host Operating System

o FEUFHIE &8 O] LARAEAD — —
IR T

® %Q“DD/\/ \nﬁg_*Elﬁm{i‘lﬁ
(isolation) 228,

o &F&% : docker - singularity - d s
nvidia-docker docker &/

£2°E : https://cloud.google.com/containers, https://www.docker.com/, https://sylabs.io/docs/, https://github.com/NVIDIA/nvidia-docker



https://cloud.google.com/containers
https://www.docker.com/
https://sylabs.io/docs/
https://github.com/NVIDIA/nvidia-docker
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o BImERRZEZE CPU
N LAE - BEEREE

=
/1L

Compute-Centric

=Ryt

e

28 5T (DPU)

Data-Centric

CPU B& — — o @) (@)
. N GPU CPU GPU \p0 |pu 1PU /

® /N ;K $§ E}J TI_’I' /T\ . ;E ﬂ — —— — In-Network Computlr?g
CPU - BE®RE&ENR = — B ‘
Eﬁb;&?ﬁﬁ ==} GPU cPU GPU

o Me”anox H DR ZOOG Must Wait for the Data ’ i < Analyze Data as it Moves!
. - Creates Performance Bottlenecks Higher Performance and Scale
SW|tCh %D H D R ,%EI _E ¢ Integrated security offloads/rules
sz #& in-networking computing (application offload capability) A1 in-

network memory

ERIZIR : https://blog.mellanox.com/2020/03/welcome-to-the-dpu-enabled-data-revolution-era/, https://mwww.mellanox.com/files/doc-2020/wp-

in-network-computing-next-generation-hdr-200g-ib.pdf



https://blog.mellanox.com/2020/03/welcome-to-the-dpu-enabled-data-revolution-era/
https://www.mellanox.com/files/doc-2020/wp-in-network-computing-next-generation-hdr-200g-ib.pdf

- —

> —
HPC t%ﬁbéﬁﬂ:_lﬁ T /§/§ \/\ |j| I\ﬁ

o BatH f:b}f?‘%tfﬁfﬂ'%\\&*ﬂ%xﬁé

=232 4 (immersion % 25U Ready Tank
coollng) - 2B Ak E - |
RBEAEBRURES - 7 . S ——
THHEEREE 1%—%,% }ﬁﬁg

REBE T E T2 B
E*ﬁuﬂf‘f&ﬁ%ﬁ \ Efﬁﬂ%%@
BFES  nE LTTRREEE A
T)Efﬁ UEJC%L it A 8 IR U
EE - AEIREST ":/HEJ/L,\E’J
ﬁ&‘)’(?
Tan%‘*%)?%%%a? 30~40% g ;
/E_ﬁ 'ﬂé\ *AZ T E EF: FlEﬁ 1U (for Server or Switch) 1U (for Server or Switch)
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/A Azure CycleCloud

e )l Azure CycleCloud & : — 22

o %23 E HPC Cluster R
o BFIEERASMEZE (Grid Engine, i ¢ e o
HTCondor, Isf, PBS Pro, Slurm) ~ A o
o LITIERZMEE (BeeGFS, o
GlusterFS, NFS, NetApp, lustre) -
o E)REIERER - #R)Bl compute nodes N s & B 3

o MRimII= |
Applications

. HEHBEESR O £ — &

Anaconda Dacker MrBayes

o OJAHE¥HY CPU 3, GPU
o iR ST I D
. BTN BRI LIE S

ERIR - https://azure.microsoft.com/en-us/features/azure-cyclecloud/, https://docs.microsoft.com/en-
us/azure/cyclecloud/tutorials/create-cluster?view=cyclecloud-7

LAMMPS



https://azure.microsoft.com/en-us/features/azure-cyclecloud/
https://docs.microsoft.com/en-us/azure/cyclecloud/tutorials/create-cluster?view=cyclecloud-7
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o RETRE??

o BTV M KA - IXEH CPU 3k GPU 5T&BE I K FECIEIEEK
o A IABE

s RERABERE - B=ENEREMNRE (TSM)

o fESE AP NENEE ( fReZEar ~ L FKTVE - EREUS )

o HE 2R RIEAREE (1000 kg/m?2 )

o WEE - ZEHRBEIRBEFE (KW/BTU )

o EFflZ % ( firewall, patch)




