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Runing Jobs

Node Distribution

HTC

OTHER

Storage_Server
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GRID
 Login_Server
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Queue Jobs

Cpu Core Distribution
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Disk Storage Read Throughput
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WLCG: WorldWide LHC Computing Grid
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ALICE 151.9 PB
ATLAS 488.4 PB
CMS 235.1 PB
LHCb 102.8 PB
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WLCG Transfers - 5 Years (GB/s)

Free Total

~1500PB/year

28.8 PB 180.7 PB E
64.7 PB 553.1 PB @
30.9 PB 266.0 PB 'DLE
22.5PB 125.3 PB

Running jobs: 425936

Active CPU cores: 1098036
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Single-Threaded Integer Performance

uintel Xeon

* Intel Core
Intel Pentium

4 Intel Itanium
Intel Celeron
AMD FX

= AMD Opteron
AMD Phenom

* AMD Athlon
IBM POWER

* PowerPC
Fujitsu SPARC
Sun SPARC
DEC Alpha

< » MIPS
. * HP PA-RISC

Intel Confidential; Internal Use Only; Embargoed until 11 p.m. PT on May 27

##2 (Fabrication Process)
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LA .J6: Graphics Processing Unit, GPU
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B 32 BUEZ AT HIZEE
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%> (Core) : GPU IFEAHIALFEH TG, HARRIEMALIL S
SM RIS AL SRR R B THEL G (Special Functions Unit. SFU)
UL FH A7 fih AR 2 A7 0 10 2 A7 2% SCAF

(Register File) . L= N{F (Shared Memory) ,
— R RATANIE F 22 A7 55

2023 BeV I E B W AR



Nvidia Hopper H100ZZ)

144N R A FEBESM, BASME 1281 FP32N % . 64 FP64NZ 164 INT32, LLi4

/NMTensor Core:; 8004 EuiAE, 4nm 1.2
H100 GPUZEFP16. FP32FIFP64itE J51H thA100: =

e FAZ 0 SR PLAS 557 2 S5 5 M H
o bt skEMZO (Tensor Core) FIYZRiBEA#%L» (Ray-Tracing Core)
* cuQuantumjpE &5

DFEIA 2 N 17000 !

H100 H100

SXM PCle
FPé&4 30 TFLOPS 24TFLOPS
FP64 Tensor Core 50 TFLOPS 48 TFLOPS
FP32 60 TFLOPS 48 TFLOPS
TF32 Tensor Core 1000 TFLOPS* 800 TFLOPS*
BFLOAT14 2000 TFLOPS* 1600 TFLOPS*
Tensor Core
FP16 Tensor Core 2000 TFLOPS* 1600 TFLOPS*
FP8 Tensor Core 4000 TFLOPS* 3200 TFLOPS*
INT8 Tensor Core 4000 TOPS* 3200 TOPS*
GPU £7F 80GB 80GB
GPU BIFHE 3TB/s 2TB/s
ATk 7 NVDEC 7 NVDEC

7 JPEG 7 JPEG

BAMISITINGE 700K 3B0E
(TDP)
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« ASIC(Application Specific Integrated Circuit): ¥ HEERHE BT
o BT HPRRRE T RAERTER, FHEFikm it
o ASIC SRR Z M HT N TR GRS FEHEPRR S5 E &
e [t41: NPU (Neural Networks Process Units), TPU(Tensor Processing Units),

o LA TR/, BEREMR. SERUE S . MK
o TR BITEBIK. EHME. TR

ASIC TR %
- I
I iS5
l
EEN SR

" 8/17/2023

Source

NPU

Amazon

AWS
Inferentia

Alibaba

Ali-NPU

Baidu

Kunlun

Bitmain

Sophon

Graphcore

2023 BeV I E B W AR



演示者
演示文稿备注
PLD：Programmable Logic Devices

https://en.wikichip.org/wiki/Bitmain
https://en.wikichip.org/wiki/bitmain/sophon
https://en.wikichip.org/wiki/Cambricon
https://en.wikichip.org/wiki/cambricon/mlu
https://en.wikichip.org/wiki/Graphcore
https://en.wikichip.org/wiki/graphcore/ipu
https://en.wikichip.org/wiki/Intel
https://en.wikichip.org/w/index.php?title=nervana/nnp&action=edit&redlink=1
https://en.wikichip.org/wiki/movidius/myriad
https://en.wikichip.org/w/index.php?title=mobileye/eyeq&action=edit&redlink=1
https://en.wikichip.org/wiki/Nvidia
https://en.wikichip.org/wiki/nvidia/microarchitectures/nvdla
https://en.wikichip.org/wiki/Apple
https://en.wikichip.org/wiki/Samsung

FPGA

« FPGA (Field Programmable Gate Array): FLIZn]4wfe| 1R4%
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FPGAR AT 1

FPGA SIMD,MISDZ: £ Fi i 3474k
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IR R SRR, FEdr R P EE EFPGARI M BE ST GPU, R NGPURE {4 B YR AN BE £ 5h)
FPGAHIIIFE (~10W) (KT GPUFR (~200W)
H AT, FPGATERHFAIIE A R E s 55 77 T N H 3 %

L b b

# Instruction Streams

. ingle Multiple
] Sing p
N - )
‘4 SISD SIMD
/ Q No Parallelism Same thing to lots of data
-] (@)
€ < GPUs (FP)
o v FPGAs (Int)
]
wv
o
® o MISD MIMD
0 rel Different ops to same data Embarrassingly Parallel
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-
=
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BAEAFEEHIL (Data Processing Unit, DPU)RiaiN4ECPU. GPURAEE =4 3 /7t
DPUF= L H 37 5

o HJEIEG: AR AEAHE b, SR T g FE AT U

o LR FEITNEAG. BT A STIL BRI AR A B THEE R R Ak HE AR

o DIHUR s SRTHOR AL HbERE, DASE s ) A
» DPUSLJJ7E A % AL A T 5 v 1 EL A 0 H2 7t
. DPU: 5 Sz H AL 2t \ Nvidia bluefield-3 DPU

3 T-FPGA[¥)DPU

| mRitE

aﬁﬁmﬁﬂ€>

FET-ASICHIDPU

B+ 20 AAMPHIDPU

SoC-GP SoC-NP

L g =] juil= i g BRI R (HPC/AI/ XER)
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A New Golden Age for Computer Architecture?

New Materials and Devices
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The next 10 years after exascale
Recipients of ACM's A.M. Turing Award
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AT ASIC.: IR Eﬁkjﬂéﬁﬁﬁﬁbu O A AR (TPUL FERA.
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Shifting landscape for
end-to-end computing

L1 Cache

/ L2 Cache

A / .
l!‘.‘ill".-iii::-:..{" O i

/ X-point Persistent Memory
Memory ﬁ / —

/ s \ /
/ \ /

The Good Old Days /

Quantum
Computing?

The Brave
New World

Image Credit: G. Stewart
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o IACACIR SRR ) — M2 OIS AT A
e SIMD - Single Instruction Multiple Data (vectorisation)
o (EZANEAERTR AT HE A AR
e MIMD - Multiple Instruction Multiple Data (multi-threading or multi-processing)
o [FRAEZADRR AT 2 8R10E
o TGRS eV R BRI B ORI AT I, @ R R ) IR AT A
o BF—MESTREZMMEN, FNiEiT (R IFAT
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o TREARIEVIIEN) A, EOR SR S S ROA
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HAT, A 2R T2y
CPUFFATFR R TS A AH A
« X86: SSE4.2 (Streaming SIMD Extensions), AVX (Intel Advanced Vector
Extensions), AVX2, AVX512
« ARM: NEON, SVE (Scalable Vector Extension)
 Others: VMX(Altivec), VSX (power?7)
GPU/FPGAZEH)
 Nvidia, AMD, Intel, Sugon, Xilinx, Altera(Intel), ..
e e e R &R, tLinIntel CSA
5 G A AE L
« CUDA, TBB, OpenACC, OpenMP, OpenCL (->Vulcan), Kokkos, ..
« HIP (sugon DCU), Verilog, vivada/vitis, ..
 Hadoop, Spark, STORM, ..
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o FE. BJ). BURARHE R e
Python &R RY | Bkl iR AE S
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 Numpy, matplotlib, pytorch, tensorflow, etc
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Ben Blaiszik, “2021 AI/ML Publication Statistics and Charts”’. Zenodo, Sep. 07, 2022. doi: 10.5281/zenodo.7057437.
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ATI4Science

« AI4Sciencelii44 830 W REE . HL2s24 o] IRIE 222 N TR seH AR R H 2R 22 70 H
o ATCHEZYE, RS EEREE, MO INERWMAE, 01555 Bh & LT R B
« Al4Science MUANEGAIN F FScience, TiseMi& M 5HE, HLEK R
« DeepMindi#t 7t ENature, FE/RAINAARMIFITGR, TR, 228 B,
H oS e HdmndE. BdRitriE. a4 bl ok 1Y BN H 55
Review | Published: 02 August 2023

Scientific discovery in the age of artificial intelligence hitps.//www.nature.com/articles/s41586-023-06221-2

Materials
_discovery

*IIIIIIIII: -------------- H ————————————————— - 5
Mumerical Solvers z
=
I‘Illll-- llllllllllllllllllll EEEEEEEEE AN EE AR EEEEEEEEEEEEEEEEE .F 'é'
Neural Networks 2
ol

m

PIIEIRz] Y0iE + SRR S SRR TN

%,
Biological
sciences &

2023 BeV I E B W AR


https://www.nature.com/articles/s41586-023-06221-2

ChatGPT

MR AFERKIBIRSEIRRZEMTA? EChatGPTEE. |
ChatGPTR2HOpenAlZTHHIA TEHEXHEERRER.
BIX. 5. EXbug. #BEFRE. KieX. SRk, #MEhE, FTRAEE..

Chat GPTEJLAS4IIENIS?
“RE GPT-4 A83fI0aE, BE5SFHN
Exam results (ordered by GPT-3.5 performance) gpt-4 GPT #ﬁﬂiﬁ ;ﬁﬂ» Bg% BE"‘_&LO Esiég B'.‘]IEE ) E

Estimated percentile lower bound (among test takers)

o0l gpt-4 (no \gggns) u 0} %Z; ;T_'D é @, %”
BSNEMRERLAN 75% (B 6)

Internal factual eval by category

Already useful in HEP IV

Accuracy chatgpt-v2
chatgpt-v3 |
chatgpt-v4 l

80% — | | opt-4

I

l

60% —

| |
40% —
20% —
- OpenAl 2023Fi8X

learning  technology  writing history math science recommendation code business

https://arxiv.org/pdf/2303.08774.pdf
2023 E RV PETT L B A



https://arxiv.org/pdf/2303.08774.pdf

NISQ=E 15 I

o Sl E R AIE TR (Noisy Intermediate-Scale Quantum, NISQ)
* 50-100 Qubit, f=MEH
o EREAEYFEAIE, 7ETracking, AnalysisZE )y o M Analysis with ML

;““.;;“’“““;“' TSI o 2023EF63, IBMERIHIEL00+ d e | | By
vidence 1or the utiicy orquantum computin o it
Youa PUNE S iy, T2, (KRD

o
|
1

before fault tolerance - i o] |

Youngseok Kim &, Andrew Eddins &7, Sajant Anand, Ken Xuan Wei, Ewout van den Berg, \Hy:[_?:* ﬁ% %% ’ E%Etéﬂ:/ ~ :: 1 E§£N o=

Sami Rosenblatt, Hasan Nayfeh, Yantao Wu, Michael Zaletel, Kristan Temme & Abhinav 1+E$)-L R ;GE %: o

Kandala https://www. nature. com/articles/s41586— ——— EJ_"-“_ . y
v g 023-06096-3 Mott, et al, doi:10.1038/nature24047 “':o*_.:f:‘-:;"l}::j':::::iz;i‘“:;’“-;’;‘“

Nature 618, 500-505 (2023) | Cite this article

¢ ﬁ?%gﬁ?rg)? https://qc.ihep.ac.cn/

0000006066000 000000 .

.03

@@B@@ ) include "qgelibl.inc";

Zlokapa et al. arXiv: 1908.04480

Material courtesy of S.L.Wu,
publication coming soon

@Qiskit L' C|rq

< @] () https://qc.ihep.ac.cn/login

greg q[5];

creg c[5];
q[e];

al; R SEEREFITETS

8/17/2023 2023 E eV B WA


https://www.nature.com/articles/s41586-023-06096-3
https://qc.ihep.ac.cn/

o FREMIFE TS LRI EN R RGN . T ENLE S ES . R A A
ZA R )

o THEL A, MERREREEE, BRSO, RS IR R, BUE o
selZEMNAH, Bk E s  Hir

o RIREBIEFFE SIS EIEAL T CRi R, RCsEE . YRR SELG . 7
HE) , SMIHEER (EEReitE. SdRriE S8, MES%es. K
PEHEZE. CUDA/HPC. SMITTE. AILL G KEII%) | RAEE

« RASCHEEAR, BATHVERME, DIRE R RIRCR, (kR R

 8/17/2023 20235 e B 1] 24




- -

—

]
IS1ZN &

=T

8 10

2023



	高能物理计算概述
	主要内容
	高能物理科学研究
	高能物理实验数据挑战
	HL-LHC的计算需求
	高能物理实验计算
	数据处理过程
	典型的高能物理计算平台
	本地计算集群
	存储系统
	高能所计算集群
	运行监视
	WLCG网格
	幻灯片编号 14
	换个角度来看？�——计算机体系结构
	摩尔定律
	CPU核面临瓶颈
	CPU指令集
	ARM指令集及发展
	GPU
	Nvidia Hopper H100架构
	ASIC
	FPGA
	FPGA的并行性
	DPU
	A New Golden Age for Computer Architecture?
	现阶段一些发展方向
	异构计算部件
	再回到高能物理数据处理�——软件的挑战与发展
	计算硬件的变迁
	并行处理
	异构编程
	开源软件
	数据科学与机器学习
	AI4Science
	ChatGPT
	NISQ量子计算时代
	总结
	幻灯片编号 39

