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88 OVERVIEW / IHEP OVERVIEW <3

COMPUTE

Runing Jobs

Node Distribution

Queue Jobs

Cpu Core Distribution

Disk Storage Read Throughput

Used Disk Space Distribution
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VO a Used Free Total

ALICE 151.9 PB 28.8 PB 180.7 PB

ATLAS 4188.4 PB 64.7 PB 553.1 PB

CMS 235.1 PB 30.9 PB 266.0 PB

LHCDb 102.8 PB 22.5PB 125.3 PB

Running jobs: 186292
Active CPU cores: 462900
Transfer rate: 30.67 GiB/sec
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Single-Threaded Integer Performance

ovsl  INTEL'S NEXT MAJOR ARCHITECTURE

Core2 COI' e En— inside
Duo_qaffs .

COREi7
inside

CORE i7 CORE'i7
u |ntel Xeon
* Intel Core

® ©® @ ® @

o i 2006 2008 2011 2013 2015

AMD FX

= AMD Opteron
AMD Phenom

* AMD Athlon 22nm
IBM POWER

* PowerPC
Fujitsu SPARC
Sun SPARC

* HP PA-RISC

4172 (Fabrication Process)
CPU G AthEBE SENBE R E/\BWHE, PINEIR
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o ZFFR5E

« FIEAHECISC (Complex Instruction Set Computer)

« FETH 82 HERISC (Reduced Instruction Set Computing)

o FEAFHATIRSSEEPIC (Explicitly Parallel Instruction Computers)
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e GPU(EHEAFEH I :Graphics Processing Unit)
« HixithE CcPU AR, TERE RGN A s, 1E[F—R 884 ) A 2 0415
o MIIEE AR STEY, b T HEEIATH, AL KRBT AT T AR N H
e MAZUTHIE (Streaming Multiprocessor, SM) /& GPU HI3EA [ s | [ e
%‘7__‘5’ @é\u?%}ﬁj\:
o ZLFEANESS (Warp Scheduler) : ZFEH (Warp) 2t AKIHIC,
B 32 B Z AT IR
o Vil fEMEHIL (Load/Store Queues) : FERZUAINAEZ (A1 AL Hr B 4
« i (Core) : GPU St ARMACHE R T, WAFRIEALEEAS
« SM FILUERIFRE BT T (Special Functions Unit. SFU)
UL S FH T A7 A0 S A5 s 1) 2 A7 2 SU A
(Register File) . FLZEN{F (Shared Memory) ,
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Nvidia AmpereZZf)

o 128NN A, MR ESE B 64 MZ 0%, Bk R E—HE5 8192 4
CUDA #%:.0», 40 fCANEIE, 7nmLZ
o W0 TR 2 R AL DUSCRRNLAS 52 S S N
o L. sK=EAZ0 (Tensor Core) MDGZIEEZ# (> (Ray-Tracing Core)
o REMOAERDIBFEIAT K 4 x 4 HIEFEH
« Aloo HITERELL [ —A= MR &L 20 1%
o ZUFIMIGEIMLA GPU 4r X TIRESE

FP64 9.7 TFLOPS

FP64 Tensor 19.5 TFLOPS

Core

FP32 19.5 TFLOPS

Tensor Float 156 TFLOPS | 312 TFLOPS*
32 (TF32)

BFLOAT16 312 TFLOPS | 624 TFLOPS*
Tensor Core

FP16 Tensor 312 TFLOPS | 624 TFLOPS*
Core

INT8 Tensor 624 TOPS | 1248 TOPS*
Core

Simon C Blyth. Opticks : GPU Optical Photon Simulation for Particle Physics using NVIDIA® OptiX™
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ASIC

« ASIC(Application Specific Integrated Circuit):% FH4E R0
o BEXTH PR E BT RGN TR, B Sikm it
« ASIC OS] Z M H T N LRGBS FEHEP R FEEEL
e [t41: NPU (Neural Networks Process Units), TPU(Tensor Pr‘ocessing Units),

o fLi: RN, BEREIC. BERERE. BT Source | NPU
AWS

o BRAS: WIFREIK. EEE. TR
Alibaba Ali-NPU
i Baidu Kunlun
Bitmain Sophon
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\' gl BIEE%5

Graph
= R e
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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/Google
https://en.wikichip.org/w/index.php?title=google/tpu&action=edit&redlink=1
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/w/index.php?title=Huawei&action=edit&redlink=1
https://en.wikichip.org/wiki/Apple
https://en.wikichip.org/wiki/Samsung
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 FPGA (Field Programmable Gate Array): IIZa]gwfeE [ 1RES
o SeMSERBTEE “TIRR” WO
 FPGAJL T R A LR NASIC

o KFRi
o 'REE I FPGARE A LY 188 FH 1Y CPUBE PR BE /=1 2L
« 5CPU/GPURHLL, FETHE
o FERATDAEBEFACE : 100ms-1s
o HE/EF, ATEASICH ), AR

o NHEBEEFA
o W gmAEm ANt Hot (T0B)

A BT (CLB)

__é 90'
1w

g
€

o B EREEAEEL (DCM)

e iR AIUERRAM (BRAM) = a [ T7 @ [Tl 1= =
o FE AL TR g 1N

o JRZENBRIIAERTT 3l |3 5l |3 | W .
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FPGAHFFAT Y

FPGAS. £FSIMD,MISD%E £ M UK 4T 4k

o XFTMISDEMIMNHA, BRI —HIETEHT 2 KBS HATHE, FPGAEAILH
I AR A TR, 7N B SE L FPGAR M BE S HEIEGPU, R NGPURAE F B 5 AN RE B 5l
FPGAHIINFE (~10W) (KT GPUR (~200W)

H AT, FPGATERMIFAIIE M K E s <507 T M 3 %
# Instruction Streams
Single Multiple

L b b

SISD SIMD

Q No Parallelism Same thing to lots of data
-] (@)
€ ¢ GPUs (FP)
s v FPGAs (Int)
]
wv
o
2 o MISD MIMD
() o Different ops to same data Embarrassingly Parallel
* =

=3
=
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A New Golden Age for Computer Architecture?

New Materials and Devices

More Efficient Architectures and Packaging

The next 10 years after exascale
Recipients of ACM’s A.M. Turing Award
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http://dx.doi.org/10.1145/3282307
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o FERTHEET R T
CPU. GPU. FPGA. ASIC/ & H Firis H vt & A i) F vt &
CPUC i M iz il i 58, /2RI REETC A B RE 2 um MR 55 28 11 A4 4
GPUCH i i& Al FH AT AL BE, 3 A A H -5 1 B AR A B 3 e 22 38 FH g
FPGA: i A& P M, E& THRECEHIMMTHIR Eil. Tl Bt E a4
AL ASICEF B C AN R HE I e AR, (TPu. #ERA.)
o FRTFEPHERH R
o MHEEH R FE BRAL NI AR A TR B, O e A v SR SCEEAE R
o FdEHR O FRR R S HGPU R FPGAR) T AL -
o FPGAJFATIFHEEERLLL CHEFESE) JZCPUIM33 1%, GPUI3ME, & A I/0E/ESEHRATINE ) =
o HFPGAKERE. HNLFPGAL H L% . HALFPGAIL = XX 2% &5 3 B i 5,
A PERETTE GEE. HPC) C&NEERE T 51 B N FH A
« HAMFugaku (&%) , 7,630,848 ARM CPUH, ;%442 Pflops; T'EH1864 fH4 —

+ 20214 RIFHE NS SR
¢ HRQCD. FHBL. KT B A HPC I
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o AR P L E A SRR T RO S
o B— KRBTSR, BERMPE T R 905 m Ab
« Hadoop, SPARK, STORMZ: %% &4l

o LRI EME S H 211 E 550 R —1E55
o A HEERE
o fEIIHEENE
o mERETHEERE CRMEERE. M)

-;;‘ZE
i

[ / \ﬁ‘ ﬁ 'L+‘ %: IE HEI l:l:[ J [L\ ﬁ% E;Q Erlé I_IZ? SIMPLIFIED LAYOUT OF

GRID COMPUTING

RESOURCES

UGMEY e WG
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Shifting landscape for
end-to-end computing

|}

/o

Memory ﬁ

/ Spinning Disk \
/ Tape \\

The Good Old Days

/ X-point Persistent Me

/
/

Quantum
Computing?

The Brave
New World

o EINERAF 2 A, e g
o IR B R RE ) H A AL B ?
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o IACACE SRR ) — D2 O RIE R “ AT AR
e SIMD - Single Instruction Multiple Data (vectorisation)
o (EZNEAER R AT H A A iRAE
e MIMD - Multiple Instruction Multiple Data (multi-threading or multi-processing)
o [FIREZDIR EATZ A ER1E
o T FPIA LTS A V) B AR AL B ORI IHAT YR, I8 R AR ) IR AT 4L
o B MES I EEMEN, RGBT (TEIFT
o FE— BNV N EE R AL 2 AN ] (R R FRAT)
o fENEP EFRNPATZAEE (FHBINIFTD
o BTSN 55 25 ngmR BE R T AT, teanE ot B BTN GPUR AT
o Fodn CORWIZOG” BT AL AAZ SR 55
o TREARYEYIIE N, EOR SR 2 S Rk

L)
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5 H TR

HAT, A 2R T2y
CPUFHATTR B AT
» X86: SSE4.2 (Streaming SIMD Extensions), AVX (Intel Advanced Vector
Extensions), AVX2, AVX512
* ARM: NEON, SVE (Scalable Vector Extension)
 Others: VMX(Altivec), VSX (power7)
GPU/FPGAZEH)
 Nvidia, AMD, Intel, Sugon, Xilinx, Altera(Intel), ..
Hoekys v ik 2 28R &, tEiiIntel CSA
BT FEAE 2R
« CUDA, TBB, OpenACC, OpenMP, OpenCL (->Vulcan), Kokkos, ..
« HIP (sugon DCU), Verilog, vivada/vitis, ..
 Hadoop, Spark, STORM, ..
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o mREVIHE TR AR 2 TR AT
o A TFEL. WZE. IR

e GEANT4, ROOT, RUCIO, CVMFS, EOS, dCache, CASTOR,
o EHRKERDLFITE RS

 Openstack, CEPH, Hadoop, Spark,
o 5 FIHIRERAE B ARR G, B AN

o MY IEA X EER, SORE S
o Phhk: WTES IR, KRR

h4

ExCALIBUR-HEP \5\ GEANT4 ALFA

IIIIIIIIIIIIII
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B Rtz S Hlae o7 >

SRS, HORRRE SHL S TR R

1, ROOT

Data Analysis Framework

[ ]
.« Python T\ A T HURAIE R A TE S T —
C KRR, SRR e N AN
* Numpy, matplotlib, pytorch, tensorflow, etc + e AR
o biZdoe AR, EREMER A InNLAY T I BOR i iy
« HAT, Ml e Z T ERe ) P }
' '::;‘;:1..::.\3 0 3 1:"’; 1“;’6 1"‘\ 2o 25> 2SF 2+
gt 4_ - 8 e e ekl gl 28
[ - 80%
_ - EIC Software Survey
60%
40% - -
20%
19%
13% 13%
0% — | ] - ] ] | | ] 6% | 6% _
[ Analysis ] § S \@"" & @g@\ e&o& &%&z &8}@0@ o
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https://indico.bnl.gov/event/10972/contributions/46300/attachments/32961/52769/State%20of%20Software%20Survey.pdf

NISQ&E 1B I

o PR &I (Noisy Intermediate-Scale Quantum, NISQ)
* 50-100 Qubit, kS
o (EEREYIBRANIE, 7ETracking, AnalysisZEJ71HiC A N Analysis with ML

066 A A B :5: \\
ooy R ey £
IBM o /]
§ 0.80- “ / o8 ‘Signal .
Quantum i
B —QA
Hummingbir D Wave o5 & T
. 5 054 _ E“; =
d (65 qubits) Avantage O i 1
& 5000+ ‘Ea:;f:: BN
Mott, et al, doi:10.1038/nature24047 = 3 — o
Credit: Connie Zhou for IBM qu|ts Zlokapa et al, arXiv: 1908.04480 p—————
Material courtesy of S.L.Wu,
publication coming soon
Image Credit: DWave Tracki ng
B . qbsolv+D-Wave
JFTTTTTT] || e
0
3 ° 80
H 04 70 » trackml score
Google } 60 « precision
0 o recall
50
Sycamore " *" LI S B 1000 2000 3000 4000 5000 6000
o0 e et #0100 #particles/event
53 qultS Zlokapa et al, arXiv: 1908.04475 Bapst et al, arXiv:1902.08324

Forest Stearns, Google Al Quantum Artist in

USTC Jiuzhang 76 qubits ok M ]|
Erik Lucero, Res:asrlcf?nscc?entist and Lead
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