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About IHEP
1450 FTEs, ~1000 graduated students/Postdoc
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HEP Computing Center

Data Challenges @l1HEP

e BECPII/BESIII: Running

= ~1PB raw data/year, >10PB+ totally now
e DYB: stopped at the end of 2020
m >2PB raw data totally, data analysis is ongoing
e LHAASO: Running
= >6PB raw data/year, will run for 20 years
e CSNS: Running
= 300TB raw data /year for Phase I(3 beamlines, now)
m > 2PB raw data/year for Phase Il (+7 beamlines, 2023)
m > 5PB raw data/year for Phase Il I(+7 beamlines, 2030)
e JUNO: data taking from 2022
= >2PB raw data/year, will run for 10 years

e HEPS: data taking from 2024

m >200PB raw data/year for Phase | (15 beamlines)
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# HEPS Beamlines & Data volume N RATER R

SaSrat 3 IHEP Computing Center
_°M-W>re than eamiines voiume
* Phase|, 14 ID beamlines+1Bending Magnet beamline selected
Beamlines Burst output(Byte/day) Average output(Byte/day)
B1 Engineering Materials Beamline 600TB 200TB
B2 Hard X-ray Multi-analytical Nanoprobe (HXMAN) Beamline 500TB 200TB
B3 Structural Dynamics Beamline (SDB) 8TB 3TB
B4 Hard X-ray Coherent Scattering Beamline 10TB 3TB
B5 Hard X-ray High Energy Resolution Spectroscopy Beamline 10TB 1TB
B6 High Pressure Beamline 2TB 1TB
B7 Hard X-Ray Imaging Beamline 1000TB 250TB
B8 X-ray Absorption Spectroscopy Beamline 80TB 10TB
B9 Low-Dimension Structure Probe (LODISP) Beamline 20TB 5TB
BA Biological Macromolecule Microfocus Beamline 35TB 10TB
BB pink SAXS 400TB 50TB
BC High Res. Nanoscale Electronic Structure Spectroscopy Beamline 1TB 0.2TB
BD Tender X-ray beamline 10TB 1TB
BE Transmission X-ray Microscope Beamline 25TB 11.2TB
BF Test beamline 1000TB 60TB
805.4TB/day,
Total average:
24.16PB/month
7
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=» [International and domestic links % G, AT AR

e Dedicated links for remote sites 10G

= Shenzhen (Dayabay) @ 10G @

m Dongguan (CSNS):1G-->5G-->100G nternet2-CERNETS

Tibet (YBJ/ARGO)

Chengdu (LHAASO)

Kaiping (JUNO)

e Internet performance

AUSTRALIA .
m IHEP-Europe: 10 Gbps + 10 Gbps . YYy'
IES

= IHEP-USA: 10 Gbps + 10 Gbps

m ~17 PB/year data exchange 26

150M
DayaBay - HAASC
o LHCONE e %
JUNO CSNS
aipin Dongguan
n Peerini to ESNet| Internet2| GEANT were established e -




Network Traffic Monitoring

IHEP Computing Center

FLAZEE/Incoming Data it #4E/Outgoing Data

7.796 PB 9.888 PB

R A&/ Total traffic

20 Gbps
15 Gbps
10 Gbps
5 Gbps
0 bps
4/1 5/1 6/1 71 8/1 9/1 10/1 1mn 12/1 171 2/1 3/1
max avg current
== Incoming traffic 13.11 Gbps 2.12 Gbps 5.04 Gbps
= Outaoina traffic 18.02 Gbps 2.69 Gbbs 1.45 Gbps
LHCONE IPv4i7;&/LHCONE IPv4 Traffic LHCONE IPv6;7i&2/LHCONE IPv6 Traffic
15 Gbps 10.0 Gbps
7.5 Gbps
10 Gbps
5.0 Gbps
5 Gbps
2.5 Gbps
0 bps 0 bps
2020-5 2020-7 2020-9 2020-11 2021-1 2021-3 2020-5 2020-7 2020-9 2020-11 2021-1 2021-3
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IHEP Computing Center

m For more than 10 experiments
m HTCondor cluster runs for HTC jobs
m Slurm cluster runs for HPC jobs

m WLCG tier2 sites & DIRAC sites

e About 45PB disk storage, 20PB tape storage

m Luster and EOS as two main file systems
m Castor for tape storage, EOS CTA coming soon
e Data Center Network

m |Pv4 / IPv6 dual stack

m Ethernet/ IB protocols supported

m 8%100Gbps backbone, 25Gbps for nodes



Overview of Computing & Storage & #isiitw

HEP Computing Center

COMPUTE STORAGE

Servers Cores Gpu Cards  Disk Space Tape Space

Runing Jobs Queue Jobs Disk Storage Read Throughput Disk Storage Write Throughput

23,102 'Jobs 105,201.5 Jobs 12.6/.GB/s 1.10 GB/s

Node Distribution Cpu Core Distribution Used Disk Space Distribution Used Tape Space Distribution
current current current v current
= HTC 778 == HTC 23,820 ‘ == HAASO 10PB == bes_all 3PB
== GRID 102 == GRID 2,988 == BES 7PB == dyb 3PB
— == HPC 193 == HPC 6,872 . OTHER 3PB == jUno 30TB
== Login_Server 2,000 == DYB 3PB == |haaso 3PB

== Login_Server 58 —
Storage_Server 189 ‘ Storage_Server 5,704 JUNO 2PB user 170 TB
‘ Tape_Server 16 Tape_Server 392 CEPC 2PB ybj 526 TB
OTHER 135 OTHER 6,068 == HXMT 1PB /

14




Storage Overview

IHEP Computlng Center

v storage overview
Read Throughput Write Throughput Current Metadata IOPS Total Space Used Space
\,_W
Space Usage Inode Usage Space Distribution
Available current =
1 == LHAASO 10PB
== BES 7PB
== DYB 3PB
OTHER 2PB
JUNO 2PB
CEPC 2PB
82 25% = HXMT 1PB
HPC 853 TB
== GRIDDPM 796 TB
Read Throughput Write Throughput
15GB/s max avg current v 5GB/s max avg current v
’ == BES 13.7GB/s 9.03GB/s 9.80GB/s == BES 500 MB/s 164 MB/s 227 MB/s
4 GB/
M d \ LHAASO-lhmt 3.96GB/s 791 MB/s 845MB/s © == JUNO 907 MB/s 255MB/s 223 MB/s
10 GB/s ﬁ } \A\ J w wa‘ LHAASOGhep  299GB/s 415MB/s 601 MB/s . LHAASO-hep  314MB/s 75.0MB/s  105MB/s
i
K \H J HW »MJM /r"h == JUNO 817 MB/s 116 MB/s 473 MB/s LHAASO-Ihmt 422 GB/s 426 MB/s 389 MB/s
f
\ f L f == PUBLICEOS 447 MB/s 529MB/s 87.9 MB/s 2 GB/s HXMT 269 MB/s 650MB/s 5.14 MB/s
e T == DYB 3.96 GB/s 864 MB/s 83.3 MB/s == PUBLICEOQS 26.3MB/s 4.69MB/s 2.51 MB/s
HXMT 574MB/s 230 MB/s 28.3 MB/s 1GB/s J HEPS 143MB/s 257 kB/s 0 kB/s
| Lt Wk JAM
e L HEPS 25.1 MB/s 989 kB/s 84 kB/s Iy "““"“'““""""‘ ‘ MBH 6.13 MB/s 11.5kB/s 0 kB/s
0KB/s "y ) b Aw-n e [n‘-r; w0l | ) LM 0 kB/s il J‘fu | | HM[} \J\N I|L wa .1"! (A
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e Jobs:2020 Oct. — 2021 Mar.
m Top 3 : LHASSO, BESIII, JUNO
m 65.4M jobs
m 81.2M CPU*hours

Job Count By Group
25000000
20000000
15000000
10000000
5000000
0
0 .& O © PP BRI SR P A R S Y
2 oF & O ¢ 3 L& & PS¢ o R NP C 2R PO S St
> O PN R T T I IITT TSSO F N
& e N 2
NN TS I R S

lhaasorun
7%

juno

12%

lhaaso
16%

dyW 2%

WallTime Proportion By Group

ucas hxmt

higgs
2% 1%

3%

physics
57%

physics
lhaaso
juno
lhaasorun

= dyw

= higgs

® ucas

= hxmt

= cms

= offlinerun

m atlas

u lhcb
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e Distributed Computing Platform for LHAASO Experiment
m Based on HTCondor Glidein

e Built a test bed to integrate resources from remote sites.

m HTCondor tokens for daemon authentication
= Singularity for job running environment
m Corsika and KM2A simulation job tests done(LHAASO)

e Job tests on for 3+ months
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Slurm Cluster Status
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IHEP Computing Center

eCPU apps

35000

30000

= Nine apps in total
m 84Kjobs
» 685K CPU*hours .,

25000
20000

15000

eGPU apps

100000

80000

m Six apps in total
m 240K jobs s
= 400K GPU*hours °

60000

40000

Num. of CPU Jobs
||
2020.10 2020.11 2020.12 2021.01 2021.02 2021.03
alicpt heps bldesign Mcac Mcepcmpi Embh MEbio M cepcect
Num. of GPU Jobs
- = B ]
2020.10 2020.11 2020.12 2021.01 2021.02 2021.03
mligpu junogpu higgs ®mliqcd M gpupwa ™ bldesign

Consumed CPU Hours
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Luster Statistics

eMany years in production @IHEP
e Total space > 25PB, 15PB used
e For BESIII,DYB,HEPS...

Lustre I/O Throughput Total Space Used Space

15GBs

woas N R G 25.44 PiB 15.08 PiB 920 Mil

= READ Max: 1 S = WRITE Max: 4.02 li s Space Usage Inode Usage Space Distribution

Lustre Metadata OPS — publicfs

150 K

100 K




EOS Statistics

o4 instances, 3 for physics experiments, 1 for IHEP Box
LHAASO-Beijing 14.5PB 1048 155 Mil 20 Mil
LHAASO-Daocheng 2.5PB 78 44 Mil 4 Mil
HXMT 806TB 13 40 Mil 2 Mil
IHEPBoX 200TB 5 30 Mil 2.5 Mil
e 18PB capacity with 26PB coming soon .
Disk server ~49 12
Number of fs 1144 1: -
Number of files ~266 Mil 6
Number of directories ~10 Mil j . vars
Peak Read throughput >50 GB/s 0
2016 2017 2018 2019 2020 2021
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eMotivation 8
besh02
m Evaluation for JUNO and other possible
experiments |
eTestbed Setu P T b
rosfor MEMET,
» 3 nodes, ready for function test L 3 )

m EOS + CTA + Ceph + mhVTL + PostgreSQL

CTA Administrator Big EOS

eNext
Archive Archive
. . . . "IIE ¢ II|IE =i S 100
m All tests will be finished in June. 2021 W05 D e |s etrve
Big EOS Little E entra
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e CPU: 3048 cores CPU(HEP-SPEC06X1000)
m Intel Golden 6140 2160 Cores 40 i A e 30 A
30
m Intel E5-2680V3: 696 Cores 20 s ® s ® s
10
m Intel X5650 192 Cores o
2016 2017 2018 2019 2020 2021
e Batch: HTCondor-CE
Pledged Offered
e VO: ATLAS/CMS/LHCb/Bellell/CEPC
e DPM: 1055TB DISK(Tbytes)
. . 2000 1750
e 4TB * 24slots with Raid 6, 5 Array boxes 1500
1500 1315 1315 1315 1315
DELL MD3860 8TB*60 slots 1000 940 940 940 940
640 640
DELL ME4084 10TB*42 slots 500
DELL ME4084 12TB*84 slots o
2016 2017 2018 2019 2020 2021
Pledged Offered



=2 New Computing Center @CSNS in 2021 "% %, FaRsm e
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e Funded by local government (Guangdong), for Scientific Computing
e All the devices are from HUAWEI

e ~30,000 CPU cores & 6PB disk storage will be readyn

= 20,000 X86 CPU cores

Logn Fa:m/vl'_‘;PC U;ers

= 10,000 ARM CPU cores

m 100Gbps RoCE network connection

m 5G bps + 100Gbps il \i il
e A remote site of IHEP computing center i @ 1008 3 @.@
m The jobs will be scheduled to this site i i i
e 2021.4 in production | n dtedh || | g’é 18
| openstack SIU!-m | | EHS EIU!T"
i T i i ceanstor T
| %ﬁ% S| | i ool o |

IHEP(Beijing) Center IHEP(CSNS) Center 1 IHEP(CSNS) Center 2
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eWe are facing the huge data challenges, especially for the
photon science experiments

eComputing & storage resources increased according to the
requirements from experiments, distributed/remote sites are
Important

eMore and more network bandwidth is needed for data
movements and jobs schedule
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