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Brief  Introduction 
⚫ 49K CPU cores, 210 GPU cards to for more than 10 experiments

⚫ HTCondor cluster runs for HTC jobs (35K CPU cores)

⚫ Slurm cluster runs for HPC jobs (10K CPU cores + 210 GPU)

⚫ WLCG tier2 sites (3720 CPU cores)

⚫ 68.8 PB disk storage, 62.2 PB tape storage

⚫ Lustre (30.4PB, POSIX)  and EOS (38.4PB, XRootD)

⚫ Castor for tape storage (39.2PB)

⚫ EOS CTA for tape storage (23PB)

⚫ Network

⚫ IPV4/ IPV6 dual stack

⚫ Ethernet / IB protocols supported

⚫ LHCONE member

⚫ WAN Bandwidth: 40Gbps (LHCONE 20Gbps)
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Chinese local or IHEP driven experiments

International collaborated experiments 



BEIJING-LCG2 Tier2
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⚫ CPU: 3720 cores
◼ Intel Golden 6338:  640 Cores
◼ Intel Golden 6238R: 672 Cores
◼ Intel Golden 6140: 2160 Cores
◼ Intel E5-2680V3: 696 Cores 
◼ Intel X5650: 192 Cores

⚫ CE & Batch: HTCondorCE & HTCondor

⚫ VO: ATLAS, CMS, LHCb, BelleII, JUNO，
CEPC

⚫ DPM: 1750TB
⚫ 4TB * 24 slots with Raid 6, 5 Array 

boxes

⚫ DELL MD3860 8TB * 60 slots

⚫ DELL ME4084 10TB * 42 slots

⚫ DELL ME4084 12TB * 84 slots
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HTCondor/dHTC

⚫ Job Statistics (since October)

⚫ Total Job Number: 123,766,324 Jobs

⚫ Total Walltime in hours: 141,594,527.9 CPU Hours

⚫ Total resource utilization: 92.2%



HTC Cluster Extension
⚫ Most of HTC jobs are submitted to the job entrance of local cluster
⚫ By Glidein way, the HPC Cluster and a remote site are extended to the local cluster

⚫ The main purpose is to not affect the user's habits

HPC Cluster Remote ClusterHTC Cluster
HTC jobs HTC jobs

Glidein Factory

Produce 
Glidein Jobs

Produce 
Glidein Jobs



Slurm Cluster Status 

⚫ Resources:

⚫ 228 worker nodes

⚫ ~ 10K CPU cores, 210 GPU cards

⚫ 9 CPU APPs, 10 GPU APPs

⚫ Job Statistics (since October):

⚫ 161K CPU jobs, 798M CPU Hours

⚫ 263K GPU jobs, 626K GPU Hours
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Disk Storage: Lustre
⚫ Software: community Lustre (2.12.5)

⚫ 20 instances(+2 new , -1 retired ), 17 experiments

⚫ +4PB capacity, +200M files 

⚫ Read:  9.6 GB/s avg, 18.8GB/s peak

⚫ Write: 103MB/s avg, 1.2GB/s peak

⚫ Metadata OPS: 26k avg, 251k peak
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Disk Storage: EOS

⚫ 5 instances，4 for physics experiments, 1 for Box

⚫ Main data storage for LHAASO and JUNO

Raw Capacity ~ 44 PB

Disk server ~109

Number of fs 1144

Number of files ~523 Mil

Number of directories ~13 Mil

Peak Read throughput ~80GB/s
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Tape Storage: EOS CTA
⚫Evaluation: late 2020

⚫ Building, deploying, maintaining, workflow,

benchmarking

⚫ Production: late 2021

⚫ Serving LHAASO, DYB, YBJ, HXMT and BESIII 

⚫ JUNO and HEPS in plan

⚫ System Setup

⚫ One central CTA frontend and Two EOS instances

⚫ 5 Tape Servers for BES & LHAASO

⚫ 2 Tape library with 20 LTO7 drives

⚫ Current Status

⚫ 8.1 PB used / 23.9 PB in total

⚫ Data migration from Castor to CTA undergoing
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Network 
⚫ Upgrade the bandwidth between IHEP and CSNS

⚫ To support future JUNO raw data transferring

⚫ Bandwidth 5Gbps → 10Gbps

⚫ Upgrade data center network

⚫ Backbone bandwidth: 160Gbps → 800Gbps

⚫ Added 25G TOR switches: count (14 → 19)

⚫ Peak traffic of IHEP WAN

⚫ Incoming: 16.14Gbps

⚫ Outgoing: 14.58Gbps
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Adaptive Bandwidth Adjustment of  IHEP’s LHCONE Egress 

⚫ Background
⚫ Eu-Link bandwidth bottleneck
⚫ from CSTNET to GEANT   
⚫ 10Gbps ( IPV4/6 shared )
⚫ multi-project shared

⚫ Traffic increased from other institute

⚫ Adjustment – traffic control
⚫ LHCONE physical uplink + Port traffic shaping
⚫ Eu-link’s traffic data(in/out) pushed by CSTNET

⚫ Effects after the adjustment
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Actively limit bandwidth to avoid other projects traffic Make full use of bandwidth and maintain the upper limit water level

Eu-Link(CSTNET~GEANT)



Integration of Authentication
⚫ LDAP was created for IHEP public 
service user authentication in 2014

⚫ Kerberos5 was used instead of Kerberos4 
for IHEP computing cluster user 
authentication in 2019

⚫ IHEP cluster account information was 
integrated into IHEP LDAP in 2021

⚫ IAM test bed for JUNO experiment at 
IHEP has already deployed since the end 
of 2021.
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Anomaly detection of  Lustre I/O behaviors
⚫ With a data-driven tool based on Isolation Forest,  abnormal jobs can be automatically tagged 

⚫ Faster workload back trace, from hours to minutes 

⚫ Jobs can be sorted by I/O metric value and ML predicted abnormal score

⚫ ~10 Lustre instances have been added to the system  

ACAT 2021 presentation 

https://indico.cern.ch/event/855454/contributions/4605258/


R&D: Applications on ARM
⚫ The largest ARM computing cluster in HEP at DongGuan Guangdong
⚫ Huawei Taishan 200K server with Kunpeng 920 CPU

⚫ 100 worker nodes & ~10K CPU cores

⚫ 100 Gb RoCE interconnection

⚫ LQCD (Lattice QCD): Optimization and testing
⚫ Optimizing the MPI communication process

⚫ Porting Multigrid algorithm to replace BiCGStab

⚫ Better performance on Taishan than Intel Xeon Gold 6248R 

⚫ Corsika (Air Shower Simulation Program): Porting and testing
⚫ 5000 Corsika simulation jobs

⚫ X86 takes less time to complete the same number of jobs, but requires more servers
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Taishan 200K server

↓199% ↑169.2%



R&D: Quantum Computing Simulation Platform
⚫ A distributed heterogeneous interactive platform  

⚫Assist to explore quantum algorithms in LQCD , BES, LHAASO , CEPC …

⚫ Scientific objectives

⚫ Current Status

⚫ Jupyter-based interactive developing & analysis platform

⚫ 20 qubits for interactive jobs

⚫ Supporting simulators: Qiskit, Cirq, D-Wave Solover…

⚫ CPU based & GPU based containers

⚫ Shared and persistent storage

⚫ Unified User Authentication

⚫ Drag-and-drop programming interface (under developing)

⚫ A web portal for education and research (in preparation)

⚫ Porting simulators like Qiskit to ARM or AMD GPU platform

Quantum Computing 
Infrastructures

Computing and 
Simulation Applications

Collaboration with 
industries & institutes

Education and Training
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https://quantum.ihep.ac.cn



R&D: Progress for HEPS 
⚫HEPS, High Energy Photon Source, will be put into service in 2025

⚫ Computing & Communication system (HEPSCC)

⚫ Network, Computing, Storage, Data analysis framework,  
Data management, Database & Public Service , Monitoring,  Security

⚫ Continuously pushing forward R&D of HEPSCC system

⚫ Data analysis framework(Daisy)

⚫ Daisy workbench(IDE and user GUI base on PyQt) is released

⚫ Integrate methods and algorithms: Tomopy, UFO, pyFAI, Mocupy

⚫ Develop HEPSCT interface of Daisy Cloud based on jupyterlab

⚫ Data management system

⚫ develop data management module for 3-Tiers data storage

(beamline storage → Central storage → Tape)

⚫ Data transfer module moves data between 

different storage media automatically 
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R&D: Opendata & Data Collection
⚫ IHEP launched Opendata work group at HEP scientific data center since Feb, 2022.

⚫ Focus on the openness of HEP experiment data, including published data,  educational data, 
reconstruction data and raw data.

⚫ Follow the experimental data management policy in the collaboration

⚫ Discuss with Dayabay and LHAASO collaboration about the open data policy refer to the CERN
open data policy

⚫ Early this June, Dayabay will launch the Level 1 open data

⚫ LHAASO is preparing open data policy

⚫ Data Collection at HEP scientific data center 

⚫ Mainly for HEP and the related fields in China

⚫ Collect the science data from the HEP experiments  and government-sponsored research projects 

⚫ Made the data collection policy and the operating flow: has collected  ~270TB 

⚫ Share the data in accordance with the data policy
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Summary 
⚫ New platforms/systems are in progress to satisfy new requirements
⚫ HTC Extension

⚫ Adaptive Bandwidth Adjustment of IHEP’s LHCONE Egress 

⚫ Improved support systems and tools are developed for better services

⚫ Integration of Authentication

⚫ Anomaly detection of Lustre I/O behaviors

⚫ ARM computing cluster

⚫ Quantum Computing Simulation Platform

⚫ Daisy & Data management system of HEPSCC

⚫ Opendata & Data Collection
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Backup: Grid Sites: WLCG & DIRAC
⚫ Resources and operation: (10/2021-03/2022)
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ATLAS CMS LHCb BelleII JUNO

CPU cores 444 444 1680 576 576

Storage 400TB 684TB 378TB 280TB 820 TB

Jobs 192k 1,427K 744.8K 120K 79.6K

CPU times 1,233k hours 955K hours 6184.4K hours 894K hours 11.4K hours

Upload 478TB 135 TB 2.56PB 56.3 TB 275 TB

Download 742TB 199 TB 41.2TB 954 TB 91.9 TB


