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KEKCC: The Largest Computer System
• Linux Cluster + Storage System (GPFS/HSM)

• CPU: 15,200 cores
∘ Intel Xeon Gold 6230 2.1 GHz
∘ 2 CPU/node, 40 cores/node
∘ 380 nodes
∘ 745 HS06/node (@2.1 GHz w/o Hyper-Threading)

• Memory: 87 TB
∘ 4.8 GB/core (80%) + 9.6 GB/core (20%)

• Disk: 25.5 PB
∘ 17 PB: GPFS for experimental groups
∘ 8.5 PB: GPFS-HPSS-Interface (GHI) as an  HSM cache

• Tape: 100 PB as maximum capacity
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KEKCC: Procurement & Subsystems
• Supporting KEK’s leading projects, e.g., Belle/Belle2, ILC, various experiments in J-PARC, and so on.

∘ Rental system: KEKCC is entirely replaced every 4-5 years.
∘ Current KEKCC has started in September 2020 and will be ended in August 2024 or perhaps later.

• Data Analysis System
∘ Login servers, batch servers

￭ Lenovo ThinkSystem SD530, Intel Xeon Gold 6230 2.1 GHz, 283 kHS06 with 15,200 cores (40 cores x 380 nodes)

￭ Linux Cluster (CentOS 7.7) + LSF (job scheduler)

∘ Storage System
￭ IBM Elastic Storage System: 17 PB for GPFS + 8.5 PB for HSM cache (25.5 PB)
￭ HPSS: IBM TS4500 tape library (100 PB max.)

￭ Tape drive: TS1160 x72
￭ Storage interconnect : IB 4xEDR
￭ Grid SE (StoRM) and iRODS access to GHI

￭ Total throughput : 
□ 100+ GB/s (Disk, GPFS)
□ 60+ GB/s (HSM, GHI)

• Grid Computing System: UMD/EGI and iRODS/RENCI
• General-purpose IT Systems: mail, web (Indico, wiki, document archive), CA as well.
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283 kHS06 / 15K cores

Disk: 25 PB

40.5 PB
in use as of Apr 2022

283 kHS06 of CPU
25.5 PB of disk

Max 100 PB of tape capacity

236 kHS06 / 10K cores

x1.2 HS06
x1.5 cores
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CPU Utilisation in the Entire System

Local batch jobs Belle2 jobs are dominant 

3 days out of service for annual safety check
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Transfer Volume from/to StoRM in JFY2021
(Not Including Internal Transfer) 
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4 PB of outgoing data transfer / 5 PB of incoming data transfer



Nearly 4 PB of Belle II raw data
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2019a-b
0.5 PB
6 fb-1

2019c
0.1 PB
4 fb-1

2020a-b
1.5 PB
64 fb-1

Garbage Collection
at the sharp drop-off

2020c
0.8 TB
16 fb-1

2021a-b
1.4 PB

101 fb-1

2021c
0.3 PB
25 fb-1

2022a-b
OngoingWith HLT

Contributes 50%+ spatial reduction
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A List of Grid Services 2021
Service OS VM/Bare metal Ethernet IPv6 High 

Availability
Uninterr
uptable

StoRM (FE/BE/WebDAV) RHEL6 + ELS VM on RHEL8 10GE ✅

VOMS RHEL6 + ELS VM on RHEL8 10GE ✅ ✅

LFC RHEL6 + ELS VM on RHEL8 10GE ✅ ✅ ✅

AMGA CentOS7 Bare metal 10GE ✅ ✅ ✅

Top BDII CentOS7 VM on RHEL8 10GE ✅ ✅

Site BDII CentOS7 VM on RHEL8 10GE ✅ ✅

ARGUS CentOS7 Bare metal 10GE ✅ ✅

FTS3 CentOS7 Bare metal 10GE ✅ ✅ ✅

ARC-CE CentOS7 Bare metal 10GE ✅ ✅

GridFTP (with StoRM DSI) CentOS7 Bare metal 40GE ✅ ✅

CVMFS Stratum Zero CentOS7 Bare metal 10GE ✅ ✅

CVMFS Stratum One CentOS7 Bare metal 10GE ✅ ✅

HTTP Proxy CentOS7 Bare metal 10GE ✅ ✅

as Belle II dedicated
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A List of Grid Services Now
Service OS VM/Bare metal Ethernet IPv6 High 

Availability
Uninterr
uptable

StoRM (FE/BE/WebDAV) RHEL6 + ELS VM on RHEL8 10GE ✅

VOMS CentOS7 VM on RHEL8 10GE ✅ ✅ ✅

LFC RHEL6 + ELS VM on RHEL8 10GE

AMGA CentOS7 Bare metal 10GE ✅ ✅ ✅

Top BDII CentOS7 VM on RHEL8 10GE ✅ ✅

Site BDII CentOS7 VM on RHEL8 10GE ✅ ✅

ARGUS CentOS7 Bare metal 10GE ✅ ✅

FTS3 CentOS7 Bare metal 10GE ✅ ✅ ✅

ARC-CE CentOS7 Bare metal 10GE ✅ ✅

GridFTP (with StoRM DSI) CentOS7 Bare metal 40GE ✅ ✅

CVMFS Stratum Zero CentOS7 Bare metal 10GE ✅ ✅

CVMFS Stratum One CentOS7 Bare metal 10GE ✅ ✅

HTTP Proxy CentOS7 Bare metal 10GE ✅ ✅

as Belle II dedicated

Migrated and IPv6 
ready Sep 2021Decommissioned 

Dec 2021

Service in Migration

New ARC instances 
replaced Dec 2021
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Spring 2021

10

Border of
ONLINE and OFFLINE

Online storage

Offline front-end 
storage
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Sequentially 
Migrating 2022
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Sequentially 
Migrating 2022
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LHCONE/IPv6 Spring 2021

• Different path between 
IPv4 and IPv6
• Not able to advertise the 

IPv6 route path for 
LHCONE because of the 
memory space 
constraint (TCAM) on the 
central network switch.
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Nexus 9516

IPv4
IPv6



LHCONE/IPv6 Summer 2021

• Different path between 
IPv4 and IPv6
• Currently, we are not 

advertising the IPv6 route 
path for LHCONE 
because of the memory 
space constraint (TCAM) 
on the central network 
switch.

April 25, 2022 HEPiX Spring 2022 Online Workshop / Go Iwai (KEK) 14

Nexus 9516

IPv4
IPv6

Fix
ed
!



SINET6 Began in April 2022
• 400G nationwide backbone

• 100G x2 for LA and NY in the US
• 100G for Guam, Micronesia islands, 

and Singapore as well
• Another 100G Siberian line for 

Amsterdam will come 2024

• No significant issue with switching 
SINET5 to SINET6
∘ LHCONE/IPv6 has been 

disconnected during working on the 
primary line because no BGP for a 
backup line
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https://www.sinet.ad.jp/en/aboutsinet-en
https://www.sinet.ad.jp/en/aboutsinet-en/interconnectivities

https://www.sinet.ad.jp/en/aboutsinet-en
https://www.sinet.ad.jp/en/aboutsinet-en/interconnectivities


Conclusion

• A classic service LFC has been successfully decommissioned in 
December 2021 after Rucio (BNL) took over its role in January 2021
∘ The DB backup and logs on the service are secured and preserved by the 

end of the current KEKCC contract

• ARC-CE is now on the right package, no more epel version
∘ Some minor issues to be fixed

• Almost ready with fully IPv4/IPv6 dual stacking for Grid services
∘ The rest of non-dual stacking service is StoRM

• StoRM is sequentially migrating on newer Middleware/OS/Hardware
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Thank You!

Acknowledgement
Nice pictures of KEKCC 
given by K. Murakami (KEK)



Belle II Collaboration
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26 countries/regions
121 institutes

1,152 researchers

A Global Collaboration
as wide as an LHC experiment

EU
44%

Asia 22%

Japan
15%

US
15%

Russia



LHCONE Transfer Volume: KEK to Outside
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LHCONE Transfer Volume: Outside to KEK
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The Goal is x160 more: 50 ab-1 by 2029 
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~8E35cm-2s-1

~50 ab-1

The Raw data for
50 ab-1 doesn’t correspond 
to 640 PB

Currently recording 
unnecessary SROOT data 
with HLT, which contributes 
50% or more data reduction

Unnecessary SROOT will be 
dropped after the coming 
Long shutdown (LS1) 4 PB for ~0.3 ab-1



WebDAV TPC by June 2022
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Courtesy of S. Pardi: http://people.na.infn.it/~spardi/tpc-davs-latest.html

Note: Not intend to entirely drop the X.509 authentication

http://people.na.infn.it/~spardi/tpc-davs-latest.html


Miscellany
• ARC-CE

∘ Initially installed from epel repository
∘ Deployed another instance obtained 

from a right place, i.e. UMD, then 
replaced epel-ARC, to send the 
accounting reports through Argo 
Messaging Service (AMS)

∘ Minor issues:
￭ Can not disable TLS version 1.0 or 1.1

□ v6.14.0 can disable it
￭ LSF plugin sends huge amounts of 

queries to LSF master service like DDoS
□ Deliver the static job information file as a 

temporary solution
□ Required to write a module in Perl as a 

permanent solution

• A new project, muon g-2 
experiment, has been launched at 
the J-PARC
∘ Construction phase by 2026
∘ VOMS*1 / CVMFS*2 in service for g-2 

experiment
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[1] https://voms.cc.kek.jp/voms/mug2ej.kek.jp
[2] http://cvmfs-stratum-one.cc.kek.jp/cvmfs/mug2ej.kek.jp

https://voms.cc.kek.jp/voms/mug2ej.kek.jp
http://cvmfs-stratum-one.cc.kek.jp/cvmfs/mug2ej.kek.jp

