GSDC: Datacenter for
Data-Iintensive Research

Ahn, Sang-Un




KISTI

Korea Institute of Science and Technology Information

e Government-funded research institute founded in
1961 for national information services and
supercomputing

Map of KREONET 2023

esearch Environment Open NETwork

* National Supercomputing Center

* Nurion - Cray CS500 system

» Upgrade (every 3y)
v' complete on next JUNE
v' Bandwidth : 930Gbps to 6Tbps
v Each node : n*10G to over 200Gbps

e 25.7 PFlops at peak, ranked 11th of
Top500 (2018) = 46th (Nov 2022)

* Neuron - GPU system, 1.24 PFlops
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v' complete on next JUNE
v' Bandwidth : 350Gbps to 510Gbps
v' New Singapore PoP

¥ Global 100G ring




GSDC

Global Science experimental Data hub Center

NETM=KO

 Government-funded project, started in 2009 to
promote Korean fundamental research through
providing computing power and data storage

ANSIBLE

« Datacenter for data-intensive fundamental
research

* Preserving data from domestic or overseas
large and complex scientific instruments as
well as bio-medical and simulation-R&D
activities

* Providing services based on technology
development: distributed computing structure,
high availability storage system, infra
integrated management, disk-based custodial
storage




Supporting Experiments

wWLCG

Heavy-lon Physics Worldwide LHC Computing Grid

Elementary Particle Physics
WLCG Tier-1 (2014)

WLCG Tier-2 (2018)

Compact Muon Solenoid

Elementary Particle Physics

Astrophysics B2G Tier-2 (TBD)

LDG Tier-2 (2019)

Neutrino Physics

Medical Science RAW Storage

ICGC-ARGO Center o2 TR

Structural Biology using Cryo-EM/XFEL
Data Storage & Analysis Pipeline




Role of GSDC for Data-intensive Research

KISTI-GSDC

Data
Comp. Env.

Constructing
Facility
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Experiment

CERN(EU) | LIGO (US) | KEK (JP) -
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Large-scale Facilities

Data Computing for Basic Science as a Service

Requirements by experiments/community -
Data Computing Research Environments
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WLCG Tier-1 @ KISTI-GSDC

Flagship Service for Data-intensive Computing

« AWLCG Tier-1 in Asia for the ALICE experiment

Number of jobs at KISTI_GSDC
* Contributing about 10% of T1 resource requirements of ALICE

 More than 2% of total (TO+T1+T2+AFs) resource requirements of ALICE
 CE

« HTCondor-based, whole-node submission enabled (for N-core jobs)

« SE

 EOS based disk storage

e Archival SE : CDS, the disk-based one powered by EOS

-] =2 4+ 8 =16 64 - SUM

* Networking
« LHCOPN : 20G dedicated link between Daejeon (KR) and Geneva (CH)
« LHCONE : 100G provisioned by KREONet connecting to EU, US and Asia (SG/HK)



KISTI ALICE T1 Structure Overview

WLCG CRIC

Simulation Organised Analysis

Reconstruction User Analysis

. Job
bublish Accounting
Data
CERN
HTCondor-CE
allocation submission

scheduling

Job Broker

real-time data transfer (> 25Gb/s required) Archival

80 PB
Erasure-Coded storage
ALICE 02
Detector S0PB/yr O2 Buffer
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WLCG Data Challenge 24

CDS Participation as a Tape

 Transfer of real Pb+Pb data collected in 2023, 34PB in total
 1PB of data being transferred after the challenge, ETA end of March

SEs average transfer rates

Tuning phase DC24 Period

Target: 0.2GB/s
Tuned to 0.23GB/s

Exercised 1.1GB/s Steady state

1.074 GBJs

1.025 GB/s

1000 MBJs 4

950 MBJs |

900 MBJs

850 MBJs -

800 MBJs -

750 MB/Js

Transfer speed

400 MB/s
350 MB/s -
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Centre

Target rate

Average

GB/s achieved GB/s

CNAF 0.8 0.98 (+20%)
IN2P3 0.4 0.6 (+40%)
KISTI 0.2 0.25 (+22%)
GridKA 0.6 1.12 (+90%)
NDGF 0.3 0.35 (+15%)
NL-T1 0.1 0.25 (+150%)

RAL 0.1 0.58 (+500%)
CERN 10 14.2 (+40%)

Total 1PB

Pb+Pb data transfer continuing
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LHC Networking - OPN

Dedication to LHC Raw Data Transfer between TO and T1s

LHCOPN Map of KREONET2 2023
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 20Gbps dedicated links from Daejeon to Geneva
provided by KREONet2 with its 100Gbps lambdas W
* Primary optical fibers: Daejeon-Chicago-Amsterdam-Geneva T | e
(Backup links through Daejeon-Seattle & GLORIAD-consortium)
 KREONet2 directly reaches Geneva from Amsterdam PoP
» Provisioning of 100Gbps by end of LHC RUN3 or * Upgrade (every:3y)

v" complete on next JUNE
before the start of HL-LHC (RUNA4) 7 e 350Gbps to 510Gbps

v" New Singapore PoP
v Global 100G ring

Guam

KREONet2

KREONet2 100G
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(Asia Pacific Oceania Network)

@
New Zealand
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(Americas Lightpaths Express &Protect)

KREONet2/GLORIAD- KR Global R&E 100Gbps Network

Global Ring Network for Advanced Applications Development




LHC Networking - ONE

Towards full mesh reachability among Tier sites for Big sciences

LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle Il, Pierre Auger Observatory, NOvA, XENON, JUNO)
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4 GEANT and CANARIE have shutdown the peering between their
as a result of the Ukraine war.
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* Our Policy : allow transit

* Policy that allows transit via KREONet2 resolves
missing connections in Asia-Pacific region



About KISTI CMS Tier-2 o kit

KISTI CMS Tier-2
WLCG Tier-2 site for CMS experiment

KISTI CMS Tier-2 focuses on providing
resources for CMS experiment rather than

supporting domestic users

* Due to the presence of separate CMS Tier-3 site
(T3_KR_KISTI)

* CMS Tier-2 History

2017 Mar. : Register as an EGI site (KR-
KISTI-GSDC-02)

2017 Aug. : Register as a CMS Site
(T2_KR_KISTI)

2017 Sep. : Enable CMS PhEDEX Link
(Joining CMS Data Transfer system)

2017 Nov. : Starting CMS T2 Testbed after
passing the SAM test stably

2018 Apr. : KISTI-CERN MOU Signing
Ceremony for CMS Tier2

Bapes Spakre. HTCma

T3_KR_KISTI e

| - ol 'i - \ ,
GERN MOU Sipn';‘feremonv =8

= — j
[ p | A
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HTCondor CE (condor-ce.example.com) HTCondor (pool.example.com)
condor-ce submitter Central Manager
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|
|
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|
|
|

)
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— 1,424 logical cores e et con
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— RAM 3,000MB per core 308 RourER. ScHEDDS.PO0L = \

: pool.example.com
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| CONDOR_HOST = pool.example.com
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| IMPERSONATE = .*

CONDOR_HOST = pool.example.com

- SE dcaChe XRootD

Gridftp WebDaV  4pNFS

* 1 SAN + 1 JBOD o
Movers Restores Stores P2P-Scrver T2r-Clicnt queue ftp quens webdav caular
DamainNa
AnSame Active  Max  Queued  Active  Max  Quewed Active  Max  Quemsd  Active  Max  Quemed  Active  Max  Quened  Active Max  Queued  Active Max  Queued  Active  Max  Quened
+ OO S oea 532 12620 ( ) D 0 0 120 a 2 270 0 51 1300 0 579 on 0
0 0 o o 10 0 1 0 0

0 ) 0 1
SAMPoul dCacheDumain 100 0 0 0 0 0 0 L 1 1 100 )
| cm2wal0SSNFSPeol | casQwol0SSNFSPoolDemsia | 53 | L20 | 0 0 | o o 0 T o | o 20| o | & J100] o w0 0
Sel.y £ S AN 42 an | 0SS5 AN 5 1 29 11211 i I b o o o 11l 0 £ { 20 I} -] W i 74 ] ]

. P r O t O C O I cms-22-wn1056-1bad Poal I cms-t2-wn1is6-Jhod#nol-Domain n 1nzu | i L | [}] o I o o l m a a i 20 " [ 4 10 u S3 1000y a I
cms-2-wnl056-NFSPeol cm:-t:-wnlmﬂ ] [ [ o 0 o [ [ a i 2-0 [ 4 100 ] LE] 1000 a
| cms-walOST-NFSPool | cms-2-wnl0ST-NFSPookDomain 47 | 20 | 0 ) [ o o 0 o 10 o 0 o [20] o [ 7 [w| o 0 100 0
. cms-12-%a1058-NFSTool cans-2-w1036-NFSPool-Domala 27 | uw | o 0 . 0 0 o |10 o 0 o |20 o 3w o 4 100 0
— X RO Ot D G rl d FT P ( + S R M ) p N F S | cmst2wal0S9NTSPool | cons2.wal039.NISPaol Demiia 2 | ue | o 0 | o o | 0 o |10 o o it 2| o | 4 || @ 51 e o
, , , s 12 wal 050 NISPeol cans L2.wnl 060 NI'SPoul Deansin | 38 LLz0 0 o | o o ( 0 10 0 a o 20 0 B 100 | 0 54 1000 | )
| e 2walOSLNTSPeol | cans(2-wnl061-NTSPoul Duausin ® | un| o 0 | e o 0 o [0 o 0 o (20| o | a4 [0 o M 10 o
ems-12-an 1 062-NFSPool ems-r2-wn 1 062-NFSPaol-Domain £ 1220 0 " 0 n 0 o n a a 1 20 i 7 200 | in 1000 1
We b D AV ems-42-an1063-NFsPaol cms-r2-wn 1 63-NFSPaol-Domain 64 1220 i L ] ] o o m a a i 20 " i 200 u 6l 1000y a

J J J J . J J U d

o EtC. Disk Space Usage
« Report: Site-BDII, APEL

SAMPool dCacheDomain 20437 2235 0

- - cms-t2-wnl1055-NFSPool cms-t2-wn1055-NFSPool-Domain 153411227 17300985 0

. C a C h e ] F r O n t I e r- S q u I d cms-t2-wn1055-SANPool cms-t2-wn1055-SANPool-Domain 209700851 19690480 0
™ cms-t2-wnl056-JbodPool cms-t2-wn1056-JbodPool-Domain 209701127 46015112 0

cms-t2-wn1056-NFSPool cms-t2-wn1056-NFSPool-Domain 156237393 27518364 0

cms-t2-wn1057-NFSPool cms-t2-wn1057-NFSPool-Domain 155410193 24222341 0

. C M S A A A cms-t2-wn1058-NFSPool cms-t2-wnl1058-NFSPool-Domain 157334211 31456040 0
cms-t2-wn1059-NFSPool cms-t2-wnl1059-NFSPool-Domain 153104766 17118567 0

cms-t2-wn1060-NFSPool cms-t2-wn1060-NFSPool-Domain 156306536 24808777 0

—_— 1 X Sta n d a I O n e X RO Ot D S e rve r cms-t2-wn1061-NFSPool cms-t2-wn1061-NFSPool-Domain 153410384 17472478 0
cms-t2-wn1062-NFSPool cms-t2-wn1062-NFSPool-Domain 165907738 63526508 0

0

( d 1 09 5 1 09 ) cms-t2-wn1063-NFSPool cms-t2-wn1063-NFSPool-Domain 161830347 48410457
Forwar -> 4

Compact Muon Solenoid

Dr. Ryu, Geonmo




T} Beriegees KISTI CMS Tier-2 Site Report oI eI ZADIRKISTI

KIS
S SLIDE TITLE

CMS Tier-2 Infrastructure p, Storage Usage
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~

O Computing : 712 cores (~15 kHS06) | ODisk 1,761 TB (Usage 75.7

Job Activities Y, — Data Transmission

Efficiency matrix - by Experiment_Site (ES) v p 0 I STI Ti e r_ 2 D at a Li n k

Src_exp_site\Dst_exp_site T2_KRKISTI

TP : : | -Tier-Olink : 1
~1.15 million jobs during this year - Tier-1 link : 7

T1_ES_PIC 13%

T1FR_CCIN2P3 % N Tier'2 Iink . 46

- -
0y L
- Tier-3 link : 5
T1_UK_RAL 58%

T1_US_FNAL 83%

200 K T2_AT Vienna 62%

T2.BEIHE 62%

150K

Volume Transfered / Number of Transfers

Data Traffic O— «=

i)
100K 8
(0]
300TB °
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E c
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w“ S| ©
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200TB — o
= I
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o
3 gl 2
S of =
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L
- Eew
— e i l . I . i . Average:68TB/month§m
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== Analysis Cleanup LogCollect == Merge == Processing == Production = cms

Dr. Ryu, Geonmo
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CMS

Site
T2_FR_GRIF_IRFU
T2_RU_JINR
T2_DE_DESY
T2_HU_Budapest
T2_IT_Legnaro
T2_DE_RWTH
T2_UK_London_IC
T2_FI_HIP
T2_US_Wisconsin

T2_KR_KISTI

T2_US_Caltech
T2_CH_CERN
T2_PT_NCG_Lisbon
T2_FR_GRIF_LLR

T2_UK_London_Brunel

WLCG Tier-2 Service Availability / Reliability

Reliability
Overall in 2023
93.51%

Monthly target of WLCG : 95%

CMS Tier-2 Availability/Reliability

Availability

94.20%

098.74%

98.69%

98.39%

98.08%

97.89%

08.40%

98.33%

98.14%

97.42%

97.59%

96.86%

97.40%

97.20%

Availability

Reliability v

Overall in 2023
94.35%

2719t 201 9st
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00.11%

98.74%

98.69%

98.56%

98.53%

98.41%

98.40%

98.38%

98.14%

97.67%

97.59%

97.42%

97.42%

97.23%

Compact Muon Solenoid
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 GSDC-LDG (LIGO Data Grid), a gravitational wave data
analysis computing environment at the request of the Korea
Gravitational Wave Research Foundation (KGWG) in 2010.

* In 2019, the International Gravitational-Wave Observatory
Network (IGWN) computing environment was established.

* Currently, the GSDC-LDG system operates as an
iIntegrated system that can be used simultaneously by

global and domestic users.

LIGO

Dr. Bae, Sangwook
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2010 2011
GSDC-LDG 2012 200 core, 100TB
Service Start - 24 core, 5TB - 80 core, 5TB - HTCondor
- HTCondor - PBS
- 420 core, 150TB
2013 - HTCondor
2016 2015 2014 420 core, 150TB
- 864 core, 550TB 2017 - HTCondor
- HTCondor - 864 core, 340TB - 636 core, 150TB
- HTCondor - HTCondor
- Puppet, forman
- 996 core, 550TB LIGO| \/C Computing Resources 9@
- HTCondor 2018 s i el 0SS o s
- Added RAM (minimum 7266 s o
906 core, 550T8 2019 2020 2021 .
- Enabled Tier2 Service 201 9 I—VC Meetmg
- HTCondor, HTCondor CE - 996 core, 550TB - 996 core, 550TB
- Added 3 GPU Server (with P40 3 GPU Cards) HTCondor - HTCondor
Dr. Bae, Sangwook - Added 3 GPU cards



T GSDC-LDG Overview e

/ \

: Idg-ui.sdfarm.kr
Tier3 Job N Idg-z:m.sdfarm.kr
(HTCondor)
User Open Science Grid
Idg-t2-ce.sdfarm.kr
Idg-ce.sdfarm.kr
(HTCondor-CE, HTCondor)
'IGO Data Grid Job
w RA 550TB ‘996cores
17
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LIGO KAGRA

KAGRA Data

osg | LIGO Dat
ata TierQ

condor

~ HTCondor CE |

Batch System : HTCondor

| oo

condorI cvimfs ]

Worker Nodes l oy

— ‘ Storage

Ul
Authentication

Proxy
Bae, Sangwook

Computing Resources Storage Resources
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» Computation Resource

996 72GB X 27
Work Node (66 servers) 96 GB X 33
384 GB X 6
Ul CE,LGM LDAS,LDR o0 24GB X 5
(5 servers)
Total 1056 7416
Work Node
(GPU) 3 Servers 6 GPU Cards (P40)

» Storage Resources

Mount on Size Used Avail Use Total
LIGO /data/ligo/ 400T 250T 151T  63% @ pool0.gsn.sdfarm.kr:/ifs/service/ligo
KAGRA /data/kagra/ 150T 76T | 75T  51% pool0.gsn.sdfarm.kr:/ifs/service/kagra

Dr. Bae, Sangwook 19



Available CPU Resources

~ |HOST NAME MIDDLEWARE [0S

CE Dbelle-ce2.sdfarm.kr HTCondor-ce CentOS 7.9

Dell R640
WN belle-wn[2201~2206].sdfarm.kr HTCondor

= New system has been in operation since July 2022.

Spec. of WN
# of WN : 6 nodes
# of cpu/node : 2
# of core/cpu : 18
HyperThread ON
# of Logical core/node : 72
Total jobslots : 432
Memory size per node : 384GB
Memory size per job slot ~ 5.3GB
Disk space per job slot : 10GB

VALV ELV VIV VIRV LV LY.

= HEP-SPECO06
> CPU : Intel Xeon Gold 6245 @3.10GHZ < D

> HS06/node : 942.76 </

=~ TOTAL : 5.7K HEP-SPECO06 Belle IT

Dr. Yeo, llyeon

KISTI-GSDC 20



DEDICATED STORAGE

= SE Status
= OLD System(Operating) : 100 TB SAN Storage

______HOSTNAME _____|HW____MIDDLEWARE _0S_____

Head belle-se-head.sdfarm.kr SL 6.6
Node
. . Dell R610 DPM
Disk belle-se-disk01.sdfarm.kr
Node

=~ NEW System(will be introduced by May) : 100TB NAS Storage

_______HOSTNAME ___|HW____MIDDLEWARE 0S ____

Head Dbelle-se2-head.sdfarm.kr CentOS 7.9
Node
Disk belle-se2-disk01.sdfarm.kr DNl R640 dCache
belle-se2-disk02.sdfarm.kr
Node (-D

<[O

Belle II

Dr. Yeo, llyeon
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Supporting Domestic Research

Providing data storage, analysis pipeline and access

* Adapting the knowledge learned from operating Grid facilities to domestic region

* Dedicated optical links provided by KREONet for efficient data transfer and sharing

> No need to move data by using external drives and overseas delivery

PAL
L./

4 ) > No need to own and maintain private cluster at individual labs

PAL-XFEL

* Data analysis pipeline running on compute clusters

NN

iif
|

mll////
PERMENT
&, X 4/:,% ’ "
f /
‘;‘&( D
-y

v
HUA
|
q

* User access to data and analysis pipeline without geographical constraints

= Significant reduction of time in research activities

Data Analysis Pipeline

ccrajoers ' eusn ¥ nton J it J oo
Cheetah CrystFEL Geant40 cryoSPARC
INg e/MPI Job:

Yeonggwang A “%'}Pusqn 8 Data Access
' o L3 | H
h National Univ. : : ' ) Communities
- Ok | ) | f 7 @ == oweranser il Ca)
6 - Cryo-EM ,‘ .
N Computing ¢------- - Storage
Q Nodes Raw & filtered Data
J g& Q

Large Scale Research Facilities Computing & Data Hub User Access

Dr. Bae, Sangwook, Dr. Na, Sangho & Dr. Yu, Junglok
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Fully Containerized EOS Storage
Automated Deployment via Ansible Playbook

* Targeting to Podman(EL9)/Docker(EL7) Container Runtimes
» Systemd controlled Container operation (run|rm) with parameters

Custodial Storage Disk Storage
A
ALICE::KISTI_GSDC::C A E] WG ALICE::KISTI_GSDC::EOS

T x3 QuarkDB Physical ) scheduling :
Niraq x8FST Server o strpes group | ‘, o o
— { ] FST FSTFST FST FST FST FST FST m | or ! will MQ Q0B \5X3
B | S RN - FST QDB MQ P———
CentOS 7.9 MQ . A A - SN 2 T W T CentOS 9 Stream ¥ Hypervisor
DISK |DISK DISK DISK .. DISK DISK DISK DISK DISK DISK DISK DISK <« AlmalLinux 9.3 —
DISK | DISK | DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK x86 Server Etherr?et Enterpri
prise
x4 40Gbps ’ x4 40Gbps < Mid-range
bonding i x86 Server ¥ g DISK |DISK | DISK DISK .. DISK DISK DISK DISK DISK DISK DISK DISK bonding x86 Server . X5 Storage
Yr s e pe 3 ! FST < Usable 2PB
18PB Raw < DISK |DISK | DISK DISK ... DISK DISK DISK DISK DISK DISK DISK DISK «—12TB = . SAS HBA s o Vo o
: g SAS HBA ® Disk Enclosure [
12PB Usable | Disk Enclosure | 12Gbps IV DD TEny 12Gbps x86 Server CentOS 7.9
QRAIN __ HW RAID6 8Gbps
\ T T Usable 4.5PB — : W FC Channels
Disk Enclosure 8 | | DISK|DISK | DISK DISK .. DISK DISK DISK DISK DISK DISK DISK DISK Q Disk Enclosure el —
Xg \ (- — )\ — 7 \\ ~ J X3 \/
@f Container-based 12 Data 4 Parities 2 Spares Container-based Existing Instance

 Disk-based Raw Archive storage for ALICE in production since 2021 deployed using Docker Container « Transparent transition of MGM and QuarkDB clusters from VMs to Containers

 Comparable level of data protection provided by QRAIN Layout (12 stripes + 4 parities + 2 spares) « EOS upgrade from 5.1.22 to 5.2.16 for existing setup, FMD migration from LevelDB completed beforehand
* Successful upgrade to v5.1.22 from v4.8.82 (May 2023) « Expanded to 6.5PB
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