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KISTI

Korea Institute of Science and Technology Information

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

 |Information Services: ScienceON, NTIS, etc.
* National Supercomputing Center
* Nurion - Cray CS500 system

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

* Neuron - GPU system, 1.24 PFlops

e KREONet/KREONet2 - National/International
R&E network

Map of KREONET 2023

esearch Environment Open NETwork

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

Conducting
Experiment

CERN(EU) | LIGO (US) | KEK (JP) -

~ '- KBSI (KR) | PAL | RENO

Large-scale Facilities

Data Computing for Basic Science as a Service
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Data Computing Research Environments
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WLCG Tier-1 @ KISTI-GSDC

Flagship Service for Data-intensive Computing

 The only WLCG Tier-1 in Asia for the ALICE experiment

 Small (compact) but contributing about 10% of T1 resource requirements of ALICE

* More than 2% of total (TO+T1+T2+AFs) resource requirements of ALICE Num bse of lobsiat STI 98¢

« CE

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

« SE

Number of jobs

» XRootD/EOS based disk storage

00000

 Archival SE : CDS, the disk-based one powered by EOS
« Networking R S e Dl e S '@

|+1-+16 2-esum|

« 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

To be doubled
with new clusters

WLCG CRIC

Simulation Organised Analysis

Reconstruction User Analysis

' Job T e e —— |
bublish Accounting | HTCondor
Data
CERN
HTCondor-CE
allocation submission scheduling

>

Job Broker

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

80 PB
Erasure-Coded storage
ALICE O2
Detector S0PB/yr O2 Buffer
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Storage

LHCOPN

20Gb/s

KISTI-CERN 20Gbps
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I RAW =18 PB [

NL-T1 NL-T1 NDGF

Tape Library decommissioned
Nov. 2021

To be replaced by 71ape Buffer
JBOD storage



CDS in one slide
WLCG Data Challenges (Oct 2021)

Preparation for LHC RUN3 raw data transfer

Custodial Disk Storage

Tapeless Archiving EC Layout using 4 parity nodes

e Participation as a Tape (custodial storage) for the ALICE experiment

* The first disk-based custodial storage replaced tape for ALICE experiment e Joined efforts of the WLCG Collaboration preparing for LHC RUN3 data taking
: : : e Successful to meet the target (stable) transfer performance (1I50MB/s)
* 12 PB usable space with 12+4 erasure coding for data protection (powered by CERN EQS) g P
SEs average transfer rates o Avg
H H H e 1. W sum 3.714 GB/s
* Fully automated deployment of EOS components using Linux containers vsescen| g s e 170MB/s on average for 5-day of transfer
1.465 GB/s 1 3. H CNAF::TAPE 1001 MB/! .
recen| | " o W EzK:TAPE a5 /s 101.4TB of data (51k files) transferred
3 MGMs (+MQ) 1.367 GB/s S. M KISTI_GSDC::CDS 169.9 MB/s
s 1.318 GBJs C | =
I 3 QDBs sys.forced.layout="qrain" DISK Data 112:: ::: r* j . :Zf:':::rf::CHEJAPE 4518; ::EZ
QDB 18 FSTs = 18 Boxes sys.forced.nstripes="16" DISK Parity 1.172 GBIs < J P 8. M RRC_KI_T1:DCACHE_TAPE 561.2 MB/s
== 1123 GB/s 9. M SARA::DCACHE_TAPE 112.6 me/s || Individual files 1.953GB, total transferred 1.766PB
fst-0001 DISK Spare 1.074 GBI= 4 Sea, B
FST FST FST FST e \ x . a1 ALY " A . VAN . AN Centre Files size
p— m— 1 1 T ssomers ? e .",N' '__.' R N ’ &/ VT s Meer A~ % Al .t )\ ST |
heduli = e B o 5 S L . @ E \ g soomars | SR AR BV N \s \ R Va Al 2l W % CCIN2P3 143230 279.7TB
scheduling group __| s siem+ b~ oen~ bRW Bk bk beX bex bex oeX bed EEE CEDN O EEE DISK  DIsK ’ & Ssomelsl 1 . 4 At L L \ 7| ty YA N \ R
9 servers default.0 — g foomes [ <k Y| +/] V¥ S b2
18 boxes DISK | DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK  DISK = _7,:: :::: 7\ __‘7 3 [ * I\ || i ( CNAF 239913 468.6TB
AV oA -~ A ‘
DISK | DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK  DISK E ::: :::: 4‘”.“ 7 .; ‘ :' 2 AN ,‘“"\ Y ‘/‘L ‘," .r‘\“\f ."‘,‘ ! 'Mw 7 P, £ < A n GridKA 187327 368.9TB
DISK | DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK  DISK % ::: ::E ',‘ ‘q. ‘ ”.'-,,-- - "-.. J’ : ! / \.«"\ 4 ‘ N‘u - w,.' L‘ :‘ LV .\"".v ",.’ o4 hd| yo— 51014 301418
o i ‘ VAR WA / KISTI_GSDC::CDS ||
S R 350 MB/s i o a \ 'v | |
S 1:463?:08* SCh:d:“nlf g;oupg’ DISK | DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK DISK | ) e | ‘T" . ‘ | *‘ RAL 45023 87.9T8B
== € . . efault. 250 MBJs |/
= > * Total ty =18,144TB (= 12TB * 84 disks *18 b ) <
o : Eg;y’:ﬁg:fig{ﬂ (ralonsed on 2022.412) fsks oxes « Thanks to spare FSTs, 200 wels #.Q,»;-..slf....._" . ST .;........@,,..-:v-......;-:..v'i‘:\,iw-.-a.»wh,ﬁ.,w.ﬁwﬁﬁwﬂ-.w.m-wg:.,..:.ﬂ? NDGF 100635 196.5TB
. : : _ f * Data are still accessible if 6 FSTs are offline » Data loss rate in a year is ~ 8.6 X 10-5%, where 5 disks are failed 100 MB/s o B e Soee® A
E-oi:soig}:oTZH;Z:Ez::iT:tI)Tf:tnhi:n:a/I/n?tr:u(: ZZ:(/'oefoioﬁeIz:;:/er‘sg:-o;ics'-:iiocker « Data can be written if 2 FSTs are offline simultaneously, considering 1.17% of AFR in practice “:B“ | W ',_' )Y o P RRC KI 110479 216.8TB
play ps:iig ’ ! & & * One node (= 2 FSTs) can be turned off for maintenance at any time cf. vendor published AFR is 0.35% (AFR = Annualized Failure Rate) s 1 | 12 | o::zou | 14 | 1s 72
[~ CCIN2P3::TAPE —+ CNAF::TAPE —» FZK::TAPE —= KISTI_GSDC::CDS - NDGF::DCACHE_TAPE ~ RAL:TAPE « RRC_KI_T1::DCACHE_TAPE - SARA::DCACHE_TAPE| l i SARA 23566 4618

System Architecture

QRAIN(12+4) Layout

* May 8-12, 2023

Significant but endurable
EC induced traffic observed

Power Consumption Measurement
Implication of cost that is not uncomfortably higher than tape

Comparison with other storage at KISTI
1.125W/TB for full load (cf. 0.5W/TB for Tape)

CDS Operation for ALICE

Fully commissioned since Nov 2021

Current snapshot of the CDS in the ALICE monitoring system Instantaneous power consumption (kilowatt) per minute (Jan 2021 - Feb 2022)

http://alimonitor.cern.ch/stats?page=SE/table

kilowatt (1min)

Custodial storage elements ‘ Total ‘ Used "
CDS Capacity Max Min Mean
AliEn SE Catalogue statistics Storage-provided information Functional tests Last day add tests Demotion IPv6 Bin | 15.79 06.89 (TB) kW W/TB | kW | W/TB| kW | W/TB
SE Name AliEn name Tier Size Used Free Usage No. of files Type Size Used Free Usage Version EOS Version add get rm 3rd Last OK add Successful Failed factor add
1. KISTL_GSDC - CDS | ALICE::KISTI_GsDC::cDs [ i ISHEIBE 4.72°8 11.07PB[29.9% 10,856,926 FILE | EHSIREMIGESEIEE .50 B 43.68% [Xrootd vai1218 15.11.2022 04:53 0 0 CDS 18,144 20426 | 1125 | 11.015 | 0.607 | 16.85 | 0.923
Total 15.79 PB 4.72PB 11.07 PB 10,856,926 15.79 PB  6.895 PB 8.89 PB 1 1 1 1 1 Dec | 17.77 1.76 TS3500 3.200 16 0.5 _ _ _ _
SC7020 2,500 12120 4.8 - - - -
ALICE RAW data replication to the CDS 6Jan~2J4ul  Peak traffic IN + OUT = 4.172GB/s + 3.218GB/s Average transfer rate = 328MB/s lsilon | 2950 | 13730 | 46 | - | - § -
B : = 7.39GB/s = 60Gb/s _ ——— = 16.49 Gradually i . fth ti i 17.02KW Isilon 2,360 12.88 9 - - - -
i — P = 6Jan~2Jul ‘ = . | radually Increasing o € mean power consumption over time . VNX 2,000 51 5o i i i i
eror [N ::::: H H H = { ARITIE ) Apr Jul oct Jan )
_— e IN: transfer + re-distribution = 14.3P i 8/1/21 Time 2032 6/3/22 VSP 1,430 183 915 R R R R
=~ I e Va | ' } CX4-960 | 1,500 149 | 99 - - - -
M— f;‘:: A 5 P B ‘ . E§ kilowatt (1min)
- — 1= | \ H Remarkable result for idle state (0.6W/TB)
ALICE: :KISTI_GSDC::CDS : [ ] 1810492 139.8 T8 31 May 2022 19:40 16 Jun 2022 00:56 ::m “ ‘” l‘ u J u 2 “I ’ ‘ E
— o E w &L I ﬁ:: i ﬂ. i | ! ‘ ‘ e ;} e 8 Periodic full load activities that last 24hours for every 6 days
RN = (Interval = 518400s) # (EOS scan-interval = 604800s (7 days))
ﬁ= e 'Em OUT: re-distribution = 9.294PB 1 : Uncorrelated with data transfers
- = : - ; ----- T So far, no clue found for these activities
 — T 18 | £ 3R F ...... (Stable electrical characteristics (currents, voltages, etc.)
- — o { H ” F B No special features embedded in ME484)
e 1398 ' |l I
— : g L) )
e N : . D r— Feb = o Ha, Collected power-related metrics L] L L
: . ' ' ' N . . . . . - _ _ - for every minute via SNMP B = =
[Total Size]=4.728PB  Re- d|str|but|on Trafflc induced by EC 6 Jan ~ 2 Jul LHCOPN - KREONet2 from 12 PDUs in 3 racks B R R
Time - - i

Current operations and planning of CDS to be presented @ EOS Workshop 2023 8

Cost analysis Tape vs.

CDS to be presented @ CHEP2023



Networking - LHCOPN

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 Y S i ...
provided by KREONet2 with its 100Gbps lambdas o R L. U ke

* Primary optical fibers: Daejeon-Chicago-Amsterdam-Geneva T | e i, S
(Backup links through Daejeon-Seattle & GLORIAD-consortium) e e e S

« KREONet2 directly reaches Geneva from its Amsterdam PoP

* Provisioning of 100Gbps for OPN by the end of LHC RUNS3 or * Upgrade (every:3y)
before the start of HL-LHC (RUN4) 2 G GO L L2

v' Bandwidth : 350Gbps to 510Gbps
v New Singapore PoP (GEONe2/CLORADIG
v' Global 100G ring | W

Global R&E 100Gbps Network




Networking - LHCONE

a bit of more details about Asian LHCONE
to be presented @ GDB tomorrow

Towards full mesh reachability among Tier sites

Asia-Pacific VRFs - Current Status

AARnet
AU AS7575
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LHCONE connection
’ GEANT VS LHCONE mutual transit

Connection in place, but no LHCONE

EU AS20965 = ® % % Missing connection
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LHCONE on KREOENT?2(2023)

new

1 __Singapre

KREONET2
AS17579 |

Daejeon Seattle Amsterdam

KREONET2 — . KREONET2
: AS17579 | AS17579
Internet2
AS11537 |

1006

100G

KREONET?2
AS17579 |

GEANT
| AS20965

N

Hong Kong
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KREONET?2 1 e
1006 KREONET2 | Assrans
AS17579 |
TEIN GSDC 7 CERN
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 Our Policy : allow transit C.-J. Park

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



Asia Tier Center Forum

e (Centara Ao Nang, Krabi, Thailand

* lts 6th series and the first F2F meeting among Asian Grid sites after the global
pandemic

- Co-hosted by SUT and KISTI-GSDC

® 24 registered participants (+4 remote)

Status and updates on Asian sites, experiments, and networking as well as fruitful (o Tom B enuntes
discussions on Asian support model for computing cooperation " VECOIN, TFAIN). ASGO(TW, T U{ON), “GONUICN), Hrochime U UP), 106PP(P), TER.

CC(KR), KEK(JP), CERN(CH), KISTIKR)

(*) Remote participation
« WG formed and K devel did d t f
was rormed and IS wWoOrkKing on aeveiopin roposed Iaeas and suggestions 10r A i B _\( , 2 ICEPP© @) Ki T
O ‘I‘ 9 BRIN &kt f v
the support model - a firm foundation supporting activities in similar time zones - T =
such as sharing expertises, exchange programs, training / developing technologies
]
Phase I: KISTI-SUT (2019) Baseline
u
® |ndividual efforts are limited and unsustainable
(*) ASGC runs ROC_Asia/Pacific
* EOS@KiSTl E - Envisaging an Asian version of computing cooperation to support S&™ ~ = ="~ -
. " .
- MGM (Master/Siave) Ph I I . KI STI _ I C E P P-S UT 2020 such as European projects (*EGI, EOSC, ESCAPE, ...) and US projec Su sta I n a b I e M Od e I ?
ase Il I ..
- QuarkDB cluster (3 nodes) - Proposing "Asian Big science Clouds (ABC)
3,500k
- 3FSTs (30TB HDD NAS) = EOS Inst N — AEICSETIT‘ AIT(':-:’ ;2  Testing LHCONE network environment » Avirtual collaboration of computing sites (centers) in Asia for scien e with the outcome from ABC, we could try to establishing a practical ASEAN PLUS THREE COOPERATION WORK PLAN
SUT Hi nstance ame =ate 9 90ms >DiStribUted but managed centra"y Small) S&T cooperation program (fOI’ funding) throth ASEAN’ ASEAN+3' 2.8 Strengthen cooperation in science, te::hnolog and innovation (STI) through:
...................... . ion i i 3 Y, innovati ugh:
e EOS@SUT o \/' EOS GEOTAG 1078 | > 1518 > Configuration management automation EAS, etc.
‘.‘ "KISTI::GSDC::D10" g ’ apers 3 DiSCUSSin and Seekin raotical methods to su ort the re|ated (a) |Exploring cooperation» in human resource development as well as
- 3FSTs (9TB SSD NAS) : "SUT::BNCT::A209" 2 Tossee the feasibility of d 9P PP ( - ASEAN (Association of Southeast Asian Nations) (eeiadonent of Jechnlcal s voomionss sk s fewcrking o ST
622Mbps “UTOKYO::ICEPP:FST" 9 Operation cost reduction o "’_ P . "bl dp , p’" e dovelooment of 1
I, H 1 H 1 H ‘ostering an open, equitable and environment for the aevelopment oOi o
e EOS Instance Name = testatcf 13@ o )Redundancy - mdUdmg actions in the previous slide » Member States: Brunei Darussalam, Cambodia, Indonesia, Lao includinggby ef‘fjective(:y protecting Intellectual Property Rightg (IPR);
QL PDR, Malay8|a, I\/Iyanmar, Phlllpplnes, Slngapore, Thailand, Viet (c) |Exploring joint capacity building activities, exchange of information, and
. ) . s ) . . . hari f b i i f i STl policies,
ThaiREN reaches HK at 2Gbps; ALICE T2 z;ﬁfir sss:_efegag;:ta gcl)JF_)rY: |1((I)sql'(l) :Z;;C:;/)s - Stamng with a JOIﬂt-SGSSIOn (OI’ vvorkshop) N computmg-relatec Nam 'se :'::300 ti:r: gfrearc’t;e; :e?:a?iz aotior:.u;:zd régeasr:ds:;r; :ﬁsﬁ Ea%,
SG at 1Gbps KISTI — ICEPP - 32MB/s - ICEPP — KIST! (not measured) e.g. |SG|C, APAN, WLCG WOFKShOp, CHEP, etC. tgchnical regulations, productivity, investment and intellectual property
SUT .. _~ I | SUT  ICEPP ~26MBYs ; ICEPP - SUT (not measured) » ASEAN Dialogue Partner: Australia, China, India, Japan, Republic rights (IPR) management; : : :
o8 A of Korea, New Zealand, Pakistan (Sectoral), EU, UK, US, etc. o commercia sppicatons such 56 rovotes and sutomation, et
t tomobile, technology, and | food, biotechnology, food
- ASEAN+3 (ASEAN Plus Three) : ASEAN, China, Japan, Republic of iiﬁs“l’zr;a:e:’mrza::”a'e: ’:1?"9;9:‘20”?22”;
' ! ! ! marine resources, new and renewable energy, climate change, life
Korea science, medical devices and technology, and space technology;
! . ﬁ (e) Cooperation in meteorology addressing climate information and prediction
sG t_--"' » ASEAN PLUS THREE COOPERATION WORK PLAN (2023_2027) services, weather observations and climate change; and
(f) Promotion and/or participation in relevant STI events, for example, the
i . . . . . ) ) APT Centre for the Gifted in Science (ACGS), the APT Young Scientists
Inhomogeneous nodes with different storage capacities Stable instance - EAS (East Asia Summit) : ASEAN+3, Australia, New Zealand, India Collaborative Innovation Forum and innovation youth camps and awards.
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Supporting Domestic Research

Providing data storage, analysis pipeline and access
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* 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

* Data analysis pipeline running on compute clusters

r

PAL-XFEL

Large Scale Research Facilities

12

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

= Significant reduction of time in research activities

Data Analysis Pipeline

ccraionns J e J s J cisreu') soor
Cheetah CrystFEL Geant40 cryoSPARC
Ing [MPI Job:

Data Access

Data Transfer

Computing ¢------- - Storage
Nodes Raw & filtered Data

Computing & Data Hub

* User access to data and analysis pipeline without geographical constraints

Communities

@ Globus Online

User Access




Summary

o KISTI-GSDC is a datacenter for data-intensive fundamental research
* |ts role Is to provide data computing environment where needed

 ALICE T1 is a representative example and there are other Grid facilities
such as CMS T2, LDG T2 and Belle |l T2

 The knowledge has been transferred to support domestic research area
and has helped to improve research activities



Thank you



