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KISTI

Korea Institute of Science and Technology Information

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

Map of KREONET 2023

Korea Researc h Environment Open NETwork

* National Supercomputing Center
* b5th Supercomputer
°* Nurion - Cray CS500 system

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

* Neuron - GPU system, 1.24 PFlops
* 6th Supercomputer (HANGANG)
* 600 PFlops at peak, 8,496 GPUs

* 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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GSDC

Global Science experimental Data hub Center

Government-funded
promote Korean funo

oroject, started in 2009 to
amental research through

providing computing

Datacenter for data-

research

power and data storage

Intensive fundamental

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

* Providing services based on technology
development: distributed computing structure,
high avallability storage system, infra

Integrated manag
storage

ement, disk-based custodial
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Role of GSDC for Data-Intensive Research

KISTI-GSDC

Conducting

Experiment

CERN(EU) | LIGO (US) | KEK (JP) .
TEM | PAL | RENO -
Large-scale Facllitieg

Data Computing for Basic Science as a Service
Data Provider

Requirements by experiments/community -2
Data Computing Research Environments

Analyzing

Scientific
Achievement

Users | User Groups
Research Community

Data-Intensive Research
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Supporting Experiments
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wWLCGG

Worldwide LHC Computing Grid

Heavy-lon Physics

Elementary Particle Physics
WLCG Tier-1 (2014)

WLCG Tier-2 (2018)

Compact Muon Solenoid

Elementary Particle Physics

Astrophysics Computing cluster

LDG Tier-2 (2019)

L E N o Neutrino Physics
i

V s RAW Storage

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




WLCG Tier-1 @ KISTI-GSDC

Flagship Service for Data-intensive Computing

A WLCG Tier-1 in Asia for the ALICE experiment

Total CPU hours for ALICE jobs

* Contributing about 10% of T1 resource requirements of ALICE

* More than 2% of total (TO+T1+T2+AFSs) resource requirements of ALICE i
* Availability/Reliability: 98.88% / 99.13% (2025)
CE

* HTCondor-based, whole-node submission enabled (for N-core jobs)
SE
* XRootD/EOS based disk storage

ALICE

® ArCh ival S E : C DS’ the d iSk-based One powered by EOS ® Armenia @ Austria © Brasil @ CERN © China @ Czech Republic ® Germany @ Hungary ® IN2P3 @ India @ Indonesia @ INFN © Japan @ Nordic Countries

® RDIG « Republic of Korea @ Romania @ Slovakia ® South Africa @ Thailand ® The Netherlands © UK & LIS

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
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80 PB
Erasure-Coded storage e e

" f . :
ALICE 02 02 Buffer real-time data transfer (> 25Gb/s required) Archival Disk Storage [N
80PB/yr Storage

' LHCOPN KISTI-CERN 20Gbps :

AS 2875 AS 198743
| i
/ ES-PIC
AS 43115
/ i

EOS EC Storage

HRTSRTS ST

US-FNAL

AS 3152

0.75PB disk will be added
on end of year

s Usable = 15 PB &
RAW = 22.8 PB
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100Gpbs became a standard

Tape Library decommissioned
[ Nov. 2021



T1 Grid Services

Site Status

1 2 1 1 1 = oVirt R » =% 2% 0. 2
* Many grid services running on VMs provided by oVirt A em—
Dashboard < O Last Updated 11/14/2022, 1:11:11 PM GMT+9
CI u Ste r 1 Data Centers £ 1 Clusters 3 3 Hosts . 3 Data Storage Domains S 3 Gluster Volumes £ 18 virtual Machines A 1 Events
comee ®1 N/A ®3 ®3 ®3 ®3 @15 r 1

* oVirt 4.3.8 + GlusterFS 6.10

Storage CPU Memory Storage

* 3 oVirt hosts with 384 GB of RAM and 2.3 TB of Gluster [y - LT s L
Storage :
(1.5 TB HDDs, 0.8 TB SSDs)

* Live migration & load-balancing

® VMS for Grid SerViceS Clu:::UtiIization - Stosrtaogr:Uetilization StosrjogreaS:\;i:\i: 5
* VOBOX for job submission =.
* Site-BDII & Argus (AuthN & AuthZ)

Host: X % v | Q New Edit Remove Management

* 3 Squid caches for CernVM-FS (Application provisioning, S
€.g. AliRoot, ROOT, GEANTA4, EtC.) 5. e oot |ovom —— = s acs eV __[temerk_ {370

alice-ovirt-03.sdfarm.kr  Default ~ Default Up 5 78% %% 0% Normal

* APEL (WLCG Accounting)
* 3 HTCondor-CEs (CE & Condor 24.0.8-1)




Computing Elements

* On the VOBOX machine, JAIIEn CE and MonALISA are currently running.

* The new VOBOX container has successfully replaced the old VM.

() CO m p uti n g R eSO u rce 35DC][alice-t1-ce05.sdfarm.kr]org.sam CONDOR -JobSubmit-alice I_

a ice_tl_ceo4 . Sdfarm ) (r‘ 12 2 1 , 029 35DC][alice-t1-ce06.sdfarm.kr]org.sam CONDOR -JobSubmit-alice I_

a ICe'tl'CeO5Sdfarm Kl 35 27,524 111.202:.1b | 01/2025 03/2025 05/2025 07/2025 09/2025
alice-t1-ce06.sdfarm.kr 55 25,092

* Total: 73.6 kHS23 / Newer than 2020 : 50.8 kHS23
* Pledge: 69 kHS23 (2025) / 72 kHS23 (2026)
* Current Status

]
UUUUU

. Serv?rs without a functioning web console have been excluded from the total
coun

* Plan
* Add about 22.8 kHSO06 this year by replacing old Worker Nodes
* New AMD servers prepared with 192 cores each (expected ~4-5k HS23 per

Server) Number of jobs at KISTI_GSDC
* HS23 benchmark values still require adjustment due to power limit factors . .E:E'i Lm“'": "i"D S
* Goal: phase out all equipment manufactured before 2020 3: :j ‘j E 12_5; i’f‘;
4. B8 621 10 518.9 1016
5. Me4 0 0 0 1



* Structure

* Running a container-based EOS server directly with podman
* Container Image: AlmaLinux 9.6
* 5 EOS servers (v5.3.8)

EOS Disk Status

[root@rbod-mgmt-01 ~]# podman ps
CONTAINER ID IMAGE

COMMAND CREATED

fc893da4099d localhost/eos-local:latest

d77d4f463b55 localhost/eos-local:latest
fébc9cbaebb8 localhost/eos-local:latest
ade9ef23dbf8 localhost/eos-local:latest

8 weeks ago
8 weeks ago
7 weeks ago
7 weeks ago

STATUS

Up 8 weeks

Up 8 weeks (healthy)
Up 7 weeks (healthy)
Up 7 weeks (healthy)

* 2Xx (MQ + MGM + QDB + FST) + 3x (QDB+FST)

° MGM DNS ROund robin (eOS-diSk.Sdfarm.kr) EOS Console [root://localhost] |/eos/alicekistigsdc/grid/> node 1s

* Status

* Total : 8.55 PB (=7.597PiB)
e Used : 5.57 PB (=4.94PiB / 65.14%)

* Plan

* Will be added more space on December
* +0.75 PB = 9 PB (2026 Pledge)

AlLEn name
1. KISTI_GSDC - EOS  ALICE::KISTI_GSDC::EOS 1 7.597 PB 4.899 PB

SE Name

nodesview
nodesview

nodesview
nodesview
nodesview

EOS Console [root://localhost] |/eos/alicekistigsdc/grid/> space ls

| type |

wfe| ntx| active

jbod-mgmt-10.sdfarm.kr:1095 kisti::
rbod-mgmt-01.sdfarm.kr:1095 kisti::
rbod-mgmt-03.sdfarm.kr:1095 kisti::
rbod-mgmt-04.sdfarm.kr:1095 kisti::
rbod-mgmt-06.sdfarm.kr:1095 kisti::

online
online
online
online
online

groupsize| groupmod | N(fs)| N(fs-rw)| sum(usedbytes)| sum(capacity)| capacity(rw) |

intergroup |

e T T —

spaceview default

Tier Size Used

2.698 PB 64.48%

12

Free Usage No. of files Type Size
83,927,425 FILE 7.597 PB

Used

5.57 PB 8.55 PB

Free Usage Version

4944 PB 2.653 PB 65.08%  Xrootd 5.7.3
7.597 PB 4.899 PB 2.698 PB 83,927,425 7.597 PB 4.944PB 2.653 PB

8.30 PB

EOS Version
5.3.8



CDS Archving Storage

* Structure

* Running a container-based EOS server directly with
podman on 9x CentOS7 and 5x AlmaLinux9 hosts

* Container Image: AlmaLinux 9.6
* 14 EOS servers (v5.3.17)
* 3X (MGM) + 5x (QDB+FST) + 6x (FST)
* MGM DNS Round robin (eos-archive.sdfarm.kr)
* Status (Installed / Usable after EC)
°* Total : 22.80/ 15.2 PB (¥ 20.25f 13.5PIB)
* Used : 20.28/13.5 PB (F18.01 } 11.99PiB) [88.9%]
* Plan

* Replace old storage servers (maintenance expired)
with new equipment

* Secure 15 PB usable capacity (2026 pledge)
* Slightly less total space, but improved stability

Custodial Disk Storage

Tapeless Archiving

* The first disk-based custodial storage replaced tape for ALICE experiment
* 12 PB usable space with 12+4 erasure coding for data protection (powered by CERN EQOS)

e Fully automated deployment of EOS components using Linux containers

QRAIN(12+4) Layout

System Architecture

Custodial storage elements

GSDC

AliEn SE
SE Name AlIEn name

Tier Size Used Free Usage No. of files Type = aas
1. KISTI_GSDC - CDS ALICE::KISTI_GSDC::CDS 1 15.79PB 11.9PB 3.891PB 75.36% 13,457,187 FILE

Total 15.79 PB 11.9PB 3.891PB 13,457,187

Catalogue statistics (1024-base units) Storage-provided information (1024-base v

Free Usage Version |
2.248 PB 88.9% Xrootd 5.8.3

2.248 PB

11



Structure of CMS Tier-2 @KISTI

CMS sites

(Tier0, Tier1, Tier2)

Detector Data + Simulation Data

* Services run on BareMetal servers

* OS installation by Foreman * = om
Resource mmmm) Command / Request
* Provisioning with Ansible '..:T.I l§ Status === Output / Result
- v — Sync / Report
8 5

* Ansible Roles:

https://github.com/orgs/gsdc/repositories?qg=visibility%3Apublic+archived

% 3Afalse

* Main Component
* Midd
* CE:

eware : UMDS5 (+ wilcg repo)

HTCondor-CE v23.0.28

* LRMS : HTCondor (2x CentralManager using HTCondor HA)

* 46 WNs / 1,424 logical cores / 14.9 kHS06
* RAM 2,000MB per core
e SE : dCache v9.2 + XRootD PSS server for CMS AAA

Total Space/MiB pa Layou ree
cms-12-wn1055-NFSPool cms-t2-wn1055-NFSPool-Domain 168032251 25452419 0 |
® 9 X d C acC h e P 00 I S erver (1 O G b p S) cms-t2-wn1056-TbodPool cms-t2-wn1056-JbodPool-Domain 209706693 21686181 0 I
cms-12-wn1056-NFSPool cms-t2-wn1056-NFSPool-Domain 167253788 15719296 0 |
cms-t2-wn1057-JbodPool cms-t2-wn1057-JbodPool 3383037 0 |
°® 8 J B O D + 9 N F S P 00 I S / 2 8 1 9T| B (: 3 1 OOT B) cms-t2-wn1057-NFSPool cms-t2-wn1057-NFSPool 651671 0 I
cms-t2-wn1058-JbodPool cms-t2-wn1058-JbodPool 386795 0 |
cms-t2-wn1058-NFSPool cms-t2-wnl058-NFSPool-Domain = 169411942 26942054 0 |
P P roto C O I . X R O Ot D ( R O) We b DAV ( RW) cms-t2-wn1059-JbodPool I cms-t2-se-node01-JbodPool-Domain I 209687520 31037469 0 |
] ] cms-t2-wn1059-NFSPool cms-t2-se-node0 1-NFSPool-Domain 168325171 26313503 0 |
cms-t2-wn1060-JTbodPool cms-t2-wn1060-JbodPool-Domain 209689601 43932761 0 |
. . cms-t2-wn1060-NFSPool cms-12-wn1060-NFSPool-Domain 169653546 26171361 0 |
o R e p O rt : 1X (S Ite - B D I I +A P E L p u b I IS h e r) cms-t2-wnl1061-JbodPool cms-t2-wnl061-JbodPool-Domain 209704854 35397054 0 |
cms-t2-wnl061-NFSPool cms-t2-wn1061-NFSPool-Domain 167700994 17287007 0 |
cms-t2-wn1062-JbodPool cms-t2-wnl062-JbodPool-Domain 172162668 23493010 0 |
o C aC h e : 2X F ro n ti e r_ S q u i d S cms-t2-wnl062-NFSPool cms-t2-wn1062-NFSPool-Domain 170184951 33074404 0 |
cms-t2-wnl1063-NFSPool cms-t2-wn1063-NFSPool-Domain 168550454 24866432 0 |

* Network: Shared-100Gbps from GSDC to KREONET

Disk Space Usage

Computing

Worker Nodes
(712Cores)

5|te BDII

Data Inpu

Proxy

‘-1.,
%
Squid

*?@&
t\

Sto rage

dCache Pool

NAS Storag

12



https://github.com/orgs/gsdc/repositories?q=visibility:public+archived:false

Completed jobs @

180K

160K

CMS T2 Present and Future -

100K

I - —
* Site Status I .
e Computing Resource: 14.9kHS06 ==
* 1,018,899 jobs Completed .

® Storage: 2,555/3’1OOTB (82-43%) [25—09_16] 0101 01118 0131 0215 03fo2 0317 o401 04018 0O5/01 0518 05/31 085  06/30 075 07/30 0814 08/29 0913
* Availability/Reliability : 98.53% CMS Tier-2 Storage Usages (TB)

* Plans and Updates o

* By the end of this year: Achieving the Resource Pledge e — L

2,000.00

* Replacement of WN (from 15kHS23 — 48kHS23) __ CMS Tier-2 Availability/Reliability
. I T2_CH_CERN LU T EEEREREEEEEEE T L SRR | || | 90.71%  [JNNNNNNNNUNRURURRNRRRRR RN
° Ear I y n eXt year ] Sys t em arc h | teC t urec h an g €S T2_UK_London_IC LU SRR SRR | || | ‘ oo.50%  [NNNNNRNRUNRRRURRRRNRNRRNRORNRRRRRRNNRE R R R
* Managing resource-intensive services on bare metal | N — =
. . . T2_KR_KISTI T RN [ [ || ‘ 98.53%  [JHNNNRUNRNRRURNRRNNERRRRRRRRRRRRRRRNE e
e Dedicated WN (CPU-intensive / 48kHS23) =—yeymm— MR ez OO RRTE 0
_ ] _ T2_FI_HIP LU CEREEEEER LT SRR [ | [ | os.0t%  [NENNNENNNIRNRNANNI ][
o d C ac h e P 00 | (D IS k- IN te ns |Ve) T2_HU_Budapest LD EEREEEEE PR SRR | || | o7.87%  |INNNNNNNRURNONNRNNRRRRRRRRRRRRRRRR
T2_DE_RWTH LU DD R RN (] || oz.81%  |NNNNNNNNRNNRNRURNNRRRRRRRR R
* Containerization of key services with IPVLAN, including: El :::::::::::::::::: e ::::::::::::::::::: —
. T2_RU_IHEP LU R R || || oz.37%  JENNNRERNNNRINENNN [
* ZO O ke € p er CI u Ste rusin g 3 Servers T2_DE_DESY LU CEREEEE T SRR | || | o7.34%  [|NNNNURNNNNNNRNNRRNR RO RRRRRRRRRRRRR e
. . T2_CN_Beijing LU EEREEERE T SRR | || | oz.32  [NNNNRNNNNRNRNRRNRNRRR RN
* Patroni cluster with 2 or more servers (zookeeper-backend) for roucsonaree  INOEIIOOIUEOMRRROIOIRIAARARRERRE DI RRRRAN e OOUAARRRRROOMRNNARRRE RO 00000000
PostgreSQL high availabilit T2_pL Swierk ORR RN RRR RO O ORINR 0 os.care INNNNMNNNMRNRRNRRNNT DO T ORI OORIIRR 000
g g y T2_US_Vanderbilt UL 11 96.77%  HHNNNNERNNRNRININNI [[]
T2_RULJINR T o670 FANVARMMARRRRRERRRNN 00N DI ONMIRIRS 00
° Ephe meral WN / HTCondor-CE / HTCondor Central Man ager T2_BE I L ossax  NINNADNNIRNNNANNN) m
T oozex  INIRMIARRIORNNN
e dCache (Non-Pool) 72,05 Catech T I soeex INNMARRRRRIINN)
T2_TR_METU inlnnsNmmm 1] v6.25%  [NNNNNRERNRNRNANNI 11
*  Frontier Squids / site-BDII / APEL Publisher cour N e
13 T2_BE_UCL LU 1] 96.08%  [NNNNNNNNNNRNRURNRRORRRRRRRRRRRRRRRRR o
T2_US_UCSD I 1] os.41%  |NNNNRNNRNNRNNENINI 1]



Future of KISTI CMS Tier-2

* Site Features Planned Architecture for KISTI CMS Tier-2 Site

* Pros

* No need to change the network configuration compared to when
using existing bare metal

e Utilization of IPVLAN as the primary service network
(minimizing overhead from overlay networks) Container Region

HTCondor-CE | l l Site-BDII

* Custom agent and manager needed for container HA, but ' APEL

services can operate normally even without them plammmy e | EmmEErm

Central Manager

e Cons T e e ———

| dCache
Door Server

* No additional programs required for operations beyond Podman

Zookeeper

* Every container instance must have a fixed IP address

* This IP must be manually registered in DNS -

* There Is no service support for persistent volumes, this must be LeleusEl REEan ACache Pool Servers (3.85078
taken into consideration :

Dedicated

’ ' e JBod St
e APEL’s Accounting DB volume T 22508




GSDC HA A|AH! D L|H

u |
: Zookeeper T& H 0| X|
V I V I FA M H| A SAE EE MHA 22 22| 2 Zookeeper H 01

AH|~ e /ol MH| 2 AHY|

3 Mel~ S8

* (Zoo)Keeper-based container HA system
® Motlvatlon 458 A] 124 olot g+ S HelBLICE

{

"replicas™: 1,

I3

patroni

o
A

"run_config": {

* k8s on IPVLAN requires extra CNI plugins, complex T e

"volumes": [

L | L}
C O n fl g u ratl O n "fetc/gsdc_ha_system/ca:/etc/gsdc_ha_system/ca”
I

* dCache already uses ZooKeeper, but needs
additional ETCD cluster ,F

* Full kBs may be unnecessary for simple HA — - I
develop a lightweight program

A
() Stat u S 20, AHO|2, BUHESE R KEY-VALUE T Key ®Ff 25 518,
4 / uz 57t |
- - - Sl 2y wa
o I e Stl n g C O n tal n e r re Sta rt O n h O St fal I u re PATRONI_SCOPE  PATRONI_ZOOKEEPER HOSTS ~ PATRONI_ZOOKEEPER USE SSL  PATRONI ZOOKEEPER CACERT ~ PATRONI_ZOOKEEPER VERIFY
ransitioning each containers into Pod to easy

. . S ¢

o|ojx]| quay.io/ry840901/patroni:latest = HA

sHq=2 1 PATRONI_SCOPE cmst2_20250909

£ B PATRONI_ZOCOKEEPER_HOSTS conl.ipvlan.test:3181,con2.ipvlan.test:3181,con3.ipvlan.test:31€

=
[ ] [ ] [ ]
. =E ® /etc/gsdc_ha_system/ca:/etc/gsdc_ha_system/ca
PATRONI_ZOOKEEPER_USE_SSL true
TEEE]

PATRONI_ZOOKEEPER_CACERT  /fetc/gsdc_ha_system/ca/ca.crt

PATRONI_ZOOKEEPER_VERIFY true

* Bugs causing redundant container starts under
network instability

212 AMH|2 FHO|(JSON)

"replicas™: 1,
"run_config": {

- - - "env": [
* No real-time communication between host an
"PATRONI_ZOOKEEPER_HOSTS=conl.ipvlan.test:3181,con2.ipvlan.test:3181,con3.ipvlan.test:3181",
"PATRONI_ZOOKEEPER_USE_SSL=true",
a e n t "PATRONI_ZOOKEEPER_CACERT=/etc/gsdc_ha_system/ca/ca.crt”,
"PATRONI_ZOOKEEPER_VERIFY=true"

1,
"hostname™: "dbl.ipvlan.test"™,
"image": "quay.io/ry84@9@1l1/patroni:latest”,
"podman_network": "storage_net",
"podman_network_ips": {
"storage_net": "192.168.1€8.11"
}s
"volumes": [

"/etc/gsdc_ha_system/ca: /etc/gsdc_ha_system/ca”




Summary

* Site Infrastructure
* Core Services (CE, site-bdii, apel, vobox)
* ALICE Tier-1 (T1): Built on an oVirt VM cluster
* CMS Tier-2 (T2): Running on bare metal
* Storage System
* T1: EOS container instances using podman
* T2: dCache Pool with JBOD and NFS storage
* Worker Nodes (WNSs)
°* Running on bare metal
* Current Status & Plans
* Sites are operating stably
* Resource replacement for WNs and storage planned by the end of the year
* Ongoing Work
* Container Instances with IPVLAN Networking (T2)
* Work In progress to utilize IPVLAN for container instances
* Related software development progressing in parallel



Thank you
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Network mode

Host (native)

IPvilan

Macvlan

Overlay (VXLAN, etc)

latency

Reference

+30~60% 1

+40~70% 1

+200~300% 1

Throughput pert.

Reference

<50 loss

<50 loss

10~30% loss

INnfo

No Isolcation

Not necessary
promisc,
DHCP iIs not works

Require promisc,
DHCP Is works

encapsulation
overhead is larghe



Comparison of Networking Solutions for Kubernetes — Comparison of Networking Solutions for Kubernetes 2 documentation

Latency percentiles at 250,000 RPS (=50% of maximum RPS), ms
Latency percentiles at 50k RPS (=20% of maximum RPS), ms

Latency percentiles at 150,000 RPS (=30% of maximum RPS), ms _ J , , ,
Setup 95 %ile 99 %ile 99.5 %ile 99.99 %ile 99.999 %ile Max Latency
Setup 95 folle 99 file 99:5 “lle 99:99 %olle 99:999 flle Max Latency [Pvlan 1 1.2 1.4 24.3 Setup 95 %ile 99 %ile 99.5 %ile 99.99 %ile 99,999 %ile Max Latency
IPvlan 0.7 0.9 1 0.7 aws-vpc 5.6 9.4 IPvlan 0.6 0.8 0.9 9.6 15.8
aws-vpc 15.7 host-gw aWs -vpC 56 403.1
host-gw 5.9 9.6 vxlan 1.5 1.9 2.1 16.6 202.4 245.5 pre— 74

] 1.2 1.5 1.6 201.9 405.3 . 0.7 0.8 0.9 3.7 77 16.8 el 08 - . JOLS

e 0.5 0.6 0.6 4.8 8.9 11.8 —— . 0.5 0.7 0.7 6.4 9.9 148
net=host

IPvl in sl the best performance, but aws-vpc has the best 99.99 and 99.999 entiles.
[Pvlan is slightly better than host-gw and aws-vpc, but it has the worst 99.99 percentile. host-gw an asatn s 10\:VS 16 best performance, b RE has the bes rm pereentries
host-gw outperforms aws-vpc in 95 and 99 percentiles.

performs slightly better than aws-vpc.

https://ranger.uta.edu/~jrao/papers/INFOCOM18.pd
f


https://machinezone.github.io/research/networking-solutions-for-kubernetes/

