
Principal Researcher,
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[CERN LHC] Higgs, 

origin of mass of 
subatomic particles

('13)

[EHT, KVN] 

Capturing images 
of Black holes, M87

(’19)

[LIGO] Observation 

of gravitational 
waves (’17)

[Hi-Luminosity LHC, 

HL-LHC] High 
Energy Physics

[KSTAR, ITER]

Fusion Energy

[SKA, LSST, etc. next 

generation 

observatory facility] 

Astronomy

[ICGC DNA/Genome 
Data] Bio/Genome, 
Investigational New 

Drug/Vaccine

[Optical Clock, VLBI]

Comparing 

Intercontinental 
Optical Clock, 

Redefining time(s)

Big science, Data Intensive Science, Interdisciplinary research
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KREONET/KREONet2 (AS1237/ AS17579)

- KREONET (Korea Research Environment Open Network)
- Korea’s National Science & Research Network, managed and operated by KISTI since 1988
- GLORIAD-KR, Core Member of GLORIAD project since 2005
- Advanced Research Network in “Utilization and Promotion of National Supercomputing” Act (implemented in 2011 in 

Korea)
- 100Gbps national-wide backbone with 17 Domestic Regional GigaPoPs and 5 International GigaPoPs
- About 200 connected R&E organizations : National Research Institute and Lab, 
University, University Hospital, Research Institute of Company, library, Public Sector etc.

- 365*24 NOC (Network Operation Center) Service
- Directly linking domestic internet exchanges (KT, SKB, Sejoing Telecom) and international internet exchanges (GIX/Seoul, 
Cogent/Seattle, AMS-IX/Amsterdam(to-be), HK-IX(to-be)) 

- Directly connected to network of public clouds (Google, Amazon, Microsoft)
- L1 Lightpath, L2 VPN, L3 R&E IP service, Science DMZ

KRLight

- GLIF Open Lightpath Exchange (GOLE), managed and operated by KISTI
- Transcontinental GOLE (GLIF Open Lightpath Exchange) : Asia – North America - Europe
- Distributed GOLE: Daejeon/KR, Hong Kong/CN, Seattle/US, Chicago/US, Amsterdam/NL
- Integrated with R&E IP network : KREONet2 (AS17579)
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Cable 

Sejong

Incheon

Suwon

Cheonan

Chuncheon

Daegu

Pyungchnag

Gangrueng

Ochang

Busan

Jeonju

Gangju

Jeju

Ulsan

Pohang

Changwon

Seoul

Daejeon

Gyeonggi
1.2T

(600G*2λ)

Gangwon
1.2T

(600G*2λ)

Jeonla
1.2T

(600G*2λ)

Gyeongsang
1.2T

(600G*2λ)

Seoul-
Daejoen

1.2T
(600G*2λ)

Primary path

Distance
Bandwidth

Seoul-Daejeon

ROADM

PTN PTN

ROADM

ROADM(22EA) Ciena AF6500-14 PTN(30EA) Ciena 5164

• POTN/ROADM/CE
• Wavelength : 

42ch 800G support
• WaveLogic 5e MOTR :

- 95Gbaud
- 112.5Ghz spacing

- NNI(600G)
- UNI(400G or 100G)  

• MPLS-TP
• Segment Routing
• 200GbE(QSFP54)
• 100GbE(QSFP28)
• 1/10/25GbE(SFP)
• (CE) E-LINE, E-LAN, E-

TREE

Backup path



Ciena 6500-14/6154 
600Gbps Wavelength
6Tbps Total Capacity
100/400GE L2 Interface

Cisco NCS5504/57C3
SR-MPLS, SR-TE, TI-LFR
L2/L3 VPN

Network Automation with 
NSO (Network Service Orc
hestrator)

5



6



7

London
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Tokyo
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Singapore

Thuwal

GEANT, SURF, NORDUnet, AARnet, SingAREN & TEIN*CC

NII

HARNET, NICT & SingAREN

Hong Kong

500 Gbps

To Australia & New Zealand (via APOnet)

APAN55
NEPAL

Daejeon

KISTI
KAUST



AAE1

APG

APCN2

FA1(North)NCP

TPE

APCN2

Ciena 6500-14, Cisco NCS5504/57C3
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68,590KM long
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PAL-XFEL

Korean VLBI Network (KVN)

TEM

Global Science  Data Hub Center 
(GSDC)

Bio Data Hub AI Big Data Hub

Nano/material Data Hub

Public/Private Cloud Network

Commercial Internet Exchange

National Supercomputing Network

KREONET

Global Science Network (Hub)

3.Trust-based access and control 
mechanism for Data exchange

1.High Performance (non-blocking) 
Optical/Packet Switching Fabric 2.Software Data eXchange

4.High-precision Operation and 
Management of Data exchange

Data Dam Network

5 years funding (about 10M USD) new project (2023~)
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o KOEXP as Korea Data Exchange Facility, the first open exchange in Korea
• Built and operated by KISTI/KREONET
• Collocation space in datacenter facility nearby largest submarine cable 
landing station (CLS) in Busan city
• Convenient Access Point for Asia Pacific Submarine Cables with reliability
• DCI interconnection btw KREONET/KREONet2 and KOEXP
• Free backhaul connection btw KOEXP and CLS

o Distributed KOEXP (Busan, Daejeon, and Seoul)
• Research and Education Network: KREONET/KREONet2, National 
Supercomputing Network, etc.

• Public Cloud Network: NHN Cloud, Naver Cloud, …
o Open in June/July, 2023KOEXP



Numbers

- 14 Tier1s + 1 Tier0

- 12 countries in 3 contine
nts

- Dual stack 
IPv4-IPv6

- 1.1Tbps to the Tier0

https://twiki.cern.ch/twiki/bin/view/LHCOPN/OverallNetworkMaps

Private network connecting Tier0 and Tier1s

Edoardo Martelli, “LHCOPN update”, LHCOPN/LHCONE meeting #45, 16 Sep 2020

LHC Optical Private Network

KISTI – CERN
: 20G -> 2*100G
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https://twiki.cern.ch/twiki/bin/view/LHCOPN/OverallNetworkMaps
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q QKD system for 
KREONET

∙ Enhancing the security of 
KREONET through 
preemptive action against 
quantum computers
∙ QKD system for backbone 
network
- Long-distance QKD system 

development
∙ QKD system for access 

network
- Multiplexable QKD system 

with reasonably sized 
receiving end

∙ Networkization of QKD 
system
- Reduction of cost, 

complexity, and operational 
difficulty of QKD system 

Q-IPSec#2

Q-TLS#1

QDS#1

Q-IPSec#1

Q-IPSec#3

QDS#3

QDS#2

Q-IPSec#5

Q-TLS#3

QDS#5

Q-IPSec#4

Q-TLS#2

QDS#4
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q QKD Management System
∙ Highly compatible KREONET QKMS with quantum crypto communication
∙ KREONET Q-SDN Controller for integrated control of QKDN
∙ QKDN Operation & Management Protocol
∙ Single Domain à Multiple Domain à Inter-Domain à Cross Layer à Orchestration & Intelligence

Backbone: QKD Access: PQC
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VLBI antenna 
@ Sejong Space Geodetic Observation Center

50km

NG72
NG72

NG72

ICRF3 :The 3rd realization      
of the International Celestial  

Reference Frame

VLBI input
Celestial Position

Telescope Location
Telescope Time

Correlation 
Processing

ngii@
sejong

KVN

VLBI  
Measurement

Time Delay

à time comparison precision ~
1.4×10-16

à spatial precision ~ 3mm

Optical clock
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Yb Optical clock

KRISS

KISTI

KASI

SGOC
(Sejong)

INRIM

INAF

CTR

CTR : Compact Triple-band Receiver (K,Q, W band)

CTR

𝒖 "𝒇𝐘𝐛𝐊𝐑𝐈𝐒𝐒 𝒇𝐘𝐛𝐈𝐍𝐑𝐈𝐌 ≈10-17 or below

KOREA ITALY
Optical 
clock

Yb, running Yb/Sr, 
running

Fiber link KRISS – KISTI 
– KVN (except 
Jeju) 

INRIM –
Medicina

Transferred 
frequency

RF (OSTT, 
PikTime)
CW laser
f-comb @ 
Sejong or KVN

CW laser
f-comb @ 
Medicina

VLBI 22/43/86 GHz
@ Sejong
22/43/86 GHz 
@ KVN

22/43/86 
GHz @ 
Medicina

5 years funding (about 7M USD) new project (2022~)
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Standard Frequency
Generator

CTR CTR

Standard Frequency
Generator

Correlator

Optical Clock Optical Comb

GPS satelite

Source (Star)KOREA

ITALY

Standard Frequency
Generator

CTR
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GREN: Collaboration on the intercontinental transmission layer

Data Intensive 
Science WG

AutoGOLE/SENSE 
WG

GREN Map WG

GXP Architectures & Services

GREN Connecting Offshore 
Students WG

Research & Development Operational

Link consortia

APR ANA …AER AmLight

GN
A 

Ar
ch

ite
ct

ur
e 

v2
.0

GNA-G Leadership Team

GNA-G Routing WG Network Automation WG

GNA-G Executive Liaison

GNA-G participant CEOs etc

Global NREN CEO Forum

GREN Engineering 
Advancement WG 

Strategic Security Focus Group
https://www.gna-g.net/

Proposed WG: subsea cable 
sensing and smart cables

GREN
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GREN: Collaboration on the intercontinental transmission layer

Data Intensive 
Science WG

AutoGOLE/SENSE 
WG

GREN Map WG

GXP Architectures & Services

GREN Connecting Offshore 
Students WG

Research & Development Operational

Link consortia

APR ANA …AER AmLight

GN
A 

Ar
ch

ite
ct

ur
e 

v2
.0

GNA-G Leadership Team

GNA-G Routing WG Network Automation WG

GNA-G Executive Liaison

GNA-G participant CEOs etc

Global NREN CEO Forum

GREN Engineering 
Advancement WG 

Strategic Security Focus Group
https://www.gna-g.net/

Proposed WG: subsea cable 
sensing and smart cables

GREN

GNA-G Leadership Team
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