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· וֹ MMCFTP *1 ךּ

· SC19 * 2 ḭ100Gbps 5 ךּ ḭ ḱ ṇ ︡ 1
ṇ ṇ ︡ḭ ṇ 416.3Gbps 

2019 11 Ḳ400Gbps ṇ

5

(5 Ṗ

ḱ96TB ṇ פּ ṇ 7 ṕ Ṗ

ḱ 30

ḱ ṇ : DELL PowerEdge R7425

ḱ : 

ṇ : aarnet, canarie, GìANT, Internet2, JGN, NORDUnet, PACIFIC WAVE, SCinet, SingAREN, SURFnet, TEIN*CC, TransPAC

: Cisco Systems, Inc./ , Juniper Networks, Inc./ ṇ ṇ , ḯ

ẁ1ṖMassively Multi -Connection File Transfer Protocol ḭ *2) 11 18 -21 Ẃ ṇ



© 2020 National Institute of Informatics

2022
2019 12 Ḳ400Gbps

6

É2019 12 9 ḭ 400Gbps ḭ -

É צּ ︣ ṇ
ṕ Ể Ṗ

Ḳ SINET ṇ

*

Ḳ ṕ100Gbps Ṗ

Ḳ ṕ100Gbps Ṗ

Ḳ ṕ400Gbps Ṗ

400Gbps 400Gbps
400Gbps 400Gbps

ḱḱḱ

600km

ṇ



© 2020 National Institute of Informatics

2022
2020 4 SINET

· 2018 12 פּ 2020 3 1 Ḯ

· 2020 4 פּ 2 ︡ 2 ︡ḭ 1 פּ 29

· 2 ḭ ṇ ṕ 7 Ṗ

7

ṇ
ṇ ṇ

SINET

VPN

SINET
VPN

ṇ
ṇ ṇ

ṇ
ṇ ṇ

GPU ṇ ṇṇ

L2VPN

פּ ṇ
ךּףּ ḭ ḭ

ḭ

וֹ שּ
ḭ

L2VPN



© 2020 National Institute of Informatics

2022

SINET ṌSINET ṇ Ṍ

· SINET ︣ ḭ ṇ ḱ ḱ
︡ ḭ ṇ ṇ ṡSINET ṇ Ṣ

· SINET SINET ṇ צּ ︡ ḭ ṇ

8

SINET

VPN

SINET
VPN

L2VPNL2VPN

ṇ

ṇ ṇ

ṇ

ṇ ṇ

ṇ

ṇ ṇ

ṇ ṇṇ

NII

SINET ṇ
V פּ ṇ כֿ ︡ שּ
V אל ṇ
V ḱ ṇ

ṇṇṇ



© 2020 National Institute of Informatics

2022

9

·SINET ṇ

· ḱ

· ṇ ךּ

· ṇ

· ṇ

· DC

· SINET

· ṇ ṕSINET ḭ Ṗ

·



© 2020 National Institute of Informatics

2022

https://meetings.internet2.edu/media/medialibrary/2019/12/18/191210_Network_Update_Vietzke.pdf

Internet2 Network

· Internet2 network ṇ

·317 ḭ60 ḭ43 ḱ ṇ צּ

· 400Gbps ṕ 800Gbps Ṗ ṇ ︣ ḭשּ
(CenturyLink) ( Ciena Ṗ ︡ḭ

10

(Dynamic Gain Flattening Filter)

(Reconfigurable Optical Add/Drop Multiplexer)
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ESnet (Energy Sciences Network) 

·ESnet נּ ṇ

·DOE (Department of Energy) צּ ︡ḭ ṇ ḱ ṇ ṇ צּ

·50 DOE ṕ ḭ ḭ Ṗ

·2021 1Tbps צּ טּ 400G 400GbE

11http://grp-workshop-2019.ucsd.edu/presentations/K_MONGA-GRP-2019-KEYNOTE-ESnet6.pdf

CERN
600Gbps
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GìANT Network

·GìANT networkṇ NREN ṇ ṇ

·40 פּ 10,000 צּ ︡ḭ5,000 ṇ צּ

·2025 400Gbps Ṍ2Tbps צּ טּ ḭ
︡ Open Line System ︡ḭ400GbE ṇ ︡ שּךּ

12

https://meetings.internet2.edu/media/ 

medialibrary/2019/12/09/201911-Havern-

GEANT-network-update-v2.pdf
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ṇ Network (LHCONE)

·GìANT ṇ LHCצּ Ḯ ṇ צּ ṇ
אל ךּ ḭ ṇ ṇ צּ

13https://twiki.cern.ch/twiki/bin/view/LHCONE/LhcOneMaps

SINET
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Janet

14R. Evans, ñDeploying 400Gbit/s on the Janet networkò, TNC19, June 2019.

184km (113km+71km)

1 inline amp

245km, 2 inline ROADMs

159km (100km+59km)

1 inline amp

אל
ṕ ḭ 400Gbpsוֹ Ṗ

ÅYou might have thought where we wanted 600G

ÅSome routes too long to run Wavelogic Ai cards at 400G in 75GHz.

· Janet ṇ

·K-12 ( פּ ) 1000 1800 צּ

·2018 8 Birmingham ṨNottingham 400Gbps ︡ḭ
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https://www.amlight.net/?p=3935

630Gbps

https://www.amlight.net/?p=4148

https://www.geant.org/News_and_Events/Pages/

GEANT-and-RedCLARA-announce-signature-of-

BELLA-contract.aspx

ḱ ḱ

· פּ NSF ḭ פּ EU ḭ
100Gbps

15https://www.africaconnect3.net/

100Gbps
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AARNet ṕ Ṗ

·AARNet ḭ ḭK-12 ṇ

· 1100 ṕ : 38, :20, :30, K -12:1000 Ṗ

· 100Gbps טּ ḭ400Gbps/600Gbpsצּ וֹ
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https://news.aarnet.edu.au/aarnet-trials-600-gigabit-

over-live-networks-with-cisco/

Cisco and AustraliaôsAcademic and Research

Network (AARNet) have successfully demonstrated

600 Gbps on the AARNet production network using

Cisco Network Convergence System (NCS) 1004.

This groundbreaking terrestrial trial is a first for

Australia and proves the future scalability of the

AARNet network.

The testing utilized Cisco NCS 1004 flexibility to

adjust modulation format and baud rate to achieve

the maximum data throughput over different

distances. The following configurations have been

successfully tested:

Å600G single wavelength in a metro data center to

data center environment (approximately 15km)

Å500G single wavelength over regional distances

greater than 300km (roughly equivalent from

Sydney to Newcastle, Wollongong or Goulburn)

Å400G single wavelength over inter-capital

distances greater than 750km (roughly equivalent

from Sydney to Melbourne)

(March 6, 2019)

https://www.aarnet.edu.au/network-and-services/the-network#aarnet-national-network
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KREONET

·KREONET ḭ נּ ṇ ṕ KORENּטּצ Ṗ

·200 ḭ צּ ︡ḭ 100Gbps Ṍ300Gbps

·Chicago, Seattle, Hong Kong 100Gbps,  Chicago ṌAmsterdam 20Gbps

17B. Cho, ñKREONet2 Research Networking Global Big Data Super Highwayò, APN47th, Feb. 2019
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CERNET

·CERNET ḭ 2,000 ︣ ṇ

· ṕ21 Ṗ 100Gbps ṕ2017 Ṗ

· 10Gbps ṇ

18Source: Zhonghui Li, ñCERNET/CERNET2 Operation & Measurement,ò APAN43th, Feb. 2017
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19

SINET
Los Angeles

Seattle

Singapore

Hawaii

Guam

Miami

Sao Paulo

Fortaleza

Lagos

Luanda

Sangano

Cape Town

Chicago

Seoul

Boca Raton

Amsterdam

CERN

Paris

New York

Montreal

Boston

Washington

London

Madrid

Taipei



© 2020 National Institute of Informatics

2022

· ḭ שּקּ ễ צּ ךּ

ṇ ṇ

· 400GbEשּ צּ
· 800GbE 1.6TbE אל ḭ2020

ṇ

·100Gbps נּ ṇ ITU -T
·400Gbps 800Gbps

ḱ

· ṇ ṇ ḭ
צּ Ḯ ḭ400Gbps צּ Ḯ800Gbps Ḯ

· 200Gbps פּ 800Gbps צּ

20

ṇ

Ṍ 100km

ṇ Ṩ IF ṇ

ḱ

ṇ פּ 400bE ṇ
וֹ ḭ ṇ

ṕ FEC Ṗ

ṇ



© 2020 National Institute of Informatics

2022

ṇ 5Gṕ Ṗ

21

Sub-6

MNO Ẇ
4.6 -4.8 GHz

28.2 -29.1 GHz
Ẇ

3.5 GHz

MNO

MNO Spectrum Leasing ṕ

Ṗ MNO

Ẇ
3.55 Ṍ3.72 GHz

28/37/39 GHz
Ẇ

3.7²3.8 GHz 26 GHz

3.7²3.8 GHz Industry 4.0 IoT Ẇ
3.7 -3.8 GHz

26 GHz
ú

Sub-6 ṕ Ṗ
Ẇ

1.8/2.3/3.8 -4.2 GHz

26 GHz
Ẇ

5G

MNO MNO-5G

ú ṇ ṇ

3 ( / / ) ẍ 26 GHz Ẇ

· ṇ 5G ḭMNO 5Gוֹ ṇ ḭ צּ
ṇ ︡ ︣ ךּ︡

· ḭ וֹ ḭMNOשּ ṕ MNOṖ
צּ

Sub-6: 6.0GHz Ḳ 24GHzṌ300GHz

MNO: Mobile Network Operator
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IoT Ṋ

Huawei

ú ṇ ṇ

5G

LG Huawei
ú ṇ ṇ

IoT
ú ṇ ṇ

26GHz 28 GHz 400 MHz ú 26/28 GHz ṇ

ṇ 5G ú ṇ ṇ

ṥ Ṧ
ẆḲ 5G Sub-6צּ ḭ ךּ
ẍḲ Sub-6ḭ פּ ךּ
úḲ or ךּ

ṥ Ṧ
ẆḲ 5G ḭ וֹ ḭMNOשּ ṕ MNOṖ נּ
úḲ 5G ḭ נּ
ṇḲ ︡ṕ ú Ṗ

ṥ Ṧ
ḱṡ וֹףּ ṇ 5G ṇ ṇ Ṣ ṇ( )

( ) ṇ ṇ PART804ṡ ṇ ệỒ ḭ ṇ ṇ (3) Ӷ 2019.9.25
http://ahri.co.jp/business/forum/backnumber/2019.pdf

ḱṡ5G ṇ Ṣ
ṇ 5G ṕ 3 Ṗ 2019.1.10

https://www.soumu.go.jp/main_content/000594337.pdf

http://ahri.co.jp/business/forum/backnumber/2019.pdf
https://www.soumu.go.jp/main_content/000594337.pdf
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