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*1) Massively Multi-Connection File Transfer Protocol. *2) 11818-21H@XKEF>/(—
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i ) - AL LCAN A, 0 .
the experiment : : - 11/21(K) E—%:416.29Gbps  FixEE: 387.47 Gbps
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I'd
400 G /
w 300G
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Arctic Ocean 200
100G
Arctic Ocean
Arctic Ocean ; X OOO:OO 0600 12:‘00
Oin  (max416.29G avg:57.29G last:13.07) Mout (max:142.05M avg:18.93M  last:3.03k)

Max Bandwidth: 500G bits/sec

Provided by SINETS operation center

KRERD ;ST v ORR(SERSET)

RERHTE

- 96TBT—HEREHN 55T > /)\—(C7EEExX (AT URIERX)
- BRXBSRI3 054

- H—)\i4#E: DELL PowerEdge R7425

- RERIR D (BHEEHIHEIS

PapuaNew- — _ _ _ — —

Guinea
CHF Qe

v RDJ—27%373: aarnet, canarie, GEANT, Internet2, JGN, NORDUnet, PACIFIC WAVE, SCinet, SingAREN, SURFnet, TEIN*CC, TransPAC
BERAT33 70 Cisco Systems, Inc./S RIS AT AXERES4, Juniper Networks, Inc./S 1 =/(—Rwv RNDO—OZ%REH, TS, BARILS AKX EHT

© 2020 National Institute of Informatics



g)/vsr

Ao

2022

2019 12A : 400GbpsEIfRDIGE:

¢ 20194 12A9H. HARRKED400GbpsEliRE. RR- KR TEMBLR

& XKEZESEHENISIHRTVU7 LABETYPETDT—5iE
gEEgz#FE (J\oy hOX(K0I(2)

ERERFICX DO

400Gbps

m

HER APBR
400Gbps 400Gbps
LR EE J74)\E 600kmBl Lt (LR EE

N P S
\ 7 X dA7IEK

¥IJ714)\ XI74A4N

\

ORET>#HIIIE—
L > M EXRE

400Gbps

m

[@%H%@j?ﬂk%774ﬂ]

: SINET/ — R

O 1
N EAER (400Gbps)

© 2020 National Institute of Informatics

: EMEHE (100Gbps) |
. ERENR (100Gbps) |

6



77 2020fE4ALUESE/ 1 IILSINETZE

o 2018F12AH 52020 3AFTH1KIARMREEM. SERBMARI OS> T hMaziE
o 2020fF4AMSE2ME UTHIMZ2FRER L. F1RD 5 2941
o SE2RARIPHER;, RENRT—VRESEDR (REFMIEE7H)

ST “ BB
£ LB B0 — S L] e

FEITICHNT, BARISD B,
AFETE SRR IEEED
WIPISIRSE . EROUNIBIREE
&R (CHIATIEE

[

BRI T3 < ESAILIE
LZEMEET. HES P
SEIS AR 1B

e B o I
=

RF 1% WAAHEUR _u
raET ) 7P Eﬁnﬂgﬁﬁj S1=5+ _! = )
= = . =
s 1ol R $ $

© 2020 National Institute of Informatics 7



7 BICILSINET;EREH ~SINETA NU—A~

o E/NMILSINETZERER T SIzsh, —FUEE - B - FIRICRERBARY I MIIT
EUT, PITVUS—>3a RAFREZEBINYT—> [SINETRA MNU—A] ZiEfH

o E/\AISINETESINETR MU—LDEEL T, T—9@RIF7T URREEZIE
SINETR hU—A

v I HENSOBAIT YD ZF U <UINE
v IRESNET—FZ U TIVIA LICHRT
v INEE - T — Y DER

L2YEN._ VPN L2vPN J

7
..... s
~~~~~~~~ Ay
~~~~~~~~~
~~~~~~~

/
;
) oy ":7 o>
& S’IN,ET:%&/E\ . 7
S DN E U= TS
1 NPNESTEMERE.
- A U

e BB
A SINETERIREM A

o 2
=" @ -dg(? .
p - I
- y—
[LEEE T 77 G:)) sk :_:,_-—7—?: N =
- O 2ULU INUUOT A TSt Ut ...%.#.atics




o ;BIEDM - FHTE)]

© 2020 National Institute of Informatics

9



f”""” ¥E Internet2 Network

e Internet2 networklIREDSEFHEHEZIODIEOORRBERHRY ND—D
e 317DKE. 60DMFFHEE. 43Dt - MEBRY MDD —Ih\EH

o« 2XK%&400Gbps (A ;OIE800Gbps) ANEFYITIL—RINRL, ik I 71\l
(CenturyLink) &E#it{rixiRiE(Ciena) &AL, REMHED

ciecna CORNING
N G I O pt| Cal U pg rad e Experience. Outcomes. SMF-28 Ultra Optical Fiber .

Program Highlights

. Nationwide Upgrade of Optical Kit
Open Line System
. Flex Grid (>100 Ghz channels)

Upgraded SMF28 ULTRA
Fiber on many paths / some new huts

. New Wavelogic 5 400-800G
transponders for Intemet2 backbone

— 95 gigabaud at 105 Ghz spacing for distance
Substantially greener profile (space, power)

1 3 Imple me ntat|0n phases B ROADM (Reconfigurable Optical Add/Drop Multiplexer)
O DGFF (Dynamic Gain Flattening Filter)
HOr®  Fiber Segment Endpoint

Implementation underway

H & : https://meetings.internet2.edu/media/medialibrary/2019/12/18/191210_Network_Update_Vietzke.pdf
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o ESnetlZREDHFMRZZADILHDEMEEMATERY hDO—2
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e SOODOEMFEHR (REZHAFKE. R/)\O>, EELBFERS) &k
o 2021£F(C(IERA1TbpsEl EDFIHLHETH D 400Gk R E400GbEDEA Z #R5HH

Jun 2021 (Optical) Bandwidth Capacity Plan
(Based on 29-year (adjusted) trend usage prediction analysis which includes Feb 2019 traffic data, and additional site input)

. =
B

SEAT ()
v
e )
¢
NETL-ALB O

aie
-

NETL-PGH Q) PPPL == = X XD BNL725
sl + NEY 32/‘\OA
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DOE-GTN O === B
) St PHIL
0G"e
1 anGe
DOE-FORR Q jiilE == « - -
LLNL-DC Q775
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.......
bt

» () BNL515

.
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ELPA

*Rates in bits per second

CERNADEBRE#(
600GbpsA

AMST
« 300G
L) -
*\ 1300G" « _CERN513
a Ve

r LOOND- SERNT73

EPL services on Site Owned/Leased Dark Fiber
Purchased EPL Services

110G Site Owned/Leased Dark Fiber

== ESnet IRU Dark Fiber

SRS 6

Optical Add/Drop Locations

@ ESnet

Q sites with ESnet Co-located Equipment

Hi & : http://grp-workshop-2019.ucsd.edu/presentations/K_MONGA-GRP-2019-KEYNOTE-ESnet6.pdf
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LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle I, Pierre Auger Observatory, NOvA, XENON P T M«L
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e JanetlIREDHKRBERY FDJ—D
e K-12 (WEHSHERET) 2=V 1000#EID18001H AL EHFIF
e 20184 8A(CBirmingham — NottinghamR@(C400GbpsZ&EA L. REHLREMRETh
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7

— 100G

— 200G

245km, 2 inline ROADMs r
— e Manchester  § Leeds

184km (113km+71km) 159km (100I_<m.+59km)
1 inline amp 1 inline amp

BLRIODAE R sTIEI S LICHE AR
(BE. BFEHIEF400Gbpsit)

* You might have thought where we wanted 600G
* Some routes too long to run Wavelogic Ai cards at 400G in 75GHz.

Hi B :R. Evans, “Deploying 400Gbit/s on the Janet network”, TNC19, June 2019. 14
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&5t630Gbps = . - gjﬁ g

L :
Madld/ \}.)5\
100Gbps{ kt
100Gbps > I
\ 2 N iy . . ' i A p—
\\ mmp?"% Fortaleza o e :
\\ 100Gbps '
\ O cLARA
LANautil d |
autilus Protecte
Monet Express DEN et
I Telefonica Protected
AMPATH
— 100 Gbps
——— 10Bbps e =
https://www.amlight.net/?p=3935 https://www.amlight.net/?p=4148 n
October 2010 October 2016 December 2019 https://www.geant.org/News_and_Events/Pages/

GEANT-and-RedCLARA-announce-signature-of-
BELLA-contract.aspx

https://iwww.africaconnect3.net/ 15
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e AARNet(IFRMDAKRE, MFRHE,. K-12FDIEHDOMRBRHEFRY ND—D
o FIAKERIZN(X110058 (K=: 38, TAFHERES: 20, EEHERES:30, K-12:1000 &)
e RIRIEZ100GbpsDIER TH DM, 400Gbps/600GbpsitiCmlT/=R5k% RhiE

Darwin

¢ Cairns
. Townsville
» Mackay

+—e Rockhampton
e Gladstone

Emerald @

Alice Springs Blackwater

? MRO Romalk # Sippy Downs
o Brisbane
« Geraldton s Lismore
: Armidale
Narrabri s

Kalgoorlie

Perth S

Broken Hill ¢ Port Macquarie

\F‘ortﬁugusta
L ]

Whyalla @

¢ Newcastle

U Parkes ¥
Mildura .... Syd ney

Adelaide Sheppartong/g— Wollongong
Victor Harbor Bendigo ¢ Canberra
Mt Gambier @ zilz:: _. o
9" || Melbourne
KEY
(] AARNet Network Access Points
. Key Regional Sites
——— 10 Gbps
n* 100G DWDM Transmission Hobart

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

Cisco and Australia’s Academic 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:

* 600G single wavelength in a metro data center to
data center environment (approximately 15km)

* 500G single wavelength over regional distances
greater than 300km (roughly equivalent from
Sydney to Newcastle, Wollongong or Goulburn)

*+ 400G single wavelength over inter-capital
distances greater than 750km (roughly equivalent
from Sydney to Melbourne)

(March 6, 2019)

https://news.aarnet.edu.au/aarnet-trials-600-gigabit-
over-live-networks-with-cisco/
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T 35 KREONET

e KREONETI(X. EBEDARZZASEIEERY FD—0 (BEHICKOREND$HS)
e 200DKE. HAFRHESHFIBL. EEMRE100Gbps~300GbpsTiEx
e Chicago, Seattle, Hong KongZ100Gbps, Chicago~Amsterdam#% 20GbpsT&fx

KREONET POP
KRLIGHT POP

*100G upgrade for international network: Seattle, Hong Kong
*New GigaPoP in Korea: Chuncheon

B. Cho, “KREONEet2 Research Networking Global Big Data Super Highway”, APN47th, Feb. 2019
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Source: Zhonghui Li, “CERNET/CERNET2 Operation & Measurement,” APAN43th, Feb. 2017
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o EFREIRE. ERAREHAFTRIOSII M (LHC, LSST, SKAE) DERICKD.
RECIEMEINSHERICH D

- ) AmLight : 230Gbps—630Gbps. ESnet : 300Gbps—600Gbps (planned)
Ay _ k
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