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B Historicka pozice
B Opticka sit’ e-Infastruktury CESNET
H Open Line Systém Czech Light

B Specifické prenosove sluzby
B Panevropska sit’' GEANT

B Prenosy velmi presného casu a koherentni opticke
frekvence - projekty

B Kvantova distribuce klicu — projekty
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Doba viaknova

1940 — 3 MHz koaxialni kabel (vzdalenost mezi opakovaci 1 km)atenuaton Bkm)
A

1948 — Mikrovinny radiovy systém 4 GHz

Rayleigh
4 - Scattering

1960 — Funkcni laser - T. Maiman

OH- Absorption Peaks

Infrared Absorption
Loss

/

1970 — Kapron, Keck, Maurer, kiemicité sklo utlum 20dB/km pro 1{um S
0 |= avelengtn (pum)

I | I | I | I I I I
0.7 08 09 1.0 141 1.2 1.3 14 1.5 1.6 1.7

1962 — Vynalez polovodi¢ového laseru
1966 — Charles K. Kao vyrobil viakno — 1000 dB/km

Prvni generace prenosovych systémi
GaAs lasery 850 nm, 45 Mb/s, mnoha vidova vlakna, regenerace 10 km
80. léta pocatek, druha generace prenosovych systému

1310 nm, 1 dB/km, 100 Mb/s, mnoha-vidova vlakna

Pozdni 80. lIéta — 2 Gb/s, jednovidova vlakna, regenerace 50 km
Devadesata léta — treti generace prenosovych systému

1550 nm, problémy s lasery, 2,5 Gb/s pozdéji 10 Gb/s, regenerace 70 km



Doba viaknova s optickymi

zesilovaci

B Optické zesilovace s vlaknem dopovanym erbiem{.

m Ctvrta generace, revoluce v telekomunikacich — _
B Pozdni osmdesata léta, Payne and Kaming (University of Southampton)
B Primé zesileni v optické doméne, stimulovanou emisi

B Zesiluji nezavisle vice signalu (vinovy multiplex), nezavislé na rychlosti
a protokolu

Transponder Transponder
inte faces interfaces
- | .
- 15 1 -
- Post Line amplifiers .
__:|_> amplifier amplifier D__
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Opticka vlakna v siti CESNET

Pre - CESNET2 Topology (February 2000)

B 1999 prvni pronajem temného viakna

B 300km - Praha Brno z 155M na 2.5G
B Zasadni koncepty:

B 2002 Nothing in Line(NIL)

B 2002 jednoviaknové prenosy

B 2003 Cross Border Fibres (CBF)

B 2004 Open transmission system 2007 e —

00 Wors
Dviir Kralové
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B 3000 km viaken (v€etné 350 km jednovlaken)
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Opticka vlakna v siti CESNET

m 2014
B 100Gbps testy
H 1063km, 276 dB

B 655km, v¢. 368km jednovlaken,
DCF+FBG

 CBF
triangle

m 2017

B 56 Gbaud systém 200/300/400 Gbps,
vyzaduje 59 GHz spektra

B Jen 48 kanall, 19.2 Tbps)
B Dosazeno 300 Gbps achieved
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Opticka vlakna v siti CESNET

B Stav 2021
B > 5800 km linek temnych viaken celkem

H > 1390 km z toho jednovlaknovych linek
CESNET2 Topology (June 2020)

Y mmmm Czech Light transmission system n x 100G e PoP mmm  Cisco transmission system n x 100G
B Upgrade z 10G DWDM s kompenzaci CD — cectuon vammason satemnx 106 o Userpint — Coo traramssion e nx 106
Czech Light transmission system n x 10G sarted by 1G w== Infinera transmission system n x 100G
== |nfinera transmission system n x 10G

(10+100G) na systém s flexibilnim e “m e = iy
gridem a az 400 Gbps prenosy e

Vi . S
ACCnet Budapest SANET
GEANT 3 km S0k a0 ko
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~ OLS CZECH LIGHT

B Open Line System — Czech Light

B Pro efektivni vyuziti vilaknovych kapacit (pasma C a L, sdileni

vlaken, obousmérné prenosy).
Nasazovan od roku 2004: ,CzechLight & CzechLight Amplifiers’, 17th
TF-NGN, Zurych, 2005¢

B Nasazeno vice nez 130 zarizeni rodiny Czech Light® v
CESNET?2.
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Optické sluzby v siti CESNET

B CESNET Lambda

Vyhrazena pfenosova kapacita

Nizké (5 us/km) a garantované zpozdéni a jeho rozptyl

VySSi bezpec€nost (odposlech pfenasenych dat je obtizny, fyzicky pristup)
VySSi spolehlivost (minimum OEOQO)

B CESNET Photonic

Sluzba spektra - Cisté opticky pfenos

Vhodné pro aplikace vyzadujici vysokou reprodukovatelnost

Umoznuje komunikaci v realném Case, v€etné procesu s narocnymi pozadavky na dobu odezvy sité (tzv.
,hard real time")

Umoznuje rychlejsi inovacni cyklus a reakci na potfeby pfenosu
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Casové prenosy v siti CESNET

Time Stability

B T UFE (Praha) — BEV (Wien), od 2011 o
® T obousmeérné UFE (Praha) — VUGKT (Pecny), od 2013
B obousmérné T a F: CESNET (Praha) — UPT (Brno), od 2014

x (1), (s)

e Deviation,

Tim¢

11111

Averaging Interval, T, (s)

Brmol

|4
Praha
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Sit GEANT

The Pan-European Research and Education Network

GEANT interconnects Europe’s National Research and Education Networks (NRENs). Together we connect over 50 million users at
10,000 institutions across Europe.

m—>=1Ghps and <10Gbps
—10Ghps
— 20GEps
— 30Gbps .
—>=100Gbps Lease Capacity

ossssssms  Dark Fibre / Spectrum

-]

UK

=
. ]




Projekt GEANT

GEANT GN4-3 (856726 H2020), pracovni baliéek 7 - Spectrum Connection Service
Nova generace sité umozni poskytnuti spektra jako sluzby

SCS - Service Definition publikovano

Vzorové piiklady pouZiti - Praha — Zeneva, Praha Amsterdam

GN4-3 WP7 - Spectrum Connection Service

e =4

CNAF

GARR DWDM 5CS - GEANT DWDM

CNAE network domain network domain CERN

| https://wiki.geant.org/pages/viewpageattachments.action?pageld=120516946&preview=/120516946/154996387/M7-2_SCS-Service-Definition.pdf
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Projekt GEANT

Network
Navrzen TF testbed

Bily dokument ,Distributing New Performant Time % .

and PING ™
Frequency Services over NREN Network™:

OBSPM _ * oM

cesnet

https://www.geant.org/Resources/Documents/GN4- S i
3_White-Paper_Time and_Frequency.pdf B RENATER | grpopisecer®a  E¥c=tl

, . INRIM
GEANT Infoshare: European Time and Frequency ... . & ¢ Consortium

Services - Principles, Challenges and Use Cases GE?@
https://events.geant.org/event/451/ | Hevorta-Sevees-fenge

Laboratorné otestovan prenos s novym HW Infinera
a obusmeérnym zesilovaCem CzechLight CLA BiDi L


https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://www.geant.org/Resources/Documents/GN4-3_White-Paper_Time_and_Frequency.pdf
https://events.geant.org/event/451/

14

Projekty H2020

NMI (=]

CLONETS -DS (2020-2022)
CLOck NETwork Services - Design Study

Definice architektury ktera bude podporovat

VTT MIKESS

TF sluzby na nejvySSi mozné urovni stability a pfesnosti

TiIFOON (2019-2022)

Automaticky provoz linek TF

Detekce a zamezeni oscilaci

Nasazeni na EF Praha - Brno

TF prenosy pro noveé koherentni sité



15

B (QUPITAL) - https://quapital.eu/

IQOQI Vienna, Austrian Academy of Sciences

B Od 2018 QUANtum Photonic Intercity TrAnsmission Lattice

QUAPITAL ,

—

QUAntum Photonic Intercity
TrAnsmission Lattice
Towards @ European Quantum Network —
Outline & Challenges

Innsbruf

Projekty QKD

Implementation Phase (Contract signed)
——Under discussion (Quote available)
= Future Plans (No provider contact made yet)



https://quapital.eu/

B First intercity and international trial in CZ
B OpenQKD (Horizon 2020) - https://opengkd.eu/

B (PSNC, TUOstrava)
B Ostrava - Cieszyn line - 75km, 16 dB

B Line used for data still

- . Projekty QKD

B Lessons learned
B very carefull cleaning, OTDR
B SP(A)D might be advantage
B QBER 2.19%, secret key rate 2kbps

» =
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Projekty QKD

GEANT GN4-3 pracovni balicek 6 - QKD

GEANT Infoshare: Quantum Technologies - Principles, Challenges and Applications

https://events.geant.org/event/353/

GEANT Infoshare: Quantum Key Distribution - Practical Implementations, Challenges,
R&E Use Cases and Standardisation outlook

https://events.geant.org/event/453/

15.10.21 GEANT Infoshare: Quantum Key Distribution, Physical implementation
and testbed

https://events.geant.org/event/1006/



https://events.geant.org/event/353/
https://events.geant.org/event/353/
https://events.geant.org/event/353/
https://events.geant.org/event/353/
https://events.geant.org/event/453/
https://events.geant.org/event/453/
https://events.geant.org/event/1006/
https://events.geant.org/event/1006/
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