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N DFF The National Dark Fibre FaC|I|ty

EPSRC National Dark Fibre Facility
Strathclyde N D F F

EPSRC National Dark Fibre Faciity

The National Dark Fibre Facility

is an EPSRC National Research
Facility supporting research into
new communications technologies
for the future internet
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® Layer 2 access
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32 ‘ N DFF The National Dark Fibre Facility

EPSRC National Dark Fibre Facility . FF

EPSRC National Dark Fibre Facility

Strathclyde

NDFF provides:

* anetwork of over 1000 km of single-
mode optical fibre, together with control
and monitoring systems (provided
through the Jisc Janet Network).

e access to a dedicated dark fibre network
at the physical layer, through access
points at four universities and major
internet exchanges.

* access for researchers throughout the UK
via Layer-2 connections, equipment

® Access points and
major connections

® Colocation sites
® Layer 2 access

Liverpool

Cambridge

‘e
e
‘e
ey
.

hosted at access points and remotely. e qum,;Hub
* areliable, ultra-high-bandwidth network Exchange, UCL\| fInktoBT
_ o __ & & Telehouse
that can be configured remotely and Bristol Reading KCL
dynamically. S Thapion ;
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EPSRC National Dark Fibre Facility

The NDFF research network can be

utilised by a wide range of users,

including EPSRC funded researchers,

industrial partners, other public
bodies and overseas research
collaborators.

Researchers can access the network
both directly, by installing equipment
at a host university, or by attaching to

N D Access to the network

Industry R&D

Academic International

researchers research
network

NDFF infrastructure

the network remotely through the

Janet Netpath service.
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SNDFF  infrastructure

EPSRC National Dark Fibre Facility

* All nodes have optical switches and

4 ) P
amplifiers installed.
Southampton ucL Cambridge
Polatis optical switch
= 8x8 THE
16x16 ——
X4 ) 16x16 - 4x LeaPhotonics EDFAs
X 8x —[)—
Bristol —(O—(O —Reading (@) Telehouse 3232
8x —|>— ) )
16x16 P 32x32 T |  All nodes have L2 switches hosting up
P 8 - : to 48 channels using 10 Gbit/s SFP+.
Slough | Janet
5G Exchange  Netpath
\§ J
* All nodes have switchable optical
Access Points  (O) C_‘t"ocat'on % Optical switch dispersion compensation.
sites
Major interconnection points )—  Optical amplifier
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EPSRC National Dark Fibre Facility s
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latis
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connections: NDFIS_Telehouse

o Stamus
JCunn ection Map l l Connection Table l <« EventlLog
o Set Password
o Logout
Connections +* Applicatipns *  Places = irefox Web Browser Tuel6:27 O #) O
Moxzilla Firefox - a x
Polatis - Achieve... X Polatis - Achieve... % Polatis - Achieve... X Polatis - Achieve.., X Polatis - Achieve... X Polatis - Achieve... % Polatis - Achieve... X Polatis - Achieve... % | http://172../edfacgi * | +
< Port Status €)®[172.16.50131 g e ||Qsear wE ¥ AU =

R B=R PHOTONCS

o Configuration - - r
- Alarms * LIGHT FOR EVERY RFPLICATION

o Power Levels

Attenuation Input (dBm) | Output (dBm) [Internal Temperature (C)| Voltage (V)
Current: [20 [voltage: [3.5
i i Input: -9.8/Output: 10.3
o Optical Attenuation npu utpul Upper Limit: [65  [Upper Limit:[3.8
Lower Limit:[-40 [Lower Limit:[-6 |[Lower Limit: [0 [Lower Limit:[2.8

Clear All Connections Refresh Connections

Laser One Bias Current (mA)|Laser One Temperature (C) [Laser One Power (mW)

i & " e [Current: 25
Ll 0 a I s Hrrent [Upper Limit: 35 |current: 18
Copyright ® 2009-2012 | i

[Upper Limit: 720 [Lower Limit: 15
[Module: [C-BAND-EDFA[Hardware Version:[1.04  |[Serial Number:[LEA155177 | Mode: [Constant Optical Gain: 20 dB
3 Software Version:[1.04 Production Date: 06/08/15|Part Number: |CEFA-644-00[Shutdown in case of loss: YES
Optical Power Measurement: NDFIS_Telehouse ‘ ‘ | ‘ [ ‘ i |
Egress OPMs
Port|Power (dBm)[Alarm State [Input Power Alarms|Output Power Alarms| [ Internal Temp. | Laser Temp. _|Laser Bias.| Power Supply |
17| osan Clear (Global Alarm OFF 5, OK [LOW: OK _|HIGH: OK_[LOW: OK | " [HIGH: OK|LOW: OK|HIGH: OK|LOW: OK|HIGH: OK__|[HIGH: OKJLOW: OK|
18 6.490 Clear
M H H H 19 ] 3027 Clear Back
ptical switch contiguration | 0w | cew
21 -30.58 Clear
. . 22 -30.32 Clear
and remote power monitorin nl wn ] oo
24 -9.260 Clear

EDFA control and monitoring interface
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N D FF Facility enhancements

EPSRC National Dark Fibre Facility

NDFF is developing and extending the Aurora2 14 Splitter  4x1 WSS
physical network of NDFIS, adding: —

* Dual fibre pairs on all routes

* New fibre link to Slough Virtus to link to 5G
UK Exchange for connectivity to 5G UK test
bed and L2 connections

‘ i el

YYYY

 Metro-scale mesh network at Cambridge
4x4 Wavelength Cross-Connection

* Wavelength routing at major interconnects

e L-band optical amplifiers
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N DFF Applications

EPSRC National Dark Fibre Facility

L N o0 L R
ee L X J o0

e Optical communications

e Software Defined Networking
* Wireless research

* Next Generation Internet (NGI)

e Quantum Communication

* Immersive and Virtual Reality

* Precision Time and Frequency
Distribution
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i N DFF Optical phase conjugation

EPSRC National Dark Fibre Facility

LD1...LD6 Southampton Reading Powergate London
l
[

% = Q) 480 Gb 834 k
S o R[] ORI SO g Topskm):
@ Launch — Q % e ‘q :I e q D 2 pol x 4 bits per symbol
" pg:zr i [>+ 1@04km [>|:| ) m >] x 10 Gbaud x 6 channels
SO el e

Signal to conjugate

Power (5dBidiv.)

Power (SdB/div.)

N/

Pump 1 High Power ] - e
PC Narrow band filter ey T W [ ——Afer HNLE |
Ultra-narrow OO0 ]
CW laser > % o Signal band
10% . 1
HPFA filter . z -
3dB [ Conjugated 1

f\/ H
90%  HNLF N Signal
PC HPFA \ 1
Ultra-narrow OO0 ,|> ~ > |
CW laser AT "% 1810 1811 2 158 MW 1815 18% 187
High Power Wavelength (nm)
Pump 2 Narrow band filter

UNIVERSITY OF
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EPSRC National Dark Fibre Facility

NDFEF optical phase conjugation

LD1...LD6 Southampton Reading Powergate London -
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N DFF UK long-distance quantum network

EPSRC National Dark Fibre Facility

e 129 km of NDFF (28dB loss)

* Longest, highest attenuation CAM
QKD field trial reported

* Uses QKD equipment from

Toshiba DUX
Toshiba SSEree srrerss
BS
? FR READ PG TELE
I

‘ BRIS

UKQN — linking Cambridge and Bristol — over NDFF ”
Ele QKD Alice QKD Bob

— - Electrical A\ . .
B UNIVERSITY OF @ r;f;i;:?earmg \%«\E§QQL%TCATIONS Telehouse London Cambridge Electrical
¥ CAMBRIDGE IS A\ Engineering

CHHOUDHES
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N DFF UK long-distance quantum network
e EPSRC National Dark Fibre Facility
e 129 km of NDFF (28dB loss) 4
* Longest, highest attenuation CAM 3.5
QKD field trial reported Z ;
* Uses QKD equipment from f‘z,s
Toshiba g ,
B Toshiba % 15
0- -0 -0--0--
FR READ PG TELE 0.5
I 0
0 Days 90
‘ BRIS * Secure key rate 2.7 + 0.3 kb/s over 129km

UKQN - linking Cambridge and Bristol — over NDFF with 28 dB loss

e Stable operation over more than 3 months

g8 UNIVERSITY OF (P Eecireat N EomMiRicaTons
<% CAMBRIDGE A L
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N DFF Abstraction of optical network
EPSRC National Dark Fibre Facility 20 . . . .
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EPSRC National Dark Fibre Facility

Planning Service

N D FF Crowdsourced live video streaming

5 x VLANs CLVS traffic 5 x VLANSs interconnecting VNFs
ETSI NFV ppI A —Fw
NS Model VNE /| et VNE
f T | | Towards
Lol Control Plane Net2Plan A (_:0””0:1' N video
| | | N connectivity ~ Orchestration an | | | | editing
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N D FF Crowdsourced live video streaming

EPSRC National Dark Fibre Facility

Net2Plan OsSM OpensStack OpenStack Parent SDN Optical SDN Voyager Voyager Packet SDN
Network | Retrieve info, | VIM {I.IHCEN] VIM {ﬁMEH} Controller Cnntrnllezlr (ONOS) Bristol BT Controller (NetOS)
. [ " | I I I I I I |
Planning Upload NSD | \ F | : : :
Time "l | : I : : : : :
6.059s ||| Deploy | : : | | |
7% gllinstantiate N§1_FW VNE_, ! Deploy DPI VNE! DEF"Wth:‘N.TAPI: Deploy | | i i
' | VNFs being connectvity [oCh between | | | |
' instantiated ”vNFS activation | between 2 _igipg | Asetup | | L
! End-to-e;nd + VLAN ID { compiled - : i connection
E2E network | | connection ' —1 | | 'y setup time
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setup time | | le Link discovered i Discovery
: 131.549 s ! TAPI: Provision VLAN between Voyagdr switches |
I 4 Ll
: - WAN connectivity deployed I VLAN provisioned IT n‘
- T T T 1
292,679 5 VLAN Deploy WAN connectivity: VLAN + endpoints,t  TAPI: Provision VLAN betwien Voyager switches |
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. 20129s WAN connectivity deployed VLAN provisioned | | |

% University of
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N D F F CASMS — Context Aware network

EPSRC National Dark Fibre Facility architectu res for Sending Mu|t|p|e Senses

; : ; University College University College
Focus is on collaborative VR tasks and experiences. L ondon (CS) }Il{ iy

nterna

- mandates an understanding of network and users. VR Lab Touch Lab
Determining network performance and requirements: NDFIS (1003555\/%)\ (06ps Aurora2)
- Using standard and new network metrics (QoS) = Major KiteeoTsErion: © ColEaNG o Combridee
- Linking network quality to human factors trials (QoE) T 4x
o - -l 4x —H— 4x P~ 8x —D— 6x —D— 8x | — pa—
I Bristol ) ' Reading L Telehouse -

o e e s

\
Potential VR lab I

Janet National & International

Beneﬁts Of NDFF: connection Southampten Connectivity services
* Uncontended (quiet) fibre s oy i JANET I i JANET - '
. ,<10* _Ping time -roundtrip latency (ms) 100Mbps VPN (10Gbps Lightpath)
access for experiments. (100Mbps VPN Ps HonPe Jane
. 87 ] University of University of
High speed, low latency Z,| _ Liverpool (CS) (-~ -~=->| Liverpool (EEE)
.. i Interna
connectivity. B R I T oo i
Ping time - round tl;ie::ﬁ:::ncy (ms) over time Internal , -7 VPN “’cross the Mersey ”

20 y T T T T T T /
gz I Im NH “ | “I I || | |l m “ | VEC Liverpool |~ VEC Daresbury
5 | Campus Laboratory

’?] NINMERSITY 0 500 1000 1500 2000 2500 3000 3500 ﬁ

Time
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N DFF Summary

EPSRC National Dark Fibre Facility

 The UK National Dark Fibre Facility provides
Layer 1 and Layer 2 access to a 1000 km dark
fibre network, which is software configurable
and has rich connectivity to other networks

* |t supports academic and industrial research
on new network technologies

* |t supports a wide range of applications
including optical communications, quantum
communications, and immersive and virtual
reality research

 Planned enhancements include connection
to a large Layer 2 exchange and the addition
of a metro-scale mesh network
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*NDFF

EPSRC National Dark Fibre Facility

Thank you!
How to contact us

General information: ndff@ee.ucl.ac.uk | www.ndff.ac.uk

Direct enquiries: Dr Lalitha Ponnampalam | l.ponnampalam@ucl.ac.uk

Dr Martyn Fice | m.fice@ucl.ac.uk

Prof Alwyn Seeds | a.seeds@ucl.ac.uk

In Partnership with

Formal access requests: Complete an application for at www.ndff.ac.uk/how-to-access-ndff
= UNIVERSITY OF UNIVERSITY OF

T— T e B
BRISTOL ¥ CAMBRIDGE Southampton L ey JISC
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