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* Optical layer disaggregation
* Uncertainty on optical margins
* Recent work on embedding ML into control plane algorithms

* Control plane design: simulation or experimentation?
* Open testbeds: COSMOQOS, Openlreland
* Open emulation tools: Mininet-Optical

* Merging simulation with experimentation
e Use casel: Metro front-haul provisioning
e Use case2: Building a QoT estimation algorithm



 The open networking movement has permeated across all aspects of networking:
OpenRAN, cloud Central Office (SEBA), disaggregated optical networks.

* This show the optical layer disaggregation process:

Single-vendor Control, Integration, Support
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* Mix and match transponders, amplifiers, ROADMs, control loops, optical control plane
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QoT prediction using random forest ML algorithm
Dependency on training set size

Using gradient descent on input parameters of QoT
tool to reduce uncertainty on margins.
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Network infrastructure experimentation good for: Network simulation good for:

- Data collection (especially training of ML - Fast and ubiquitous experiment setup and
algorithms) testing

- Compatibility test with hardware interfaces - Testing and debugging of conceptual ideas

- Understand constraints (features, timing) from - Scalability to thousands of nodes

hardware devices
- Ultimate test on operability

- Accessible to all



a) Experimentation through open testbed

Open testbeds can be accessed by industry and academy researchers who
cannot build their own testbed infrastructure:

US-based COSMOS
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More at: https://wiki.cosmos-lab.org/wiki



https://wiki.cosmos-lab.org/wiki

a) Experimentation through open testbed:
O pe n I re | an d www.openireland.eu
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a) Experimentation through open testbed:
global interconnectivity
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Linux Networking subsystems: R
network namespaces (netns), Open vSwitch (OvS), virtual ethernet (veth),

\ Kernel traffic control (tc), network emulation (netem) )

A. Diaz-Montiel, B. Lantz, J. Yu, D. Kilper and M. Ruffini. Real-Time QoT Estimation through SDN Control Plane Monitoring Evaluated in

Mininet-Optical. IEEE Photonics Technology Letters, April 2021.

A. Diaz-Montiel, A. Bhardwaj, B. Lantz, J. Yu, A.N. Quraishy, D. Kilper and M. Ruffini. Real-Time Control Plane Operations for gOSNR QoT

Estimation through OSNR Monitoring. OSA Optical Fiber Communications Conference (OFC), June 2021

B. Lantz, A. Diaz-Montiel, J. Yu, C. Rios, M. Ruffini and D. Kilper. Demonstration of Software-Defined Packet-Optical Network Emulation

with Mininet-Optical and ONOS. OSA Optical Fiber Communications Conference (OFC), March 2020

Node types:

* Transponders: modulation, baud rate, power,

wavelength, BER from gOSNR

ROADMIs: insertion loss, variable attenuation,

wavelength routing, booster/preamp

* EDFA: linear gain, wavelength dependent gain, ASE,
automatic gain control mode

* Fibre length: attenuation, dispersion, SRS, nonlinear
impairments through the GN model

* Performance monitors to emulate different types:
power, OSNR, gOSNR,...

def build( self, txCount=4 ):
"Build our network topo"
hl, h2 = self.addHost('hl'), self.addHost('h2')
transceivers = [('t%d' %t, e*dBm, 'C')
for t in range(1, txCount+1) ]
t1, t2 = [ self.addSwitch( name, cls=Terminal,
transceivers=transceivers )
for name in ('t1', 't2') ]
self.ethLink( h1, t1 )
self.ethLink( h2, t2 )
boost = ( 'boost', dict(target_gain=1.0) )
spans = [ 50.0, ( 'ampl', dict(target_gain=50%*.22) ),
50.0, ( 'amp2', dict(target_gain=50%.22) ) ]
self.wdmLink( t1, t2, boost=boost, spans=spans)
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B. Lantz, J. Yu, A. Bhardwaj, A. Diaz-Montiel, A. Quraishy, S. Santaniello, T. Chen, R. Fujieda, A. Mukhopadhyay, G. Zussman, M. Ruffini and D. Kilper. SDN-controlled Dynamic
Front-haul Provisioning, Emulated on Hardware and Virtual COSMOS Optical x-Haul Testbeds. OSA Optical Fiber Communications Conference (OFC), June 2021



Four ROADMs:
(ri,r4): 1-degree
(r2,r3): 2-degree

Links are fiber pairs (i.e. both directions)

Endpoints: Data Centers (h1, h4); RU aggregation (h2,
h3)

90 transceivers/channels per endpoint

End-to-end model with Optical (ROADM rN, Terminal tN)
as well as packet (Host hN, Router sN) elements

Provisioned Lightpath
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* The emulation shows an example of

how the lightpaths are reprovisioned
over time.

Number of Lightpath

Watch the video at: https://www.youtube.com/watch?v=Bi2E-sGytMc Time (hour)



https://www.youtube.com/watch?v=Bi2E-sGytMc
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Run same controller used for Mininet-Optical for setting up
and tearing down of lightpaths:

- Configuration across multiple ROADMs

Configuration of transceiver

- Measurement of power levels
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Modified propagation distances

Run same controller used for Mininet-Optical and COSMQOS

for Openlreland:
- Configuration across multipl
- Configuration of transceiver

e ROADMs

- Measurement of power levels, BER

stroila@ol02:~/testbed-setup$ sudo python3 test.py
1) get powers; 2) get 0SA; -> 2

marker: 193.93398,-17.57DBM

Control plane

@ fslyne@ol02: ~/optical-network-emulator/ofcdemo

onfigWs etup_Start
Successfully Added C ctions
install a lightpath for traffic successfully!
source ROADM {'name' 'false’',
end freque '192775 41015
power':
destinat
0', 'end freque
tput power':
wngrading
owngrading
downgrading
downgrading lightpath
wngrading lightpath
receiving new request
request_source_destinatio
install a new lightpa

'start frequen
'input power':

'in-service',
'4201°',

'status':
utput port':

ed’
ort
.0'}
to 100G
to 100G
to G
to 100G
to 100G

'false', 'status':
*5101', ‘'output port'
'attenuation':

capacity from

capacity

capacity

capacity

capacity

at node r2

info t2 tl
traffic!

lightpath
lightpath
lightpath

uccessfully A
Setup_Start=
tions
etup_Start
ctions
etup_Start
Successfully A nections
install a lightpath for traffic successfully!
urce ROADM {'name': CH33', 'blocked' 'false’',
'193025 ’ ‘4jol°,
'attenuation

uccessfully A
'in-service', 'start frequency'
s, Y

'status’':
'output po

'status’':
'output port'

'‘in-service',
o1°,

'‘false’',

'193025.00", 'sio1°,
'attenuation':

capacity
capacity
capacity
capacity
capacity from
capacity from

'end frequency':
tput power':
grading
downgrading
owngrading
wngrading
downgrading lightpath
wngrading lightpath
receiving new request at node r2
request_. rce_destinat info t2 tl
install a new lightpath for traffic!
onfigWSS_Setup Start=
uccessfully Added ions
ConfigWSS5_Setup_Start=
uccessfully Adde C ions

lightpath
lightpath from

from

[('c2 vril;: 1)

Co:
ConfigWSS_Setup_Start=

stroila@ol02:~/testbed-setup$ sudo python3 actions.py test
Output powe 1.200000e-01

Input power: 4.100000

Current output power: 4.600000e-01
Operation status: ready

DSP operation status: ready
Modulation format: dp-16-qgam

Laser frequency: 193900000000000
Post-fec BER: 3.412794e-0

Pre-fec BER: 2.448365e-02

SD-fec BER: 2.447128e-02,2.449601e-02
HD-fec BER: 8.164130e-04,2.049768e-02

'start frequenc
'input power':

5.00', °*
'output

5.0

'192975.00°",

.00

'start frequency':
'input power':

’

'output




Control plane algorithm test on testbed: \

Control plane algorithm development and test based on simulation:
- Online learning through agent that loads the optical spectrum with optical channel and measures OSRN variation

- Through multiple iterations the agent improves strategy for channel selection
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Control plane becomes aware of all devices, their interfaces, their
behavior, their response time... and how to read and interpret the
results

... to be continued...
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Optical layer disaggregation extend the open systems concept to the
optical layer.

Machine learning can provide advantages in automatic most decision.
However, it is critical to develop and test such ideas considering control
plane and real hardware limitation.

Shown examples of open testbeds that can enable testing remotely.
Shown the (soon to be released as open source) Mininet-Optical, for
fast deployment.

Synergy between simulation and testbed experimentation to use same
controller across two platforms.
Still much work to be done..



