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+** Recall: What is a digital twin?

* A high-fidelity virtual replica of a physical system

** The OCATA digital twin simulates end-to-end light paths across multiple bands. It is a deep learning-
based DT for the optical time domain lightpath propagation

% Why OCATA?

e Multi-band (MB) transmission maximizes bandwidth but introduces challenges for dynamically and efficiently
manage the enormous bandwidth.

* Linear and non-linear signal impairments with more channels and longer distances.

** Machine learning (ML) enables accurate modeling of complex transmission behaviors.
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OCATA DT

Consider this example network scenario representing a
multi-band optical network with optical transponders and
amplifiers.

An SDN controller is responsible for lightpath provisioning
and telemetry collection.

The OCATA digital twin operates alongside to support:

* Quality of Transmission (QoT) estimation.
* Failure management.

ISRS effect: we should select set of reference channels for

better modeling

Important components: Telemetry DB and Model DBs
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Demonstration Phase 1

+** Quality of Transmission (QoT) estimation

Triggered by a request from the SDN controller.
. OCATA DT gathers static data to predict if QoT thresholds are satisfied.

. Supports SDN decisions by avoiding poor-quality path setups.

A/

** Output: Lightpath provisioning and QoT estimation of BER
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The DT triggers this procedure in order to
predict whether the proposed lightpath can
meet the required QoT thresholds.

This prediction is returned to the controller to
assist in path selection and service
provisioning decisions.

The estimated QoT serves as a proactive
measure to avoid setting up low-quality or
unfeasible lightpaths.
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Demonstration Phase 1: Finding Candidate Channels

Inputs: Path, candidate channels, modulation format, and BER threshold

Step 1:

¢ Identify all RChs and retrieve corresponding DNN models
*¢ Generate input features and propagate through the DNN
¢ Obtain the pre-computed BER curve for the path

Step 2:
* lterate over channels in descending order of BER from the generic curve
* For each channel:
* Compose features, reconstruct constellation, and estimate BER
using OCATA
* If BER < threshold - return channel
Step 3 (Fallback):
¢ If no channel meets the threshold:
* Pick channel with lowest BER from the generic curve
* Apply NLI mitigation and recompute BER using OCATA

* |If BER £ threshold - return channel and mitigation actions

D)

L0

>

D)

L)

Else: return failure (no feasible channel)

OTA Mini-symposium

INPUT: p, Ch, m, BER,,,
[RCh] & getRCh()
[M] & getModelsforRoute(p, [RCh])
[YiRCh] & generatelnputFeatures([RCh])
[YiRCh ] €< propagate([Y"R<"], [M])

=
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Lo N REWDN

: ch & getChWithMinBER(BERvsCh, Ch
: [Yi,ch
. Yeh . € constReconstruction([Yr <" 1)
: [A7], BER écomputeNLIMitigation(Ych
: if BER < BER, then return <ch, [A]]>

: return None

OUTPUT: ch, [A]

Ch,,, < Ch
BERvsCh & getBERCurve(p)
while Ch # @ do
ch, BER,,., € getChWithMaxBER(BERvsCh, Ch)
if BER,, ., > BER, then
Ch ¢ Ch\ {ch}
continue
[yich . J€& featureComposition([Y*R¢h_ 1, ch)
Yeh . € constReconstruction([Y'<"_ .])
BER®" & estimateBER(Y", )
if BER®" < BER,, then return <ch, ->
Ch ¢ Ch\ {ch}

aux)

¢ featureComposition([Y'R¢h_ '], ch)

out out

out’ m)
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** The OCATA MB estimates features (FeX) for some of the selected CPs using DNN models for related RChs
target channels.

¢ To reduce the number of pre-trained models needed, a limited set of RChs are selected

» A feature composition method is used to generalize this model by leveraging the outputs from the
reference models.

** Then, estimated features are passed through another DNN model, called feature composition to obtain
the features of the selected CPs for the target channel.
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»* The OCATA MB uses a sandbox domain for pretraining DNN models for selected RChs.
» In the sandbox domain, models are trained on simulated data.

» It is important to have a range of models that behave differently but not so many that selecting a
candidate channel becomes difficult.

» As models are fine-tuned they are added to the model DB meaning it is constantly updated
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** Once completed the constellation Reconstruction block estimates the features for the non-selected CPs.

*

* In the case of NLI mitigation, detection areas are adapted to mitigate NLI and improve Quality of
Transmission (QoT), though this is computationally expensive.

*¢* For non-RCh allocated channels, algorithms use the two nearest RChs for feature estimation.
** QoT estimation calculated on features from the feature composition process.

** The resulting lightpath model is stored in the Model DB.
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** Model Tuning

. Uses telemetry from active lightpaths to update DNN models.
. Refines predictions to reflect real-time network conditions.

. Compare pre- and post-tuning QoT estimations.

A/

s Output: Telemetry effect on model behavior (BER)
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+*»* During operation telemetry data is collected and stored in the telemetry DB.

*¢ The model can then be trained (at any given time, or interval) using the data in the telemetry DB to
better approximate the QoT.

** The fine tuned model is saved to the Model DB.
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** The models are fine tuned on features that model each selected CP as a bivariate Gaussian

distribution.
* Each feature vector Yi = [ul,nQ,0l,0Q,0lQ] includes the mean positions (ul,pnQ), variances (ol,0Q), and

covariance (olQ) of the symbols around the mean.
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Demonstration Test Bed

+* In this demonstration we will interact with the
OCATA MB DT through an rest API via Flask.

communication.

™ % A Redis instance is used for internal
(OCATA VM n openstack

OCATA DT

Telemetry DB

docker ¢ A Python client script simulating an SDN

o . :
Q @ influxdb Controller allows attendees to interact with the
_|

. AU > system.

Cien = Model DB

s Telemetry DB implemented with InfluxDB 2.7.1.
) ¢ Model DB uses MongoDB 6.0.23.

.mongo
— =

Sel E

+* Telemetry and Inventory DBs are pre-populated to
improve experiment reproducibility
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+» Demonstration Phase 1: QoT estimation

* Process followed by OCATA DT for lightpath provisioning with and without NLI mitigation
* How candidate channels are selected and why its important
* How the initial QoT estimation is made with OCATA DT

¢ Demonstration Phase 2: Fine Tuning

* The fine tuning process based on collected telemetry

OTA Mini-symposium 16 |



UNIVERSITAT POLITECNICA .o
DE CATALUNYA e N EST(
BARCELONATECH cee DOCTORAL NE

** OCATA leverages Al/DNN models to enable accurate modeling of lightpaths in multi-band (MB) optical
networks.

** The use of pre-trained span models and feature composition techniques allows for efficient and
modular model building.

It is designed to integrate seamlessly with SDN controllers, supporting lightpath provisioning and
telemetry-based adaptation.

+* OCATA supports continuous learning and model refinement, allowing it to adapt to evolving network
conditions over time.
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