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Outline

• What is a Network Digital Twin (NDT)?

• NDT in Optical Networks

• Issues and Challenges

• Case study: ML-based soft-failure localization using NDTs
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What is a Network Digital Twin?

M. Bertoni, A. Bertoni, (2022), Designing solutions with the product-service systems digital twin: What is now and what is next?, Computers in Industry, Volume 
138, https://doi.org/10.1016/j.compind.2022.103629.

• But first, what is a digital twin? It is much more than a digital model or a simulator …

W. Kritzinger, M. Karner, G. Traar, J. Henjes, W. Sihn, Digital Twin in manufacturing: A categorical literature review and classification,IFAC-PapersOnLine, Volume 51, 
Issue 11, 2018, Pages 1016-1022.
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What is a Network Digital Twin?
• Network Digital Twin (ou Digital Twin Network)

Source: IRTF draft-zhou-nmrg-digitaltwin-network-concepts-00
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What is a Network Digital Twin?

1ST INTERNATIONAL WORKSHOP ON TECHNOLOGIES FOR NETWORK TWINS (TNT 2022)
https://noms2022.ieee-noms.org/ws4-1st-international-workshop-technologies-network-twins-tnt-2022 

https://noms2022.ieee-noms.org/ws4-1st-international-workshop-technologies-network-twins-tnt-2022
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What is a Network Digital Twin?
• Digital Twins in Optical Networks

IEEE Comm. Magazine 2021

OFC 2022
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NDT in Optical Networks
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NDT in Optical Networks
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Parameter Real Telemetry Virtual Telemetry

EDFA_1_Pout 10 dBm 10.5 dBm

EDFA_1_Pin -15 dBm -14.7 dBm

TRX_2_OSNR 15 dB 17 dB

TRX_3_OSNR 13 dB 13 dB

TRX_5_OSNR 16 dB 14 dB
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Issues and Challenges
• How to address inconsistencies between the virtual and the real network?

- Some parameters can be read directly from the real network (e.g. fiber attenuation)
   - Other parameters must be estimated from the model: e.g. OSNR

• NDT models should be optimized to yield measured parameters
• GN-based models should yield considerable deviations (QoT estimation discussion!)
• ML-based models
• Numerically-optimized models (e.g. gradient descent algorithm)
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Issues and Challenges
• How often to update the virtual network?
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Issues and Challenges
• Other issues (IETF)

○ Large-scale challenge (scalability, storage, data compression)

○ Interoperability 

○ Data modelling

○ Real-time requirements

○ Security risks
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Case Study: ML-based Soft-Failure Localization

• Lesson learned: for 

soft-failure localization, 

baseline training is the 

secret for proper algorihtm 

performance! 
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Case Study: ML-based Soft-Failure Localization
• Experimental setup
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Case Study: ML-based Soft-Failure Localization
• Experimental soft-failure localization
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Case Study: ML-based Soft-Failure Localization
• Soft-failure localization results
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Case Study: ML-based Soft-Failure Localization
• Double failure localization
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Conclusions

• DTs are gaining several fields of knowledge, and they should also become widespread in optical 
transmission systems

• NDTs should be of paramount importance for QoT estimation and soft-failure localization

• There are open challenges involving the NDT update behaviour and the consistency between 
the virtual and the physical network (related with QoT estimation!). Classic numerical 
optimization and ML-based techniques may be used

• We demonstrated an ML-based soft-failure estimation method based on synthetic failures 
generated in the virtual network
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