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Noise gets accumulated over the path
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Signal to Noise 
Ratio (SNR)

Higher SNR = Higher Bandwidth
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Number of amplifiers required depends on the length of the 
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50-100 KM

Required number of amplifiers
At least 450
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Different amplifiers have different profiles
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More issues with tuning the optical network

Lots of different vendors – with proprietary configurations

Different types of amplifiers – EDFA, Raman etc.
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Finding the peak end to end SNR on a optical WAN is hard
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NYSERnet: a production NY state optical WAN
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NYSERnet: a production NY state optical WAN
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Single direction physical view of NYC to ALB segment
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Gaussian noise abstraction
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Gaussian noise abstraction

Each component adds noise

Additive

Implemented with GNPy
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Modeling EDFA

Pump laser excites erbium ions

Short erbium doped fiber as gain medium

Signal photons trigger stimulated emission and get amplified
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Modeling EDFA
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Hurdles in modeling the network

Heterogeneous equipment – Many components, varied parameters

Proprietary device behavior – Missing vendor specific information

Modeling RAMAN amplifier – Proprietary pump characteristic
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Modeling accuracy

Channel Direction Model (dB) Measured (dB) Error

193.35 THz Syr → NYC 15.56 15.5 0.4%

193.50 THz Syr → NYC 14.93 15.1 1.1%

193.75 THz Syr → NYC 15.07 15.2 0.9%

193.35 THz NYC → Syr 15.06 14.7 2.4%

193.50 THz NYC → Syr 14.39 13.9 3.5%

193.75 THz NYC → Syr 14.46 14.1 2.6%

< 4%

Across all channels and both 
directions

Error
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Hyperparameter search

Takeaway: Search finds the gain setting for highest feasible end-to-end 
SNR
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Deploying to production: phased and cautious
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Deploying to production: phased and cautious

Maintenance window with operator supervision

0.5 dB phased gain changes

1-hour monitoring after each step

Rollback if needed

Follow-up measurements confirm stability
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Results: measured improvement in the production network

+4.2 dB
total across 3 wavelengths

+10.4%
Capacity gain (Shannon-Hartley)

+60 Gbps
Capacity increase
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Conclusion

Modeled a live production optical WAN with all the main components

Achieved less than 4% error in modeling

Optimized the configuration

Deployed the optimized configuration resulting in capacity increase by 60 Gbps
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Bhaskar Kataria (bk478@cornell.edu)

Thank you!
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