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Outline

• Introduction of Space Division Multiplex (SDM) technologies

• ROADM Design for MCF-based Multi-Dimensional Optical Networks

• Deep Reinforcement Learning based Routing, Core and Spectrum allocation

• Conclusion
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Introduction of SDM technologies

• SDM provides a potential solution to 
increase optical bandwidths. 
• Uncoupled/weak-coupled solution

• Multi-core fibres

• SMF fibre bundles

• Strong-coupled solution

• Multi-core fibre

• Multi-mode fibre

• Multi-core + Multi-mode

New optical fibres for high-capacity optical communications, Volume: 374, Issue: 2062, DOI: 
(10.1098/rsta.2014.0441) 

T. Mizuno and Y. Miyamoto, Optical Fiber Technology, vol. 35, pp. 108–
117, Feb. 2017, 

n=32
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Reviving multi-dimensional networks with uncoupled MCFs

• MCF-based networks with flexible core management
• Mature fan-in fan-out device

• Avoiding of high complexed MIMO

• Available key components
• Multi-core EDFAs

• Core add/drop/switching solutions

• Demonstrated transmission experiments
• High data-rate and long-distance MCF

transmission with 19-Core C+L band Cladding

-Pumped EDFA

K. S. Abedin, in Handbook of Optical Fibers, G.-D. Peng, Ed. Singapore: Springer, 2018, pp. 1–28.

B. J. Puttnam et al., Journal of Lightwave Technology, vol. 38, no. 1, pp. 123–130, Jan. 2020

Y. Yang et al., IEEE Photonics 
Journal, vol. 14, no. 3, pp. 1–6, 

Jun. 2022

Y. Uchida et al., ‘Variable 
Optical Attenuation Function 
of Core Selective Switch and 
Its Impact on Inter-core 
Crosstalk Characteristics’, 
ECOC 2022.

3D glass-based photonic technology

• Switching capability matters for networking 5/22



MCF-based multi-dimensional networks

• SDM/WDM ROADM solutions ---> Bypass fibre core + Classical ROADM

• Bypass core configuration solution ---> Topology Optimization

• Route, Core, and Spectrum Allocation (RCSA) ---> Deep Reinforcement 
Learning based solution
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Toward SDM/WDM ROADM

• Traditional ROADM in WDM networks

Full Flexible architecture, using many large-scale, high-
port-count WSSs

Port count: ~ Degree (2 - 6) × Core (4 - 19) + add/drop
Traditional Routing and Select ROADM

Not possible for scale up to SDM networks ! 7/22



Key challenges to scale up

• Unnecessary: Core number exceeds node degree makes full-flexible 
switching not a necessity
• Full flexible switching will cause fragmentations

• Not practical: Huge-port-count WSSs for ROADM
• > Degree × Core numbers not practical

• Traffic aggregation provides better solution:
• By core: Multi-core switching

• Super-channel in space or spectrum

• Hierarchy Network (SDM over WDM)
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SDM/WDM ROADM with fibre-core bypass

Traditional 
ROADM

MCF 1

MCF 2 MCF 4

MCF 3

Bypass  cores: Direct core-to-core connections

1×16 W
SS

1×16 W
SS

1×16 W
SS

1×16 W
SS

Drop Bank Add Bank

1×16 W
SS

1×16 W
SS

1×16 W
SS

1×16 W
SS

Spectrum Switched cores:
Wavelength-based connections based 
on traditional ROADM by taking each 
core as a fibre degree
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SDM/WDM ROADM with route-select architecture

• Reduce ROADM scale by introducing programmable bypass configuration

• Smooth deployment with fully compatibility of current WDM networks

1×16 W
SS

Fiber 1 in
MCF Breakout Core Switching

1×16 W
SS

1×16 W
SS

1×16 W
SS

Fiber 2 in

Fiber 3 out

Fiber 4 out

Drop Bank Add Bank

1×16 W
SS

1×16 W
SS

1×16 W
SS

1×16 W
SS

Traditional ROADM
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Further reduction on WSS port number

• Using two stages for Routing or 

Selecting

• Maximum port number depends 

on the number of the WDM core

• Similar performance as stand 

design

• A design for future MCFs with a 

large core count

Lida Liu, etc., ‘Hardware-Efficient ROADM Design with Fiber-Core Bypassing for WDM/SDM Networks’, OFC 2020, San Diego, CA, Mar. 
2020. 11/22



Fibre-core bypass and topology optimisation

A

B

C

D

E

F

• Available massive network capacity allows core bypassing
• Reduce ROADM degree significantly

• Need to be reconfigurable (No two independent networks)

• Enabling compatibility with current SMF-based networks

• Topology Optimisation for different traffic patterns 

Bypass Core 
Configuration

Traditional 
ROADM

• Topology optimisation

A
B

C
D

topology optimisation
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Topology optimization with bypass configuration

• ILP (Integer Linear Programming) based topology optimisation
• Depends on static traffic requests

• Extremely high complexity without flexibility 

• Heuristic algorithm for bypass configuration
• Main goals for bypass configuration per link

• Reserve a few cores for  WDM switching

• Limited maximum distances of the bypass link

• Limited maximum hops of the bypass link 

5 4

1 2

0 3

Topology with fibre core bypass

Algorithm:

13/22



4-core 7-core 13-core

Blocking probability vs. traffic

• Cores number in MCFs are: 4, 7 and 13 in six-node networks

• Optimized topologies: 
• Integer Linear Programming (ILP) based optimization at traffic: 300, 500 and 850; 

• Heuristic bypass configuration; 

• Baseline: full flexibility

With high-core-count MCFs, ILP provides topology performs better 14/22



Fragmentation and utilization with optimized topologies
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Hardware requirements

• Hardware reduction by comparing to full flexible switching in all cores (6 
node network, 13-core)

Topology Bypass core/WDM core WSS number Total WSS ports number

Baseline/full flexible Topo 0/208 416 6240

Heuristic Topo 54/154 360 5400

ILP Topo 102/106 312 4240
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RMCSA Problem in SDM-EONs

222sBandwidth: 50Gb/s
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DRL-RMCSA Framework
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Simulation for DRL-based core assignment and routing

Simulation Parameters
Cores Number: 3
Topology: Symmetrical Six Nodes
K_Path: 1
Load: 100 Earlings
Spectrum Resource: 100 slots each core

Simulation Parameters
Cores Number: 3
Topology: Symmetrical Six Nodes
K_Path: 3
Load: 150 Earlings
Spectrum Resource: 100 slots each core

To be continued: Verify the model in a large-scale network

DRL-Based method for core assignment

DRL-Based method for joint routing and 
core assignment
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Simulation on NSF network

Network topology of NSF network, consisting of 14 
nodes and 21 bidirectional fibre links. 
Bypass cores are shown in Node 1 as an example.

20/22



Future Work

• Investigating the Integration of Fan-in Fan-out with Core Reconfiguration in 
PIC Technology.

• Enhancing the Management of Optical Powers for a Reconfigurable 
SDM/WDM ROADM Node.

• Enhancing the ROADM Solution with Software Defined Networking 
Features.
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Conclusion

• MCF provides a potential solution to improve network capacity.

• An SDM/WDM ROADM system was designed and validated with dynamic 
bypass core configuration:
• Reduced port-count of WSSs

• Allow topology optimization for different traffic patterns

• Similar/improved performance that the full flexible operation

• Deep reinforcement learning based Routing, Core and Spectrum allocation 
provides improved performance.
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Thanks for your attention!
Shuangyi.yan@bristol.ac.uk
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