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• Why nanoseconds wavelength, space and time optical   

switches in computing infrastructure?

• Photonic networks with shared memory
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• Photonic integrated optical switches 

• SDN management and ML resource allocation 

• Prototype disaggregated architecture 
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Issues in Current DCN: “Performance Wall”
- Fixed amounts of hardware resources within the mainboard of server

- Continuous growing gap between CPU and memory performance

- Diverse workloads with even 4 orders of magnitude on memory over CPU demand
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Resource, CAPEX and Energy Waste
Mismatch between fixed hardware resource also results in:

- Underutilized resources (even lower than 40%)

- Huge CAPEX waste since servers account for 85% of total capital cost

- Underutilized resource takes up more than 50% energy consumption

IT Equipment

Lighting

Electrical
Distribution

Fans Cooling and Humidity 
Controls
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… and Machine Learning Interconnect systems

https://cloud.google.com/tpu
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… and Machine Learning Interconnect systems

Figure courtesy of Paolo Costa

Potential solution  photonic switched networks

Network (transceivers and switches) will consume 40-60% of total power

Even < 1pJ/b still power consumption of the switch has a large contribution



Challenges: 
- Ultra-low latency  and High bandwidth
- Scalability
- Fast network switching and control: 

- Fast optical switches  Programmability and fast network reconfiguration
- Clock and data recovery / time synchronization / fast scheduler to avoid contentions

- Efficient resource pooling algorithm  Different applications requirements
- Traffic prediction based on ML  Automation6

Disaggregated architecture with decoupled hardware

Features:

- All the resources are interconnected by network

- fined-granularity hardware management

- energy efficiency and low maintenance cost

GPU

TPU
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• Interconnected Nodes scales as N4

16x16 switch  16^4 = 65,000 nodes

• Optical switch port N can be low!

FOS_Gen3

FOS_Gen2

FOS_Gen1

Cube of N
Power 4

Multiple paths for communication between nodes

… …FOS_Gen1

FOS_Gen2

FOS_Gen2

FOS_Gen2

…

…
Square of N  Single Rack

N square nodes  

Scalable disaggregated architecture based on 
distributed optical switches



Switch Control
Intra-rack

B1

Rack 1

…

Scalable distributed control

…

Rack N

Switch Control
Intra-rack

Switch Control inter-racks Node 1,j

Rack 2 Rack N-1

Switch Control inter-racks Node N,j

- High scalability
- Fast switch speed and control (nanoseconds)
- Low latency (clock distribution / time slotted operation)



Schematic of modular WDM switch

• Non-blocking, modular and parallel wavelength 
space and time switch architecture

• Single stage switch to improve controllability, 
scalability and OSNR

SOA broadband amplifiers allow:
• Loss-less operation

• Nanoseconds wavelength and time switching 
operation

• Multicast operation



Optical switch scalability: how many port?

• Cluster N nodes
• M TRXs Optical NIC multiwavelength 

• 1.6 Tb/s using 4 wavelengths at 400Gb/s
• Each cluster in M Groups (each wavelength per group)
• Broadcast & select switch splitter now is F= N/4

• Cluster 32 nodes
• M= 4 TRXs  
• Each cluster in 4 Groups 
• F= 32/4=8

1x8 WDM switchF= 32  128 nodes per cluster  128x128 nodes 
@1.6Tb/s each



1x8 InP photonic wavelength, space and time switch module 

o Cell size: 8 mm x 4.6 mm

• 500 μm Gate SOA and 1.5 mm Booster SOA
o AWG Channel Spacing = 3.2 nm

Input

Output 1

Output 2

Output 3

Output 4

Output 5

Output 6

Output 7

Output 8• On/Off switch ratio > 30 dB

• ≈ 10 dB on-chip gain estimated



Operation with different data rates and formats

- Error-free operation with different modulation format and data rate

- Power penalty less then 1.5 dB 

40 Gb/s NRZ-OOK 20 Gb/s PAM4 40 Gb/s DMT

K. Prifti et al, OFC 2020



1x8 InP photonic wavelength, space and time switch module 
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Prototype of disaggregated architecture

- Time slotted operation
- Requests with packet

destination and priority
- Optical flow control:

- ACK: packet forwarded
- NACK: packet retransmitted

- Data recovery 3 ns
- Fast control switching 43 ns
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- Use customized protocol for prototype

- 122.3ns network latency

- Use ASIC instead of FPGA can further
reduce the network latency

Network latency of Disaggregated Prototype
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X. Guo et al, OFC 2021
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SDN-enabled network reconfiguration and optimization 

• Xuwei Xue et al “Experimental assessment of a flexible optical switch  and control system with 
dynamic bandwidth allocation” ECOC 2021 – Tu1F.2

• Xiaotao Guo et al “Experimental demonstration of SDN-enabled reconfigurable disaggregated 
data center infrastructure” ECOC 2021 – Th2E.3



Traffic prediction assisted ML-based DC network reconfiguration
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• Xiaotao Guo et al “Experimental assessment of traffic prediction assisted data center 
network reconfiguration method” ECOC 2021 – Th2E.1



Objective: Novel Optical Switching Architectures
targeting artificial intelligence (AI) training and flatter electrical switching networks in 
data centres. 
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High capacity co-packaged electronic switch 
204.8Tb/s  - 32 ports
• 6.4Tb/s per port: (100Gb/s NRZ x 16λ) x 4 fibres
• Low power 3pJ/bit, Low cost 50cent/Gb/s

Distributed photonic WDM switches
• Reduced traffic congestion, (<50ns) switching
• Low latency (<200ns)
• Connects 4096 computing nodes



Conclusions
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• Scalable, flat, low latency, and fast reconfirguration optical disaggregated
architecture with distributed nanoseconds switching and control with
feasible port count switch, time synch, clock distribution and scheduler

• Modular photonic integrated wavelength, space and time with
nanoseconds switching time

• We experimentally demonstrate a 4-node disaggregated prototype based
on distributed nanoseconds optical switches and control

• Network latency of 122.3 ns and no packet loss and long-time stable
network operation

• ML algorithm for efficient resource pooling and prediction to implement
automation of the system operation and management
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