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Al Acceleration: Challenges

ML models/dataset keep increasing -> more computatlons
* Low latency
* Low power
* High bandwidth
* Flexibility
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Autonomous Vehicle Data Center Edge Device

* Moore’s law is approaching its physical limits
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Al Acceleration: Opportunities

* Using light to continue Moore’s Law
* Promising technology for next-generation Al accelerator
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Optical Neural Networks (ONN)

* Emergence of photonic NNs
* Ultra-low ps-level latency
* Low energy consumption
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* Flexible computation is in need
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Flexibility Challenge
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Proposed O?’NN

* 02NN: Versatile ONN architecture with dynamic optical operands

* Flexibility: differential detection-enabled fully-optical operands
* Expressivity: extended optical weights and augmented quantization
* Robustness: knowledge-distillation-based noise-aware training
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Proposed Dot-Product Engine

* Interference between two optical signals
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Expressivity Boost: Augmented Optical-Weight
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Robustness Analysis

* Dynamic input variations S
P(x)
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Robustness Solution: Knowledge Distillation

* Training ONNs with non-ideality modeling Teacher Student
. . Noise-free Noisy
* Pre-trained noise-free FP model as teacher | |
 Student model with noise and quantization
. . LR
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Experimental Results: Expressivity

* Optical-weight extension §100
* 10% better than model with positive weights % 35
* 0.6% accuracy drop compared with ideal model § 90
* Necessary for model expressivity % .
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Experimental Results: Robustness

* Optical simulation g.
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Conclusion and Future Work

* New ONN engine with differential detection-enabled optical operands

* Flexibility: Support dynamic, high-speed optical weights
* Expressivity: 2% more weight encoding with augmented quantization
* Robustness: 20%-30% more robust with knowledge-distillation

* Future direction
* Integrate the fully-optical tensor core with dynamic NN architectures
* Optimize the architecture with smaller device usage and footprint
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