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Multi-layer Perceptron Inference

Non-ideality in ONNs: Device Variation
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+ TXU-based ONNs with MZIs and sparse tree * STE-based gradient propagation

« Unitary projection
« Map U and V* to unitary planes

* Blocking matrix multiplication
 Better scalability

Principles of ONNSs

 Singular value decomposition (SVD) W = UXV*
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« Unitary group parametrization U(n) = D H H R;;

Coarse Gradient Approximation

* Voltage quantization
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 Low-precision voltage controls AU — mem/@ 1) Unitary Projection

Discrete voltage control

VX - Satisfy unitary constraint

« SVD method minimizes projection error
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Experimental Results

 Better accuracy under low-bit controls

 ONN config: 144-64(8)-64(8)-40(10)-10 on MNIST

100

—~ 80

S

>

v

S 60

>

(W]

(W]

<L

v 40

& —&— Najve

—&— Baseline

20 —o— ROQ

3 4 5 6

Voltage Resolution (bit)

e Better noise robustness under 3~6-bit controls

e Gamma noise: std. 1e-3 ~ 5e-3
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6-bit voltages

Voltage-domain gquantization scheme for ONNs

r e+ Traditional post-training quantization and iterative
methods fail to train quantized ONNSs

« ~90% accuracy under 4-,5-,6-bit voltage controls

~ + >80% accuracy under 3-bit voltage control

Noise-aware training strategy for ONNs

r + Protective Group Lasso regularization technique to boost

noise-robustness of quantized ONNSs

>80% inference accuracy under 3-bit control and 5e-3
gamma noise, compared to ~20% for baseline method

Lower accuracy variation under device-level noise

Conclusion and Future Work

* Experimentally show that previous quantization methods perform
poorly on ONN voltage quantization with device noise

« An end-to-end quantization scheme to enable low-precision voltage
control of ONNs

* Protective group Lasso technigue to boost noise-robustness of
guantized ONNSs

« Address other noise sources and apply to more ONN architectures

The University of Texas at Austin

Electrical and Computer Engineering
Cockrell School of Engineering



