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Abstract—Convolutional Neural Networks (CNNs) are powerful
and highly ubiquitous tools for extracting features from large
datasets for applications such as computer vision and natural
language processing. However, a convolution is a computationally
expensive operation in digital electronics. In contrast, neuromor-
phic photonic systems, which have experienced a recent surge of
interest over the last few years, propose higher bandwidth and
energy efficiencies for neural network training and inference. Neu-
romorphic photonics exploits the advantages of optical electronics,
including the ease of analog processing, and busing multiple signals
on a single waveguide at the speed of light. Here, we propose a
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TABLE I
SUMMARY OF CONVOLUTIONAL PARAMETERS
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Fig. 4. An electro-optic architecture that performs dot products. Ai

(i = 1, . . . , k) are input elements encoded in intensities, multiplexed by a WDM
and linked to the weight banks via a silicon waveguide. Fi are filter values that
modulate the MRRs in the photonic weight bank. Drop and through output ports
are connected to a balanced PD, where the matrix multiplication is performed,
followed by an amplifier TIA.

we can set a particular weight using:

F ∗
i = 2Td(φi)− 1

F
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Fig. 5. Photonic architecture for producing a single convolved pixel. Input images are encoded in intensities Al,h, where the pixel inputs Am,n,k with m ∈
[i, i+Rm], n ∈ [j, j +Rm], k ∈ [1,Dm] are represented as Al,h, l = 1, . . . ,D and h = 1, . . . , R2. Considering the boundary parameters, we set D = Dm

and R = Rm. Likewise, the filter values Fm,n,k are represented as are represented as Fl,h under the same conditions. We use an array of
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BENCHMARKING PARAMETERS FOR DEAP
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their errors are deterministic and predictable. On the other hand,
the errors from photonics are due to stochastic shot, spectral,
Johnson-Nyquist and flicker noises, as well as quantization noise
in the ADC, and distortion from the RF signals applied to the
modulators. However, artificially adding random noise to CNNs
have been shown to reduce over-fitting [52], meaning that some
degree of stochastic behaviour is tolerable in the domain of
machine learning problems.

Finally, MRRs have only been shown to have up to 6-bits
of precision, which is significantly smaller than the range pre-
cision supported by even half-precision (16-bit) floating point
representations. In conclusion, photonics has the potential to
perform convolutions at speeds faster than top-of-the-line GPUs
while having a lower energy consumption. Moving forward, the
greatest challenges to overcome have to do with increasing the
precision of photonic components so that they are comparable
to classical floating-point representations. Overall, silicon pho-
tonics has the potential to outperform conventional electronic
hardware for convolutions while having the ability to scale up
in the future.
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