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Abstract: A coherent multi-dimensional photonic tensor accelerator performing high-speed matrix-
matrix multiplication is proposed and demonstrated. A pattern recognition experiment is 
demonstrated at a 25Gbps modulation speed exploiting orthogonal dimensions of light including 
time, wavelength, and spatial mode. © 2023 The Author(s) 

1. Introduction
Efficiently performing matrix multiplication is a crucial aspect of hardware accelerators designed to support artificial 
neural networks (ANNs). So far electronic industries have incorporated parallel computing structures and optimized 
memory organizations such as graphic processing unit (GPU) and tensor processing unit (TPU) to perform larger 
amounts of computations. However, the scalability and power consumption of electronic matrix accelerators has
become significant challenges due to the limited number of parallelizable degrees of freedom in the two-dimensional 
plane [1-3]. Here we introduce a photonic tensor accelerator (PTA) that utilizes multidimensional encoding that 
enables performing matrix multiplication with a single memory access [4]. Utilizing all degrees of freedom of light, 
PTA holds the potential to deliver significantly higher computing power and energy efficiency compared to both state-
of-the-art electronic and photonic accelerators [5, 6]. In addition, reliable communication technologies in modulation, 
multiplexing, and detection will support computations at 10s of GHz speed with optimized energy efficiency. Here, 
we experimentally demonstrate a 2×2 matrix-matrix multiplier in free space operating at 25 GBd employing two 
wavelengths and two spatial modes. As a major application, a pattern recognition scheme based on cross-correlation 
calculation is presented and the results show a pattern recognition accuracy of .

2. Photonic Tensor Accelerator (PTA)
In the proposed PTA, scalar multiplication is performed via interference and coherent detection. To extend the scalar 
multiplication to the inner product of two vectors, the weight and input vector elements can be mapped to different 

wavelengths or spatial modes and, as a result, the BPD output will be where is the length of the 

vectors. Combining WDM and MDM with parallelization in space enables matrix-matrix multiplication in a single 
clock cycle with single memory access as shown schematically in Fig. 1 (a). As shown here, the matrix is projected 
on the (mode, space) dimensions and duplicated in the wavelength dimension. Similarly, the matrix is projected 
on the (mode, wavelength) dimensions and duplicated in space. The output matrix elements are mapped to different 
wavelengths and spatial locations. In Fig. 1(b), a free-space implementation of the PTA performing 2×2 matrix-matrix 
multiplication is illustrated where two modulators operate at 25Gbps and optical delays are used to emulate other 
elements of the weight and input matrix.

2. PTA for Pattern Recognition 
Pattern recognition is a major research topic in image processing. Correlation pattern recognition is based on 

computing the correlation between an object and an image , where and are the 

number of pixels in and dimensions, respectively. 

11 1

1

     

       

     
N

M

M MM

w w

w w

1

11 1

11 1

     

       

     

M

M

x x

x x

2

11 1

1

     

       

     

M

M MM

w w

w w

1

11 1

1

     

       

     

M

M MM

w w

w w

Fig. 1. Photonic Tensor Accelerator (PTA). (a) Schematic mapping of the matrix elements on wavelengths, spatial modes, and space in a matrix-
matrix multiplier. (b) the experimental setup for the matrix-matrix multiplication demonstration. LD: Laser Diode, PPG: Pulse Pattern 
Generator, BS: Beam Splitter, CF: Color Filter, PD: Photodetector.
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3. Conclusion

Funding

References

JW4A.74 Frontiers in Optics + Laser Science 2023 (FiO/LS) © Optica 
Publishing Group 2023


