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2. BACKGROUND AND MOTIVATION
  

 

       

      

 

      

       

   

     

 

       

      



  

      

  

        

       





   



  homogeneous 
quantizationHeterogeneous or mixed precision quantization 



       

  





 

 

        

  



 



       



      

 

     

        

   HQNNA 

        



3. HQNNA HARDWARE ACCELERATOR
3.1. TDM-based Operation and Energy Benefits

  
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                                                          (a)

                                                    (b)
Figure 1: (a) TDM-based operation for a vector-dot-product operation 
between two 2-element vectors in our proposed HQNNA architecture; 
(b) the same vector-dot-product operation performed with 
accelerator in [11].
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        mJ  



p HQNNA
b 

mJ          mJ


3.2. Tuning Circuits
  

      



 





  

      

         





       

       

 HQNNA
  

 

  











3.3. MVU design
       

     



        

 

      

 



         

     

         

 

         

 

   


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Figure 2: Architectural overview of HQNNA with the internal 
architecture of CONV-MVU and FC-MVU highlighted.

3.4. HQNNA Architecture
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Table 1: The best models found through heterogeneous quantization techniques considered, compared to the quantized versions 
from other photonic accelerator works, in terms of inference accuracy and memory footprint 

Model Number 
of layers 

Parameter 
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Quantization 
type 

Weight bitwidths 
across layers 

Activation bitwidths 
across layers 

Inference 
accuracy 

Memory 
footprint 
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
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

HQNNA    
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HolyLight    

LightBulb    

ROBIN    















HQNNA 






 

CrossLight    

HolyLight    

LightBulb    

ROBIN    
















HQNNA    

CrossLight    

HolyLight    

LightBulb    

ROBIN    

Poster Overview 2 GLSVLSI ’22, June 6–8, 2022, Irvine, CA, USA

370



  


 

        



       



     

 







HQNNA
v, k, b, V, K
         

v, k, b, V, K
HQNNA
      




Figure 3: EPB for CNN models, across photonic accelerators. 
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Figure 4: GOPS/EPB for CNN models, across photonic accelerators. 
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