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DNN Quantization

Quantized Multiplication on LUTs and DSPs

Bit-serial Implementation and the Effectual Bits

o Make bit-serial scheme more efficient than conventional parallel design

o To solve the problem of workload imbalance in bit-serial scheme

Restricted Signed-Digit Representation (RSD)

            

               
  
  

   

                
     

             

     

                             

            

          

        

                     

  

     

                   

        
          

        
          

        
          

       
          

       
          

       
          

                  

                        

     

     

     

  

  

 

        

        

        

                  

                  

                                          

        

          

            

  

           

       

        

          

         

  

        

          

          

  

      

          

              

      

          

      

          

     

 

 

 

     

 

 

 

                                                       

Heterogeneous Architecture

            

  
        

        

         

          

        

                                       

             

                

                  

                

  
 
  
  

          

          

            

 
  
  
 
  
 
 

       

             

          

       

 
 
  
 
 
 

 
 
 
 
  
 
 

           

           

              

     
             

                

                 

  

 
 
  
 
  

 
  
  
 
 

   

      

        

  
   
 

                   

          

            

            

            

            

            

            

 
  
  
 
  
 
  
 
  
  
 

                       

 
   
     

    
    

   
 
 
  

                       

 
   
     

    
    

   
 
 
  

               

                  

                                                       

    

    

  

     

        

      

   

 
 
 

                

 
 
  
  

                 

          

           

           

End-to-End Framework: Mixed-EB Quantization

                     

                             

                                 

                    

                       

                      

 

  

          

             

  

   
       

   

         

                
            

         

     

         

    

         

 
   

       

           

           

              

 

             

              

       

       

        

              

               

         

               

              

        

       

           

          

         

        
                         

                                 

o Bit-serial PE processes RSD-based weights, which need to be fine-tuned by QAT

o Bit-parallel PE processes standard weights. We need to balance the workloads

With the scheduler and search algorithm, we set up the mixed-EB quantization 

scheme in which different layers have different restriction of EB, from 1 to 3.

Accuracy-speedup Trade-off

Comparison

                                  

                         

                      

                           

                          

   

                         

 

              

     

     

  

    

    

    

             

     

  

     

 

     

                 

     

            

      

         
   

             

           

    

    

    

 

           

 
  
  
   
 
 
 

           

 
  
  
   
 
 
 

  

  

    
  
  
 
 
  

  

  

  

   

   

       
        
    

           
           
            

         
       
        

      

                                           
             

                                       
                                 

                                              
                       

                                        

                                                  

                                                                

              
    

        

          

        

          

        

          

      

          

      

          

      

          

                  

                      

                            

                                                                                              

                                             

    

   

    

 

 

   

            

        

           

                               
                        

                          

      

      

            

               
        

        
             

                   

 
 
 
  
 
 
  
 
  
 
  
               

             

            

         

    

            

- We can reach a balance between accuracy and speedup in the red box side.

- Also, out results show that the bit-serial with bit-sparsity scheme is more efficient 

than the conventional bit-parallel multiplier design, in terms of latency.
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