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OctopuScheduler
Contributions

What have we developed?

• framework for execution of single DNN layers on SpiNNaker2

• on-chip scheduling for SpiNNaker2:

• avoiding host-to-chip communication

• minimizing scheduling overhead

• hardware-aware strategy for automated tiling design space exploration
for SpiNNaker2

• on-chip reordering mechanism for Conv2D on SpiNNaker2:

• avoiding DRAM transfers of intermediate activations
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SpiNNaker2 Hardware Architecture

Modified after: Gonzalez, H. A. et al. (2023): „SpiNNaker2: A Large-Scale Neuromorphic System for Event-Based and Asynchronous Machine Learning“.
MLNCP Workshop at NeurIPS 2023, New Orleans (USA).

 
 
 
 
 
 

 
 
 
 
 
 

            

            

 
 
  

 
 

 
 
  

 
 

 
 
  
 
 
 
 
 

 
 
 
  
 

               

                 

              

         
       

     

   
     

   

       
    

          

            

            

                       

   

     

    

    

    

SpiNNaker2 Chip Processing Element



How can we execute DNN layers on SpiNNaker2?
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FSM Scheduling on SpiNNaker2

    

    

      

    

       

       

      

    

               

     

            

        

       

      

   

          

        

           

        

               

         

               

           

            

                              

               

  

  

  

  

  

  

  

  

 

 
 
 
 

       

              

         
      

             

   

   

   

   

               
 
 
 

  

   

  

            

         

          

           

          

        

          

        

   

      

        

       

     

       

      

       

Tiling FSM Control & Data Flow



How do we distribute the computation?
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Automated Tiling
How to tile a matrix multiplication?

Option 1:

Option 2:

Option 3:… Hard and soft constraints for finding an optimal
hardware-aware partitioning for matrix multiplications.

Tiling Space:

Dimensional Dividers:
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Matrix Multiplication: Large Impact of Data Transfers!

            

        
      

        
      

        
      

     
      

           

                     

                             

        
      

        
      

        
      

     
      

           

                                             



Could we avoid DRAM transfers by handling
intermediate activations on-chip?
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Convolutional Layers
Tiling
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Convolutional Layers
Tiling & Transfer of Intermediate Activations

Conv2D Layer  < i–1 >
Output

Conv2D Layer  < i >
Input

intermediate activations: reordering in on-chip SRAM → no DRAM transfers!
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Convolutional Layers
Reordering
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Conv2D: Much Less Impact of Data Transfers!

                           

      
      

      
      

      

            

        
      

        
      

        
      

     
      

           

                     

                             

        
      

        
      

        
      

     
      

           

                                             

Matrix Multiplication Conv2D
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OctopuScheduler
Summary

What have we developed?

• framework for execution of single DNN layers on SpiNNaker2

• on-chip scheduling for SpiNNaker2

• hardware-aware strategy for automated tiling design space exploration for SpiNNaker2

• on-chip reordering mechanism for Conv2D on SpiNNaker2

Work in progress:

• multi-layer scheduling

• application to CNN & transformer architectures

• optimizations

• pipelining

What has not been covered:

• different other layer types (Softmax, Add, LayerNorm)

• tiling optimization for matrix multiplications

• detailed principle of Conv2D on-chip reordering & 
padding

➔ You can find it in our paper!
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