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Swing

A novel allreduce/allgather/reduce-scatter algorithm 

optimized for multi-dimensional torus networks 

2

(expected advantages on any blocking 
network)



Why torus and why allreduce?
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HammingMesh: A Network Topology for Large-Scale Deep Learning (2022)
Torsten Hoefler, Tommaso Bonato, Daniele De Sensi, Salvatore Di Girolamo, Shigang Li, Marco Heddes, Jon Belk, Deepak Goel, Miguel Castro, Steve Scott
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(64 chips on a 2D torus)



Allreduce Algorithms
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Uses all the network ports 
simultaneously

Linear in the number of 
nodes per dimension

No flow
collisions

Uses only one network port 
at a time

Logarithmic in the number
of nodes

Many flow 
collisions

Swing

Uses all the network ports 
simultaneously

Logarithmic in the number
of nodes

Few flow
collisions

State-of-the-art

Bucket [1]

[1] N. Jain and Y. Sabharwal. Optimal bucket algorithms for large MPI collectives on torus interconnects (2010)

Recursive Doubling [2]

[2] P. Sack and W. Gropp. Collective algorithms for multiported torus networks (2015)



Recursive Doubling Swing
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Details, generalization to D 
dimensions, and correctness 

proof in the paper
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Multiport Swing
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Evaluation
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Setup

SST packet-level
network simulator

400 Gb/s links
100 ns latency

300 ns 
per-hop latency
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Results - Performance Gain
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Results Summary

                         

      
        

       
        

       
        

     
       

     
     

     
   

         
           

         
           

         
           

         
           

         
           

     
     

     
     

     
     

     
       

     
     

     
     

     
     

                                                         

       

     

            

     

       

         

         

     

          

          

      

  
 

   
 

   
 

 
   

 
   

  
   

   
   

   
   

 
   

 
   

  
   

   
   

   
   

              

    

  

   

   

   

   

    

    

    

 
 
  
 
  

 
 
 
 
 
  
 
 
  
  
 
  
 
 
 
  
 
 
 
 
 
  
  
 
  
  

 

         

          

           

           

           

             

                  

                           

           

             

             

              



19

Results Summary

                         

      
        

       
        

       
        

     
       

     
     

     
   

         
           

         
           

         
           

         
           

         
           

     
     

     
     

     
     

     
       

     
     

     
     

     
     

                                                         

       

     

            

     

       

         

         

     

          

          

      

         

      

                  

At higher bandwidth, the number
of steps has a higher relative 
impact on performance
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More dimensions imply more 
communications with close nodes
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