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Model size growing exponentially
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Parallel and distributed training
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Data parallelism
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Revisit Dense Allreduce (Rabenseifner’s algorithm)
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Gradient sparsification (Topk SGD) 

Top𝑘 SGD: each process only selects the largest (absolute value) 𝑘 of 𝑛 components from the gradients,  
and usually the density k/n is around 1% or less.

How to Allreduce these sparse gradients? 
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Algorithm 1: Sparse Allreduce based on Allgather (TopkA) 
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Algorithm 2: Dynamic Sparse Allreduce (TopkDSA, SC’19) 
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Algorithm 3: Global Topk (gTopk, ICDCS’19) 
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O(k) sparse Allreduce
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O(k) sparse Allreduce
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Scalability analysis for dense/sparse Allreduce algorithms
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Efficient local and global top-𝑘 selection
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O𝑘-Top𝑘 parallel SGD algorithm
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Convergence analysis for Ok-Topk SGD
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▪ CSCS Piz Daint supercomputer

▪ Each node contains an Intel Xeon E5-2690 CPU, and 
one NVIDIA Tesla P100 GPU

▪ Cray Aries interconnected network

▪ mpi4py as the communication library, built against 
Cray-MPICH 7.7.16

Evaluation

Neural networks used for evaluation

Dense/Sparse algorithms used in evaluation
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Weak scaling evaluation
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Model accuracy evaluation
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Conclusion

6. For the future work, we will study how to use O𝑘-Top𝑘 with a hybrid data and pipeline parallelism.

For more questions:  shigangli.cs@gmail.com

1. Model size rapidly grows 2. Sparse algorithms suffer from scalability issue

3. O(k) sparse Allreduce 4. Ok-Topk SGD and convergence analysis 5. Evaluation on supercomputer


