
In the figures above, the left shows the performance of the multi-lane algorithm with increasing numbers of processes per GPU 
on Delta using an intermediate host buffer.  Large Allreduces on 8 nodes yield a 1.39x speedup over the naive multi-lane 
algorithm. The right shows the performance of all algorithms, comparing 1 versus 16 processes per GPU.  The multi-lane 
algorithm with 16 processes per GPU achieves up to 2.4x speedup for large data sizes.
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Our multi-CPU-accelerated GPU-aware lane Allreduces yield speedup of up to 2.45x for large MPI Allreduces across the 
NVIDIA A100 GPUs of NCSA's Delta supercomputer.  Extensions to Allreduces using GPUDirect RDMA communication yield 
speedup of up to 1.17x on LLNL’s Tuolumne supercomputer.

We propose to extensively evaluate the performance characteristics of our multi-process approaches and also extend them to 
collectives such as the neighborhood Alltoall used in sparse linear systems.
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● Deep learning and sparse linear algebra applications 
rely on the GPU-aware Allreduce

● Copy-to-CPU and GPUDirect RDMA communication 
paths rely on NIC configuration and device 
concurrency [3] to enhance performance

● We take advantage of growing underutilized core 
counts to utilize more cores during communication via 
GPU Interprocess Communication to yield further 
speedup
○ NCSA Delta uses Copy-to-CPU with an 

intermediate host buffer
○ LLNL Tuolumne uses GPUDirect RDMA with an 

intermediate device buffer
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The left figures show timings 

on Tuolumne using Cray 
MPICH with 1 to 4 processes 
per GPU, where each process 
reduces a portion of the buffer 
using an intermediate device 
buffer. Speedup is seen for large 
Allreduces. 2 processes per GPU 
shows greater speedup at scale, 
yielding 1.17x speedup on 32 
nodes where 4 processes per 
GPU yields 1.09x speedup.

Partitioning Buffer Over Multiple Processes Per GPU

Multi-PPG, Multi-Lane

● Create new communicators:
○ Standard multi-PPG Allreduce

■ new_comm:  processes with equal node rank
○ Lane multi-PPG Allreduce [1, 2]

■ group_comm:  on-node processes with equal (node 
rank % number of GPUs)

■ lane_comm:  off-node processes with equal node rank
● Get device memory handle with (cuda/hip)GetMemHandle
● Broadcast to other processes associated with target device 

with MPI_Bcast
● Get device pointer on other associated processes with 

(cuda/hip)OpenMemHandle
● Perform a standard or multi-lane Allreduce on disjoint 

partitions of input buffer

1.89x speedup

1.09-1.17x speedup

1.39x speedup 2.4x speedup

Tuolumne GPUDirect ping-pong benchmark 
shows that utilizing an extra CPU core per GPU
yields speedup.


