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Abstract Distributed parallel training is the fundamental technology to build large-scale neural
network models. The existing distributed parallel training and reasoning are mainly based on the
single-layer pipeline parallelism, i. e. , each pipeline stage needs to independently occupy one or a
group of computing-power-nodes. However, in practical engineering applications and theoretical

research, the single-layer pipeline parallelism requires the arrangement of multiple consecutive
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neural network layers in one node, resulting in a large amount of pipeline bubble time restricting
the improvement of training speed. Focusing on the above issues, this paper proposes DRoPipe, a
novel distributed parallel training strategy based on dual-dimensional data partitioning and round
robin multi-layer pipeline parallelism. In DRoPipe, the novel round robin multi-layer pipeline
parallelism enables the deployment of multiple discrete pipeline stages within a single node, which
reduces the number of neural network layers and data volume that each computing node must
process in once computation or communication, hence reducing the waiting times between
computational nodes and accelerating the entire parallel training process. To achieve the optimal
partitioning of data and pipeline stages in DRoPipe, this paper further derives the theoretical
model of time cost and proposes the bulkhead parallel neighborhood search based cross-
optimization method for the multi-dimensional parallelism. This paper conducts experiments on
the parallel training tasks of typical large models GPT and Llama series in multiple real
computing-power-device clusters. The experimental results showcase that: compared with the
existing advanced single-layer pipeline parallel strategy with single-dimensional data partitioning,
1F1B-based single-layer pipeline parallel strategy and unequal data partitioning-based single-layer
pipeline parallel strategy, DRoPipe increases parallel training speed by 98.0%, 74.9% and
51. 3% respectively; compared with other ablation parallel strategies based on our proposed novel
parallelism, including single-layer pipeline parallel strategy with dual-dimensional data
parallelism and round robin pipeline strategy with single-dimensional data parallelism, DRoPipe
increases speed respectively by 60.0% and 7.5%, demonstrating DRoPipe's effectiveness and
advancement.

Keywords  distributed parallel training; large-scale neural networks; round robin pipeline

parallelism; dual-dimensional data partitioning; cross optimization; bulkhead neighborhood search
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parallelism, and pipeline model parallelism.
Although existing parallel training strategies have achieved
good parallel efficiency, there are still some gaps that urgently

need to be addressed. In the existing pipeline parallelism, all
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pipeline stages need to independently occupy one or a group of
nodes, without considering node reuse in scenarios with limited
computing-power-nodes, which means the number of pipeline
stages cannot exceed the number of nodes. Therefore, when the
number of nodes is small, multiple continuous neural network
layers need to be deployed on a computing-power-node, resulting
in more pipeline bubble time and even out-of-memory. In
addition, the existing data parallelism only partitions the data in a
single-dimension (in the microbatch dimension or token sequence
dimension),  without considering  multi-dimensional  data
partitioning. The above properties constraint the lower limit of
video memory and bandwidth usage for one time of computation
or communication process.

In order to further improve the performance of parallel
training for large-scale deep neural networks, this paper Proposed
a novel pipeline parallelism, i. e., round robin multi-layer
pipeline parallelism. Round robin multi-layer pipeline parallelism
allows multiple pipeline stages to be deployed on the same
computing- power-node, achieving node reuse and accelerating

the parallel traming. In theory, even in the case with limited

number of computing-power-nodes, the round robin multi-layer
pipeline parallelism allows the number of pipeline stages to reach
the number of neural network layers. In addition, we design a
dual dimensional data parallelism. This paper also proposes the
corresponding fast computing model and optimization algorithm,
establishing a comprehensive system of the novel parallel training
strategy. This work is the first work to combine round robin
multi-layer pipelines with parallel training of deep neural
networks, providing a new paradigm for future research on multi-
This  work

innovation on the basic parallelism, hence belonging to the

dimensional parallel training strategies. is the
improvement on the architecture hierarchy.
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