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Artificial intelligence and memory wall
 In recent years, the rapid advancement of LLM has exacerbated 

the memory limitations of computing devices, thereby hindering 
the further development of these models. This challenge is 
commonly referred to as the "Memory Wall".

Figure From:  Gholami A, Yao Z, Kim S, Mahoney MW, Keutzer K. AI and Memory Wall. RiseLab Medium 
Blog Post, University of Califonia Berkeley, 2021, March 29.
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We propose an algorithm to search for memory-optimized 
operator-level parallelism strategies by analyzing the memory 
overhead of neural networks in distributed training. This enables 
us to further increase the hidden layer or batch size on hardware 
resources with limited memory.

 Initially, we instantiate a memory analyzer, enabling the 
computation of memory overhead for any specified strategy. 
Subsequently, we formalize the problem of strategy search. 

To accomplish this, we leverage an external solver specifically 
designed for integer linear programming (ILP) and employ it as a 
basis for arriving at the decisions, pertaining to optimal multi-
dimensional intra-operator parallelism strategies that minimize 
memory usage.

Main idea
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1) Redundant memory cost model
To accurately evaluate the memory cost arising from the use of 

different parallelism strategies, we first build a memory cost model 
to calculate the memory overhead of arbitrary intra-operator 
strategies.

Take the matrix multiplication of 
a fully connected hierarchy as 
an example.Front In
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2) Path search problem modeling
We expand the original computation graph to generate a new 

auxiliary computation graph based on these candidate strategies. 
Each node in the auxiliary computation graph represents a 
parallelism strategy adopted for the computational operations 
corresponding to the original computation graph. 
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3) Strategy search algorithm

To generate parallelism strategies more efficiently, we formalize 
the path search problem as an ILP problem:

Existing high-performance ILP solvers can efficiently accelerate the 
process of solving integer programming problems.
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Major results
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Conclusions

The key findings and contributions of this research can be 
summarized as follows:
A novel algorithm was proposed that optimizes parallelism 

strategies, reducing memory redundancy and improving memory 
efficiency in large scale deep learning models by leveraging the 
extraction of the model’s computational graph and employing 
auxiliary graphs.

By conducting experiments on neural networks with various sizes 
within the Transformer class, the proposed parallel strategy, which 
aims to minimize memory redundancy as detailed in the paper, 
achieved up to 67% reduction in memory overhead. In contrast, 
the gap between the throughput of the proposed strategy and 
those of state-of-the-art methods is not large.
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