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(a) Normalized computation latency in an 8K-GPU 405B LLM training job.
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(b) Reason of imbalance: input-dependent nature of attention computation
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Figure 2: Overview of 4D parallelism for LLM training.
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Figure 8: The process of outlier document delay combined
with var-length packing.
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WLB-LLM Heuristic Variable-Length Packing

Delay rare outliers, then balance total workload—not token count.
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Figure 13: Performance breakdown of WLB-LLM on the 7B
model with a 128K context window.
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Packing Method Imbalance Packing
~ Method Config | Degree | Overhead (ms)
Original Packing / 1.44 0
#global batch=1 1.41 4
: . #global batch=2 1.22 5
Fixed-Len Greedy 1 o patch=d | 1.11 3
#global batch=8 1.08 5
#global batch=1 1.40 467
Fixed-Len Solver | #global batch=2 1.18 1488
#global batch=4 1.09 25313
#queue=1 1.24 8
WLB-LLM #queue=2 1.05 20
#queue=3 1.05 23

Table 2: Packing imbalance degree and overhead analysis.
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Figure 15: CP sharding performance comparison.
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Figure 16: Training loss comparison on a 550M model.
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