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Large Language Models (LLMs) are everywhere for everyone

Background



Zhihan JIANG LLMPrism: Black-box Performance Diagnosis for Production LLM Training Platforms 2

LLMs have grown rapidly in scale, e.g., >100B parameters

Scaling Law in LLMs

https://informationisbeautiful.net/visualizations/the-rise-of-generative-ai-large-language-models-llms-like-chatgpt/

GPT-3 175B

Mistral Large 123B

LLaMA3.1 405B

DeepSeek-R1 671B
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The training datasets are also increasingly diverse and massive

Scaling Law in LLMs

• RedPajama datasets: 
over 30T tokens

• LAION-2B-en datasets: 
over 360B tokens

A survey of large language models[J]. arXiv preprint arXiv:2303.18223, 2023.
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Fine-tuning LLMs on domain-specific datasets is essential for 
achieving SOTA performance in specialized fields

LLM Training and Tuning 

A survey of large language models[J]. arXiv preprint arXiv:2303.18223, 2023.
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LLM Training and Tuning 
Training or tuning LLMs require substantial computing resources

LLaMA 3.1 405B: 16,384 H100 GPUs for 54 days

BLOOM-176B: 384 A100 GPUs for 3.5 months

DeepSeek-V3-671B: 2048 H800 GPUs for 56+ days 
(2.788M GPU Hours)

Post-training (Fine-tuning)

Full-training

DeepSeek-V3-671B: 64 H800 GPUs for 3+ days 
(5K GPU Hours)
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LLM Training Parallelism

Data Parallelism Pipeline Parallelism Tensor Parallelism 

3D Parallelism
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LLM Training Platforms

LLM training platforms: simplify the LLM training and tuning process 

Amazon SageMaker Google Vertex AI

Databricks Huawei ModelArts
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LLM Training Job Slowdown

Performance degration is frequent due to:
• The scale and complexity of LLM training jobs
• Strong synchronization requirements at training-step boundaries

Potential Reasons

network congestion Resource contention

thermal throttlinggarbage collection
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LLM Training Profiling

LLM training profiling and performance monitoring is important!

Existing LLM training profiler:

Limitation:

Intrusiveness and Compatibility

Visibility Constraints

Performance Overhead

PyTorch Profiler xpu-timer

Meta StrobelightMeta HTA
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LLM Training Network Monitoring
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What can we leverage to design a non-intrusive profiling solution with 
minimal performance impact?

Network traffic monitoring
• non-intrusive and independent approach
• minimal interference with the network and 

associated workloads
• e.g., Encapsulated Remote Switch Port 

Analyzer (ERSPAN)

Data format

flow start time, source address, destination address, 
involved switches, flow size, and flow durations.
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LLM Training Network Monitoring

DP Communication PP Communication
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Three observed distinct patterns inherent in LLM training procedure:

Spatial Communication Patterns
• Communications during LLM training exhibit spatial 

stability, with interactions strictly confined to GPUs 
within the same DP or PP groups.

Temporal Communication Patterns
• Communications traffics demonstrate clear 

temporal periodicity, as the training steps keep 
cycling and the workload remains stable.

Distinctive Parallelism Communication 
• Different communication modes (DP and PP) display 

uniquely identifiable characteristics, enabling 
differentiation between them.
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Method: LLMPrism
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Goal: non-intrusively monitor and diagnose the performance of LLM training jobs

• The first work using underlying network data to reconstruct detailed LLM training timelines
• Transforming the original black-box view into white-box, enabling precise diagnosis of performance 

issues within large-scale training platforms
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Method: LLMPrism
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Step-1
LLM Training Job Recognition

Spatial Communication Patterns
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Method: LLMPrism
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Step-2
Parallelism Strategies Identification

Bayesian Online Change-point 
Detection (BOCD) algorithm

Distinctive Parallelism Communication
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Method: LLMPrism
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Step-3
Training Timeline Reconstruction

Bayesian Online Change-point 
Detection (BOCD) algorithm

Temporal Communication Patterns

Key Findings:
• each training step concludes 

with a segment of DP collective 
communication traffic
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Method: LLMPrism
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Cross-step Diagnosis

Cross-group Diagnosis

Switch-level Diagnosis
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Evaluation

Black-box View Cross-machine Clusters Job-level Clusters

Part-1: Effectiveness of LLM Training Jobs Recognition

Internal Training Clusters with 2,880 XPUs

successfully identifying 19 training jobs
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Evaluation

Part-2: Effectiveness of Parallelism Strategies Identification

5 LLM training jobs with 1024 XPUs with manual ground truths

• Without the noise refinement process, errors may occur in parallelism strategy classification, 
where some DP pairs are misclassified as PP pairs.

• This issue becomes more pronounced when network flow data is limited to shorter durations.
• Incorporating the noise refinement process allows LLMPrism to consistently achieve 100% accuracy 

across all training jobs



Zhihan JIANG LLMPrism: Black-box Performance Diagnosis for Production LLM Training Platforms 19

Evaluation

Part-3: Effectiveness of Training Timeline Reconstruction

The reconstructed training timeline of a training job using 1,024 XPUs

reconstruction error of LLMPrism remained within 0.3%
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Evaluation

Part-4: Effectiveness of Performance Diagnosis

Switch-level diagnosis of LLMPrism using one-hour aggregated average bandwidths

successfully identified network issues and triggered alerts
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Motivation Approach Experiment

Conclusion

Contact: zhjiang@link.cuhk.edu.hk

http://zhjiang@link.cuhk.edu.hk

