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Explosive Growth of Model Size
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[1] Brown, Tom, et al. "Language models are few-shot learners." Advances in neural information processing systems 33 (2020): 1877-1901.



Pre-training and Then Fine Tuning
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Commodity GPU Servers
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Training on Commodity GPU Servers
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Mobius Overall
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Mobius Pipeline
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Stage1 Stage2 Stage3 Stage4 Stage5 Stage6 Stage7 Stage8



Mobius Pipeline
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Mobius Pipeline
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Mobius Pipeline

ASPLOS’23: Mobius: Fine Tuning Large-Scale Models on Commodity GPU Servers         7Storage Research Lab. Tsinghua University

GPU Memory

DRAM

Stage5

Stage6

GPU Memory

GPU Memory

GPU Memory

Stage1

Stage2

DRAM

Stage7

Stage8

Stage3

Stage4

Stage1

Stage2

Stage3

Stage4

F1,1 F1,2 F1,3 F1,4

F2,1 F2,2 F2,3 F2,4

F3,1 F3,2 F3,3 F3,4

F4,1 F4,2 4,3 F4,4

Fi, j Stagei’s execution on jth microbatch

PC
Ie

 S
w

itc
h

PC
Ie

 S
w

itc
h



Mobius Pipeline
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GPU B GPU AGPU A

Two Partition Questions
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A B C D E

GPU A GPU B

• How many stages are in each GPU?
• How many layers are in each stage?



Mobius Partition
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A B C D E

• Profile each layer’s memory footprint and computation overhead
• Profile hardware performance, i.e. bandwidth
• Use mixed integer program (MIP) to fine the optimal partition scheme

MIP



Mobius Partition
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minimize Training time of one step

subject to

More in the paper
Memory constraints
• Memory required by computation
• Memory required by prefetching

Pipeline order constraints
• Stage execution order
• Microbatch execution order



Communication Contention
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Cross Mapping
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Cross Mapping
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Experimental Setup
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Overall Results
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• Mobius and DeepSpeed with heterogeneous memory mode are able to train larger 
models

• Mobius decreases per-step training time
• Mobius brings more significant performance improvement when the GPU topology 

has more severe communication contention
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Communication Analysis
• DeepSpeed with heterogeneous memory mode requires frequent GPU all-to-all 

collective communications, while Mobius pipeline only transfers small activations 
and activation gradients

• More than half of the data is transferred at a bandwidth of more than 12 GB/s in 
Mobius 



Conclusion
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• Commodity GPU server is an affordable option for fine-tuning large-scale models 
However, communication resources on commodity GPU servers are scarce

• We propose Mobius to reduce communication traffic and mitigate communication 
contention problem
• Mobius pipeline: heterogeneous memory-based pipeline training scheme
• Mobius partition: find the optimal partition scheme
• Cross mapping: mitigate communication contention

• Mobius significantly reduces the training time by 3.8-5.1 times compared with the 
prior art
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