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Large-scale Machine Learning
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Distributed Machine Learning

Limited computation power and memory space in a single machine
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Parallel SGD
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Parallel SGD

Time cost = local computation + communication + model update
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Communication Bottleneck

Many 
machines

Limited 
bandwidth

Large 
model

…

Server

Communication bottleneck ⇒ Poor efficiency & scalability 
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Project Goal: Efficiency Benchmarking

•Number of machines or GPUs
•Machine learning model size
•Network communication bandwidth

Measure the time cost decomposition and speedup under 
different hardware and problem configurations such as



Data Science ad Engineering Lab

Cloud Computing

•Multiple Virtual Machines 
with CPU/GPU/Memory

•Communication Network

•Data Storage

Advantages: resource elasticity and flexible configuration
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Cloud Service

• Azure Machine Learning Service: workspace, compute instance, 
compute cluster, and Blob data storage

• Azure CLI Interface, Azure Machine Learning SDK for Python

• Virtual Machines: 
• 16 x NC6 instances (GPU K80 + CPU + Memory + Ethernet 

network) 
• 8 x NC24r instances (4 x GPU K80 + CPU + Memory + 

Infiniband network)

• VM images with PyTorch and MPI installed
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Azure ML Studio
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Azure ML Studio
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Azure ML Studio
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Measurement

Small model: LeNet (<1MB) under Ethernet network
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Measurement

Larger model: AlexNet (233 MB) under Ethernet network
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Conclusion

• Cloud computing provides a versatile platform to benchmark 
the efficiency of distributed ML (comprehensive 
documentation)

• Small models: distributed ML benefits from parallel computing 
but the speedup is way worse than linear speedup

• Large models: distributed ML might not benefit from parallel 
computing but just waste computation power

• Faster communication network (such as Infiniband) is needed

• Communication-efficient algorithms are needed
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Future Research: Communication-Efficient ML
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