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Out-of-Core Graph Processing
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I/O C

Out-of-Core Graph Processing
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Out-of-Core Graph Processing
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I/O C

Lumos

I/O C
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• Out-of-Order processing 

• Amortize I/O across multiple iterations

• Guarantee Bulk Synchronous 
Parallel Semantics

• Dependency-Driven Cross-Iteration
value propagation
• Safely compute future values
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Computing Future Values
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Computing Future Values
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Graph Computation
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Cross-Iteration Value Propagation
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Cross-Iteration Value Propagation
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Intra-Partition Propagation
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Lumos: Cross-Iteration Value Propagation

• Propagation across multiple future iterations
• Synergy with Dynamic Shards [ATC’16]
• Detailed comparison with out-of-order techniques
• Generalized graph layout & partitioning strategies
• Cross-iteration propagation across different partition sizes
• Interplay with selective scheduling

• Lumos for Asynchronous Algorithms
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Lumos for Asynchronous Algorithms
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• Partial aggregations merged directly 

• Partial values safe to be propagated
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• Monotonic selection (KickStarter [ASPLOS’17])
• Partial aggregations merged directly 

• Partial values safe to be propagated
• Any change can be propagated immediately

• Intra-partition propagation based on 
degree of  asynchrony (ASPIRE [OOPSLA’14])it
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t
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• Grid layout based on GridGraph [ATC’15]
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Light-weight Degree-Aware Partitioning
HOF: Highest Out-Degree First
HIL: Highest In-Degree Last
HRF: Highest Out-Degree to In-Degree Ratio First
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Light-weight Degree-Aware Partitioning
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Experimental Setup

• Graph algorithms
• PageRank (weighted and unweighted), Belief  Propagation, 

Co-Training Expectation Maximization, Dispersion, Label Propagation

• Performance on single disk
• h1.2xlarge: 278MB/sec HDD read bandwidth

• Scaling I/O
• d2.4xlarge: 195-768MB/sec read bandwidth over 1-4 HDDs
• i3.8xlarge: 1.2-4.1GB/sec read bandwidth over 1-4 SSDs

16/20
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Scaling I/O
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Conclusion

• Dependency-Driven Cross-iteration value propagation 
• Out-of-Order processing to reduce I/O
• Guarantees Bulk Synchronous Parallel semantics

• Generic technique that fundamentally eliminates the performance barrier

github.com/pdclab/lumos


