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Workload changes over time 
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Integration with Location Cache

Avoid both remote keys and values

Consistency of key 

Reuse passive invalidation of cache 

Lease-based invalidation

!21
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Separate Monitoring: Lightweight Monitor

Fine-grained migration: fine-grained monitoring 

Non-trivial overhead
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Separate Monitoring: Lightweight Monitor

Fine-grained migration: fine-grained monitoring 

Non-trivial overhead

Remote access: 
Reuse location cache

Local access: 

On-demand tracking

!22

monitor

migration threads

stat

plan

coordinator

key/value ops

key-value store

worker threads
. . .



Others

- Check-and-forward mechanism: support evolving graph 

- Memory reclamation 

- Failure handling 

- Pipelined migration: speedup unilateral migration

!23



Micro: YCSB-B Like Graph Traversal Benchmark

RMAT-26 dataset 

95% traversal, 5% PUT (like YCSB-B) 

Baseline 

Ideal: (throughput on 1 node) * 8 

Shard-based: 800 shards

!24

.  .  .  

100Gbps RDMA Network

CPU NIC Memory

24 cores 2*CX4 128GB

8 X
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Application: Wukong(OSDI’16)
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Conclusion

Locality is important & challenging for graph traversal 

Traditional live migration: Shard-based does not fit graph 

Pragh uses split live migration 

Zero-metadata, fine-grained migration 

Micro-benchmark: 19X, Application: 2.53X 

Included in Wukong

!27
https://ipads.se.sjtu.edu.cn/projects/wukong

https://ipads.se.sjtu.edu.cn/projects/wukong


Conclusion
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Traditional live migration: Shard-based does not fit graph 

Pragh uses split live migration 

Zero-metadata, fine-grained migration 

Micro-benchmark: 19X, Application: 2.53X 

Included in Wukong

!27

Thanks & Questions?

https://ipads.se.sjtu.edu.cn/projects/wukong

https://ipads.se.sjtu.edu.cn/projects/wukong
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Check-and-Forward Mechanism: Evolving Graph

Vertex: not migrated 

Edge: conflicts among multi nodes 

Detect conflicts in keys
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FORWARD
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Throughput (K ops / sec)
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Application: Wukong

!31

Throughput (K ops / sec)

0

200

400

600

800

Wukong
+Shard

+Split
w/ Cache

+Split w/ Cache

Remote Access Rate (%)

0

25

50

75

100

Wukong
+Shard

+Split
w/ Cache

+Split w/ Cache

254 267

407
455

642 86 85

52 46

10

+5%

-88%

1.52X
2.53X



Performance on Uniform Workload
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Migration Speed
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Millions of vtxs/sec



Scope of Starting Vertex
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Impact on PUT operations

50% two-hop queries, 50% edge update/insert

!35

0.11% is forwarded



Performance on Dynamic Workload
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