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Memory Challenges in Data Centers
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Two Types of Data Paths

Different data transfer granularities
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Paging Path

Pros:
+ No runtime overhead
+ High throughput

Cons:
- I/O Amplification
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Runtime Path

Pre-access Barrier:
1. Check location
2. Copy to local
3. Update pointer

Pros:
+ No I/O amplification

Cons:
- High runtime overhead
- Low throughput
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Existing Systems Only Support One Path
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Locality

• Locality: Proportion of a memory block accessed in a short time
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Dynamic Access Patterns
Metis PVC (MapReduce)

Map
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One Path Cannot Fit for All

Metis PVC on
Fastswap[1] - Paging
AIFM[2] - Runtime

[1] E. Amaro, C. Branner-Augmon, Z. Luo, A. Ousterhout, M. K. Aguilera, A. Panda, S. Ratnasamy, and S. Shenker. Can far memory improve job 
throughput? In EuroSys, 2020. [2] Z. Ruan, M. Schwarzkopf, M. K. Aguilera, and A. Belay. AIFM: High-performance, application-integrated far 
memory. In USENIX Symposium on Operating Systems Design and Implementation (OSDI), pages 315332, 2020.

73.5

6.9

45.5
23.0

0.0
20.0
40.0
60.0
80.0

Map Reduce

Execution Time (s) 

Fastswap AIFM



12

Can a data plane combine the advantages of both
paging path and runtime path for optimal performance?
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Atlas Overview
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• Hybrid fetching path
• Locality profiler
• Unified eviction path

Profiler
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Benefits
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• Optimal data transfer efficiency
• Gradual Locality optimization
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Challenges
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Locality Profiling

4KB Page



17

Locality Profiling

4KB Page

…

Cards
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Path Switching
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Path Switching
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Synchronization
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Data Races!
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Object Fetching vs. Page Fetching

Paging

Runtime Invariant:
At any moment, data on the 
same page must go through 
one single fetching path.
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Application vs. Object Fetching

Application

Raw
Pointer

Runtime

Invariant:
Objects with raw pointers
must be kept in local memory.
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Evaluation: Overview

• Eight Applications:
• Random/Skewed: Memcached
• Sequential: DataFrame
• Phase-changing: MapReduce & dynamic graph analytics

• Baselines: AIFM and Fastswap
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Evaluation: Throughput and Latency
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Evaluation: Path Switching

PageRank 
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Conclusion
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Thank you!

Atlas is available at https://github.com/wangchenxi7/Atlas

https://github.com/wangchenxi7/Atlas

