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» Background > Challengel: The workload can be skewed
® File systems gain high performance from the memory cache.

® Read/Write requests are cached in the memory cache and

Beaver’s challenges

® Hot data is created later but read more frequently

asynchronously readahead/writeback from/into disk. » Challenge2: Asynchronous data movement causes PM
> Issues bandwidth interference
® The file system cache lacks crash-consistency due to its ® Foreground write operation: user buffer -> PM
unorder writeback. ® Background data movement: PM -> DRAM

® Existing approaches introducing PM(Persistent Memory) for
crash-consistency hurts read or write performance.

> Ad-hoc workarounds

® |[nterference can lead to severe performance degradation
B 12.1t027.4% in write performance

- - B 26.61t063.7% in read performance
® Double ert? bUffer In MySQL' Read Threads Wr|te Threads
® Full page write in PostgreSQL. m=0 m=1 m=2 m=4 100
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® Our experiment shows that the failure causes 2x lower write v Atomic Write: Synchronously write PM with crash-consistency

throughput degradation than single write to PM/DRAM v’ Read: Asynchronously accelerate read via PM-DRAM data moving
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Figure 1. Write policy comparison on P2CACHE with SIMD acceleration on (upper) ® Two atomic values: pending_wr and ﬁniShEd_Wr
and off {lower) ® Foreground write: update two values sequentially
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B The gap is large => the PM workload is heavy
B Limit moving speed when the PM workload is heavy

Observation and Insight

Implementation and Evaluation

» Implementation

® A kernel module (on Linux 6.1) that works between the VFS
layer and disk filesystems.

Our Insight: Writing data to only the PM and
asynchronously moving data from PM to DRAM is sufficient

to satisfy the application’s read requirements.

» Preliminary Experiment: A distinct gap exists between > Baselines
write and read ® (DRAM) Default page cache on disk filesystem
® (Blue lines) Most gaps are longer than 0.1s ® (PM) NOVA filesystem representing as a crash-consistent PM-
® (Red line) Moving a 4KB page from PM to DRAM takes only only cache
several micro-seconds ® (PM) Ext4 filesystem with DAX feature on

® Operates on PM without crash-consistency

o o
08 ----- [ 0.8} » Workloads

R e e e / 0.6-! ® Microbenchmarks by FIO

° 0.l ® Real-world applications: RocksDB and MinlO

| 0.2 |

> Key Results
® Better ‘insert throughput than SOTAs
® Similar or better read throughput than SOTAs
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Figure 2. Write/read time interval of page cache when running RocksDB MySQL,
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» Analysis
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Figure 4. Performance comparison of using RocksDB
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ison between Beaver and state-of-the-art cache systems. Figure 6. Performance comparison of using MinlO



