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Abstract With the rapid increase of memory-intensive applications, memory capacity is playing an increasingly
prominent role in application requirements. However, particle density puts constraints on the DRAM memory capacity
scalability. The swapping mechanism, known as a common memory-expansion technology, is to temporarily store less-
used memory pages in devices to expand memory. In the past, the disk’s read/write speed was the main limit to
prevent the wide adoption of the swapping mechanism. In recent years, with the rapid development of ultra-low
latency SSDs, the swapping mechanism can take advantage of its low-latency read and write characteristics to
improve the efficiency of swapping. The I/O stack of the swapping approach, however, has a significant software
overhead with low I/O latency. We analyze and evaluate the Linux swapping mechanism using ultra-low latency SSDs
and design Ultraswap, a swapping mechanism based on ultra-low latency SSDs. Ultraswap adds the processing of
polling requests to the Linux I/O stack and reduces the I/O merging and scheduling overhead to achieve a lightweight
I/O stack. Based on Ultraswap’s 1/O stack, the swap-in and swap-out paths of the kernel swapping mechanism are
further optimized. By optimizing the handling of faulted pages and direct memory recycling, the time overhead on the
critical path of the swapping mechanism is reduced. The results show that Ultraswap can improve the average
performance by 19% compared with Linux swapping mechanism; with 20% of local memory, Ultraswap can achieve
a 33% performance improvement, effectively reducing the time overhead on the critical path of the swapping path.
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Table 1 Comparative Analysis of Swapping Mechanism in
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Fig. 1 Overview of the swapping mechanism frame diagram
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Fig. 2 Diagram of multi-queue block layer & NVMe driver
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Table 2 Performance Analysis of Swapping Mechanism in

Read Path
F 2 TURAHLEIERES 7
SR ufE PRI % %
BARSTILEAT 0.5~1.5
A BRI, ST B 1.5~8
SR 24~25
k. SRR GAT 11~17.5
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HUZE LS 2.5~14
ZPFIPR AR 24~40 55~64
rhT e AUAL 12.5~26
P IR SR ¥4 10 12~20 12~20
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S8 g 8] B A PRAT 00 A2 A LR B i ] v, B2
JIT o B 1B A 162 s, o5 DUAZ BAIL HIPRAT B TH] Y 56%.

Table 3 Performance Analysis of Swapping Mechanism in

Write Path
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AR B 5 B D 1T 1) RE 0L Mk, e 5 9% DU IR A cluster,
H41Z cluster H Y DU T $2¢ BR bk DA /)N 21 B I & 1%

BRI R AR, 3K A T — A I, firh & BT SR Y
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Fig.3 Overview design drawing of Ultraswap
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Fig. 4 Overview of request sending in Ultraswap
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Fig. 6 Overview of page fault and prefetching process
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FOWR, A8 R A%, AR SR S B RN I oL i
T4 AL PR 24 3 A PR swapin_readahead B, 238
P63 S HE DU R HE HIE R 2 A 1) NVMe 3K 5l BA 41
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Table 4 Test Environment for Swapping Mechanism
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Fig. 7 Results of read and write performance
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Fig. 8 Results of application performance tests
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Fig. 9 Optimization results of Ultraswap for page fault handling
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A LBl % Ultraswap Ultraswap-poll-only
80 11.9x10" 12.5%10*
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Table 7 Performance of Memory Reclaimation Optimiza-
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