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A Swapping Red-black Tree for Wear-leveling of Non-volatile
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Abstract For recent decades, Non-volatile Memory (NVM) technologies have been drawing a high
attention both in industry and academia due to its high density and short latency comparable to that
of DRAM. However, NVM devices has write endurance problem and thus the current data structures that
have been built around DRAM-specific features including unlimited program cycles is inadequate for
NVM, reducing the device lifetime significantly. In this paper, we revisit a red-black tree extensively
adopted for data indexing across a wide range of applications, and make it to better fit for NVM.
Specifically, we observe that the conventional red-black tree wears out the specific location of memory
because of its rebalancing operation to ensure fast access time over a whole dataset. However, this
rebalancing operation frequently updates the long-lived nodes, which leads to the skewed wear out
across the NVM cells. To resolve this problem, we present a new swapping wear-leveling red-black tree
that periodically moves data in the worn-out node into the young node. The performance study with
real-world traces demonstrates the proposed red-black tree reduces the standard deviation of the write

count across nodes by up to 12.5%.
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