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Abstract Large-scale unstructured data management brings unprecedented challenges to existing
relational databases. The log-structured merge tree (LSM-tree) based key-value store has been widely
used and plays an essential role in data-intensive applications. The LSM-tree can convert random-write
operations into sequential ones, thereby improving write performance. However, the LSM-tree key-
value storage system also has some problems. First, the key-value storage system uses compaction
operations to update data to balance system performance, but it impacts system performance and
causes serious write amplification. Second, the traditional computing-centric data transmission also
limits the overall system performance in compaction. This paper applied the data-centric near-data
processing ( NDP) model in the storage system. We propose a collaborative parallel compaction
optimization for LSM-tree key-value stores named CoPro. The two parallel (i.e., data and pipeline
parallelism) are fully utilized to improve compaction performance. When the compaction is triggered,
the host-side CoPro determines the partitioning ratio of the compaction tasks according to the
offloading strategy and divides tasks according to the ratio. Then, compaction subtasks are offloaded
to the host and device sides, respectively, through the semantic management module. We design a
decision component in the host-side and device-side CoPro, which is remarked as CoPro+. CoPro+
can dynamically adjust the parallelism according to changes in the resource of system and the value of
key-value pairs in workloads. Extensive experimental results validate the benefits of CoPro compared

with two popular NDP-based key-value stores.
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Fig. 2 Traditional computing model and near-data processing model
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Fig. 7 Host-side and device-side threshold of record size
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Results of CoPro and Co-KV under fillrandom- and fillseq-based DB_bench with various data volume
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