VaultX Merge: Breaking Memory Barriers in Proof-of-Space Plot
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BACKGROUND DATA COMPRESSION VAULTX MERGE APPROACHES

« MEMO is a high-throughput blockchain that uses VaultX, a lightweight Proof-of-Space
(PoSp) algorithm [3] designed to enable efficient participation from both resource-
constrained devices and high-performance systems [2].
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BUCKET STRUCTURE — 5-byte nonce

unique plot IDs and hash keys to gen- _ a-byte nonce
erate hashes. « Causes idle CPU or storage, leading to longer runtimes on capable servers.
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« State-of-the-art Proof-of-Space systems still require substantial computational and storage
resources for plot generation.
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« Storing larger plots on disk is preferred, as they reduce the latency of reading from multiple REORGANIZE | [ WRITE

smaller files during lookup.

« As aresult, the merged plot achieves ef-
ficient space utilization.

» Large plots face memory limitations during generation, making it challenging to scale plot
sizes without careful optimization.

« Our previous out-of-RAM approach offloaded intermediate data to disk, resulting in signifi-
cant I/O overhead, when generating large plots.

PERFORMANCE COMPARISON

« Runs reading, reorganization, and writing concurrently using task-based parallelism.
» VaultX Merge is a new strategy that retains intermediate data in memory and merges smaller

olots into larger ones, minimizing redundant /O while maintaining high performance. » VaultX Merge performance on K-34 plots evaluated across resource-constrained and high-

performance computing systems with varying storage devices, compared to previous out-of-
« VaultX Merge achieves up to 50% faster plot generation across diverse machines and stor- RAM approach.
age configurations compared to the previous Out-of-RAM implementation.

» Uses separate temporary and final storage to avoid I/O contention.

« Maximizes CPU and storage utilization, improves throughput, and reduces total merge

time.
« When writing to different drives, pipelined approach is used.
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