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A new page swap protocol is proposed for user-level remote memory paging systems to accelerate the performance of out-of-core processing with multi-thread user programs and libraries written in OpenMP and pthread. DLM (Distrib uted Large Memo ry ) [1J12]
Abstract The original swap protocol has a bottleneck in efficient page swapping, which is requested by multiple threads in a user program, because all the MPI communications to the memory servers and page swap managements are
allocated to one system thread. However, this protocol has a benefit that it is widely available anywhere even if MPI thread-support-level is not so high. The new protocol uses two independent system threads: one for page for Out—Of-Core Multi-thread Program Executions
swapping, and the other for managing user thread requests. Although it requires the highest MPI thread-support-level (multiple), which is usually consi to degrade the MPI communication performance compared to than
in lower MPI thread-support-level, the new protocol achieves higher performance than the original protocol in micro k, Stream k, matrix iplication, stencil ion, and 3-Dit i FFT. A user-level remote memory paging system, DLM (Distributed Large Memory), offers virtual large memory using a cluster of distributed

node memories [1][2]. It is highly portable to various clusters and is an easy-to-use remote memory for people without any knowledge of MPL. It
was designed for users who need to solve large-size problems that require the processing of large amounts of data beyond the capacity of local

Original page swap implementation Revised page swap implementation Revised page swap implementation memories, using existing algorithms and programs originally designed for shared-memory models. They prefer and accept the extra execution
ey revised 1: r58-protocol revised 2: r77-protocol) time caused by partially using remote memory instead of the local memory, because converting existing complex algorithms to parallel MPI
(base: r3-protocol) ( P ) ( P ) programs is not an easy task and requires substantial costs. The DLM supports multi-thread programs and libraries written in OpenMP and
Memory Servee Memory Server Caleulation host Memory Server pthread[1].
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