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Parallel File System Architecture for Multi-Core Clusters

KAzUukl OHTA' and YUTAKA ISHIKAWA?®t

In a cluster of multiple processors or cpu-cores, multiple processes may run on each compute
node. Each process issues contiguous I/O requests, but they are interrupted by the requests
of other processes in the same node. The I/O nodes in parallel file systems receive these
requests as non-contiguous fashion. This increases the disk seek time and causes performance
degradation.

In order to overcome the problem, a new I/O architecture for parallel file systems, called
the Gather-Arrange-Scatter(GAS) architecture, is proposed. In GAS, the I/O requests in
the same node are gathered locally. Those are arranged in a better order, and scattered
to the remote disks in parallel. A prototype is implemented and evaluated using the BTIO
benchmark. Arranged-case results in up to 12.7% performance improvement compared to the
non-arranged case.
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b) Gather-Arrange-Scatter Architecture

1 The difference between a) Existing Parallel File Sys-
tem and b) Gather-Arrange-Scatter I/O Architecture
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2 Detailed View of the Gather-Arrange-Scatter (GAS)
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8} Standard Operation
3 Hooking System Calls

b} With PGAS FS hook library
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$ LD_PRELOAD=/path/to/libsyshook.so \
cp foo.txt pgas:/path/to/bar.txt

$ LD_PRELOAD=/path/to/libsyshook.so \
cat pgas:/path/to/bar.txt

4 Using the PGAS file system
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Total Execution Time (sec)

Class Local NFS PVFS2 PGASFS
A (0.4GB) 57.82 686.41 385.20 65.22
B (1.6GB) 114.48 1858.21 1404.58 241.74
C (6.8GB) 422.16 N/A 5358.19 1123.54
Write Bandwidth (MB/sec)
Class Local NFS PVFS2 PGASFS
A (0.4GB) 25.46 0.65 1.18 341.31
B (1.6GB) 38.57 1.22 1.30 321.24
C (6.8GB) 39.39 N/A 1.36 338.19
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#&3 BTIO (8n/16p) The Impact of Request Arrangement

Number of 1seek() at I/O servers (times)
Class NotArranged Arranged Reduced
A (0.4GB) 2287540 666259 70.9%
B (1.6GB) 8512074 1713626 79.9%
C (6.8GB) 27801033 4374196 84.3%
Number of I/O Requests (times)
Class NotArranged Arranged Reduced
A (0.4GB) 10490880 666575 93.6%
B (1.6GB) 42468984 3057766 92.8%
C (6.8GB) 170142519 11229406 93.4%
Total Execution Time (sec)
Class NotArranged Arranged Reduced
A (0.4GB) 74.71 65.22 12.7%
B (1.6GB) 260.47 241.74 7.2%
C (6.8GB) 1281.92 1123.54 12.4%
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The Disk Seek Times / Class B, 8 nodes, 16 processes, 64KB Block
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The Total Execution Time / Class B, 8 nodes, 16 processes. 64KB Block
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