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Figure 12: The turnaround time for glimpse to index the
text files in “/usr/share/doc” and for gcc to link the object
files of the Linux kernel.
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Figure 13: Linux booting speed for the run level 3: Phase
1 is the time that elapses from just before the running of
the “init” process to just before the remounting of the
root file system with the read-write mode. Phase 2 is the
time that elapses from the end of Phase 1 to just after the
completion of all the booting scripts (/etc/rc3.d/S* files).

nel source directory after executing “make vmlinux” and
“rm vmlinux”. The link operation requires a high com-
putational overhead and small reads that inspect the mod-
ification date of the source files. However, ASP+MSP
outperforms SEQPs by at least 10%.

Figure 13 shows the Linux booting speed. The Linux
booting consists of partially random reads for scattered
applications and script files. We partitioned the booting
sequence into two phases. Phase 1 shown in Fig. 13 is
the time that elapses from just before the running of the
“init” process to just before the remounting of the root
file system in read-write mode. Phase 2 is the time that
elapses from the end of Phase 1 to just after the comple-
tion of all the booting scripts (/etc/rc3.d/S* files).

Phase 1 consists of CPU-bounded operations rather
than I/O-bounded operations. Hence, the gain of ASP
is small. Phase 2, on the other hand, requires I/O
bounded operations. Because Linux booting does not
produce multiple concurrent reads and consequently
causes no independency loss, the best scheme for
the Linux booting is ASP+MSP+SEQP128 rather than
ASP+MSP. However, the performance gap is negligible.
In Phase 2, ASP+MSP outperforms SEQP128 by 46%
and SEQP512 by 34%.

4 Conclusion
We introduced five prefetching problems for striped disk
arrays in Section 1.1. The five problems are resolved by
our scheme as follows: ASP (1) resolves independency
loss by aligning the read request in strips that are not laid
across disks, (2) resolves parallelism loss by combin-
ing with our earlier MSP scheme, which uses the stripe
size as the prefetch size to get parallelism only for small
numbers of concurrent sequential reads, (3) is beneficial
for non-sequential reads as well as sequential reads by
exploiting the principle of spatial locality, (4) resolves
the inefficient memory utilization of strip prefetching
through differential feedback that maximizes the total hit
rate in a given cache management scheme, (5) and us-
ing an online disk simulation, guarantees less I/O service
time than no prefetching.

From the results of Dbench and IOzone, we see that
SEQP suffers both parallelism loss and independent loss,
but ASP and ASP+MSP are free from them. Addition-
ally, the results of Dbench show that ASP efficiently
manages prefetched data. As a result, the sum of the
prefetch hit rate and cache hit rate is equal to or greater
than that of strip prefetching and no prefetching. The ex-
periments using Tiobench show that ASP has a low over-
head and wisely deactivates SP if SP is not beneficial to
the current workload. In the results of Dbench, ASP out-
performs SEQP128 by 2.3 times and a hardware RAID
controller (SRCU42X) by 11 times. The experimental
result with PCMark shows that ASP is 2 times faster than
SP due to the culling scheme. From the experiments us-
ing TPC-H, cscope, link, glimpse, and Linux booting,
we can perceive that many realistic workloads exhibit
high spatial locality. ASP+MSP is 8.1 times faster than
SEQP128 for the query four of TPC-H, and outperforms
SEQP by 2.2 times on average for the 12 queries of TPC-
H.

Among all the prefetching schemes and combinations
presented in this paper, ASP and ASP+MSP rank the
highest. We implemented a RAID driver with our
schemes in a Linux kernel. Our schemes have a low
overhead, and can be used in various RAID systems
ranging from entry-level to enterprise-class.

. . . . . . . . . . . . . . . . . . . . . . . B . . . . . . . . . . . . . . . . . . . . . . .
The source code of our RAID driver is downloadable

from http://core.kaist.ac.kr/dn/lore.dist.tgz, but you may vio-
late some patent rights belonging to KAIST if you commer-
cially use the code.
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