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Abstract Prefetching technology is widely used as an efficient means to improve the performance of
storage systems. However, traditional prefetching algorithms are mostly based on detecting sequential
access features, which makes them hard to work in the environment with less or no sequential access
features. What’s worse, the storage system may even suffer from negative effects with poor
prefetching accuracy. Whereas the proposed prefetching algorithm based on frequent sequences mining
can make some contributions to the storage system in such environment by analyzing the behavior of
the data accessing to find the potential rules. Meanwhile, in some application scenarios where the
cache capacity may be limited, such as the embedded system, the proposed prefetching algorithm
improves the prefetching accuracy to avoid some adverse impacts which may be caused by prefetching.
The new proposed prefetching algorithm is based on the frequent sequences mining technology, and
the prefetching rules derived from the mined frequent sequences are organized in a Trie tree. To
improve the accuracy of the prefetching, the multistep matching technology and the subtree
partitioning technology are introduced, which can subtly control the using of prefetching rules, so
that the prefetching algorithm with relatively high prefetching accuracy can efficiently improve the

performance of the storage system.

Key words frequent sequences mining; prefetching algorithm; Trie tree; multistep matching; subtree

partitioning

B OE MBREA-—RARAGHEAGEEOALT RN 2R AMEROTRBREEREAT RSB
i B AR AR A AR L 3X AR AT e A1 IR A A 5 19 3R T AR KE A Ak, B T AR B A TR 8 R R M 1T A
AL ERTRA @R A TRELE FINZHRORREENEBE L M EENG T RITAR BB
ERAAE N EERSFFEEX TLRF—COEERT. AN AT ESERE ARG AT,
dm BN R AL TR Rl i 4R 3 o A 6 B R OR Y TRICT e X2 A R ey R A e, AR R g TR
EERTRERINEHEEAR, AL F R L FRIRMN L8 it % I B fo F R 5B B AR M 49 335 ) AL
w48 A L BT TG B N T AR A TR R A B A AR A A R e Ak

WA EE:2014-09-19; & @ HH#1:2015-05-14

BESTE ER AN =" ART I & B R 3 45 H (2013AA013203) s 42w B4 k2 A B AHT BTS2 400 H (2014QN010)
This work was supported by the National High Technology Research and Development Program of China (863 Program)
(2013AA013203) and the Innovation Research Foundation of Huazhong University of Science and Technology (2014QNO010).



444

HEAR S AR 2016, 53(2)

*@in MERFINR; MR R FH; %5 REe; TR 52

hEESES TP302

BT A S A5 AE — 2R B 81 4
A YO /N T BIE Y 5 51 005 91 47 4
R THREZ A — A0 3 B T 1993 4
Agrawal 2 N\" IR, ZEA T LA 20 Z4E B
(i) 3 B 1 4% b &R Y 08B ) A2 G k. R AUk
P94 Apriorit? , PrefixSpant®! , CloSpant"’ &.

TRAE y— P m e A M F B O 8 2 H
T MPAEAE R GE b T R B Y T8RO ER ) 2 R
FIGRE 15 ) 45 4E , Bl 4 Linux N —F A W
BRI 151 B 7 2257, DiskSeen'™ 5% JH — 2k
T 5 525 (A5 24 BT I 0BT % 5 B AT A4 e ]
Frzs [ IF45 /N AR 248 B0 T X P g 19 $2 -l AR # B
. R SO AN IS F A E R SRR 2 A
A R AR MUY B 481 4n S R e b ST BUIE AR Ui
[5] ER A 2 S oA ) 5 | A A Sk =l DL 1 45
LU MBTEAA i R = B Wy, T2 3
TR R B 51 D ) AR 2R TR L A AR T
1 & C-Miner™ FIl C-Miner "™, & 1138 i 4 % 5 %1
240 A0 A R ) A AR R AR R ) ) B e S TR
(R B B o FLJ2 B AT 42 4 A A o 1 s ] 23 ] O 4
VU8 R T LR 0] £ R0 FH AN % ot v 208 A SR
(19 Trie TSR TE BT X450 %5 5 7 IR A, 2o ik 1 i
FF O E I IR ] - M 2 U 4 L 5 ok 7
B v DE I %) A T B ) AR i B, B o A
.

1 EiE%Ey

Wil 1 R s Trie BURCR AL 45 3 0% RIZE A7
AR P B3 B B 97 A R R RS B

G PRI T AR P & R AR o HodE
TR E 2 P SR 0 B e 28 A7 A BB e b, B 22
A I B 2K 28 A7 A BT E 0 B0 AR [l 25 12
FHP s QSR ANTE | BRI GZ A7 A i v D)5 82 o) G 2 B i
# T SR IR BRI %) B A P8 DL — 1 A SR AF
B[R] B R B R 25 )2 P R AR A
LRU(least recently used) 2y % 3.

W ) 5 A R B SR B 3K DR A T P R T
BAE AR 2 B E AT YA 5135 2 1
FEVE MRS L AT A0 %6 47 92 I Bk 1 0 K
J7 5 H50H0 4R o BRI G ER AR )

Return Data

Storage Devices

A

10 Request
Return Data

Prefetch Data

Prefetching Query

Prefetching
Module

Cache Management
Module

A

»| Frequent Sequences

Mining Module

Catch Request Rules Generating

Fig. 1 Algorithm architecture.
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Fig. 2 Prefetching tree of rules.
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Fig. 3 Prefetching cache pools based multistep matching.
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Fig. 4 Subtree partitioning.
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Table 1 Hardware Configuration of the Server

x1 BREF[EHEER

Hardware Model
CPU Intel Xeon E5560
Mainboard Supermicro X6 DHE-XB

Memory DDR ECC RG 12GB

Disk 8 X SAS Disks (15000RPM, 146 GB) configured RAID5
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Fig. 5 Comparison of hit rate.
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Fig. 6 Prefetching accuracy.
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