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BRI R B FE max _ step A DAL 358 K #8403 K 18] B
A, WAOTTE LM IR EAZIE J % Clospan®) i 2Ll
b TR R =R RS R B
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Algorithm 2 MINING(p, S, min _ sup, max _ step, L)
Input: R RTSR P PilElFS) S, max _ step, min _ sup
Output: BEXEAS L
1. METETE S EHMIVE T(p)ZJG max _ step FIRAHITE
RARBIER A ETERES g1y g
2. for each | g, | =min_ sup do
3 Match ( @, L, p' )
4 I p =0
5 ¥ p #8510 p’ MRBSE A
6. else
7
8
9

¥ p % q, RN p, 5
’I%‘Pe A L;
MINING ( p,, S, min_ sup, max _ step, L);
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JEHRESAMLE T(p) ~ T(p') JUIZHBEG
245y ST .

N T RS FOESR RS B R TR A E
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W Bm(p) ={ %1, x,, 4,1, 21, 22,0, x, € {0,
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B, TR AERESHANURETLR
AR T(P)NTR) 171 T(p) U TOH) I, X
Count(Bm(p) )4 Bm(p)*H 1 8. MLE T(p)Fl
T(p' ) KIERES N

Dist(p, p') =1 - Count(Bm(p)&Bm(p'))/

Count(Bm(p) IBm(p’'))
R ERE G RIS k W&, BTFiEk
LA MBI IEF R, KWEE S B
MEFBRNERSSTHTE I BIHFRAT S BRE
[F] — e o ) B S PO I B EE, TAS IRAR k BRI
HaE, H=, RITEASR T BARARREIHEH
B R Bm(p ) AENHT 5 #) means, BT PR [F]—%
ta B E , RATTEF TR A SRR, AME
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SRR, BATHERE AL — - BRATIR B B
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®3 HE3
Algorithm 3 Match ( ¢,, L, p)
Input: B4 miERES qp s HRES L
Output: 3K p;
1. max_ d A RVFHIBARIREIER;
p<Q;
. X f7#7E p’ € L, Wi Distance ( g;, p’ ) <max _d;
p<r';

wn A~ LN

. return;
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EER AT RIURE L, SRS B AR A S IO
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PR, HIHE RPN Z-Miner 42 R0 2R A FEL
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AT, &ERNILL SD A#l, HbE Z-Miner
IR FE MK FE F TG ELE M 2-pattem A F5
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TTZ A I [ =S [ P88 . 5 Z-Miner AH HUAL B2
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2.6.20,
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Fa e, H 2 xERIK, F i C-Miner
[ % ]#) min sup %8 20, Z-Miner W 7] LL#S min
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AERL A 2 A R BT[] o ) 4332 IR R I (i 25 i)

FEASU/N e B TSR R , Z-Miner W] DL B3
) min _ sup, {3238 2 1A 2 E B L T C-Miner

[ * ], Xt Has W FFH R T C-Miner HYJRH

T4 IMMNZHEBIRERNFSEEE (Z-Miner: min_ sup=2, max d=0.1; Cminer[ * ]: min _sup=20)

TR Z-Miner C-Miner C-Miner ™
WHE(EY)  #E(MB)  WE(F)  =E(MB)  BE((F)  =[E(MB)
Cello92 (3 K) 18 35.5 7800 3.1 513 599
Cello96 (1K) 92 146 2089 4.6 979 355
Cello99 (1K) 47 103 6060 8.5 2135 656
TPC-C (1 /]pAT) 21 47.2 3355 9.2 1414 14
OLTP (2.5 /pAT) 3.9 13.4 174 173 40 455

FATLA cello92 Ry B3 max _ d Xt A2 84 0
BEERZWN, HHZEE R MM SRER
NMEBERIE, B3 BRTARREKERTF Z-
Miner B354 o 7 max _ d = 0 BN #4747 43
XEEMBR T, 5K 4 LB, Z-Miner T BFHE
AR TLMZIBE L, XEH T2 H B 308K
SY AT DUA A5 U8 TE K TR AR SR R

M 3 R, max  d BOK, R IR WK,
BIIFEB/DN . 24 max _ d KTF 0.2 B, 4248 i8] B4
BUB AT V22, 3% 2 B T3 SR BR A 8 7 A 1 KK
SRR I3 3 IR ER AN U AR W, > max
dET 0.2 B XS MO LW, B4HHH
I LR HE max _ step fH40 3 41, BiS max _ step
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g0l B 16 pages Seq
0 G pages Seq
o O EpP
i;\( 60 - BEDP + 16 pages Seq
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20 - I
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E4 #HIESROBBANGF R AR LB (None: TFEX ; Seq: IXfFHE ; PDP: #15 %

3.3 Z-Miner 35§ STE IR
FRATXF A [F] B T BRI 13 B A [F) ) A L

TEAY L BE max _ d 3G AT T R A BT AR . A1 AP
A min _ sup B Z 8] 8917 9K X2 H T
SCERIET LIRS i 38 SR R AR IR, T X 35K IT
RURE TR

900

800 L*\ -8 m mbup~‘ maxstep=2
~ 700 - mmsup 5;maxstep=2
l:? 600 by \_’ -~ minsup=2;maxstep=5
?; 500 g«.\ s, ~¥- minsup=35;maxstep=3
) . Y I N —
= 400 N #- minsup=2;maxstep=10
o 300 - \..\ AN ~#- minsup=5;maxstep=10

200 £

100 F~Ir e

0.3 0.4

3 EEEIEEXT Cello92 BB E KA
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@ 16 pages Seq
4r pages Seq
i3 P P
i HDP + 16 pages Seq

1
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YERTUR ZAF. TRl 4, Cello MEFEAEN
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64MB, T B 22 77 N 4MB, TPC-C 5277 M2
1GB, Wi BL 2 £ 2 16MB, OLTP ) %% 7% 'é"ﬁ‘ﬂjj
16MB, U474 1MB,

&l 4 1 Z-Miner F{ZIESE 53R 4 HIF], X rfE
MR trace KM N B (8] 26% ~ 66% [F3EFH. M
SCHR[2,3] 0] A1, C-Miner[ * ] X} Cello92. Cello99 Fli
TPC-C (KM S5 B 8] R 12% ~ 30% KPR REIR T, %t
Celld6 1 OLTP MIEILR R A B . Z-Miner 1§ %
TE AL R 3R 3] C-Miner[ * 1B 2 F5 0 L, X
A& T Z-Miner 175 35042 9 B3 3 Hr XA B 1Y
RRAZH, WERIZ IR AR E 2 MEA(F BT
SIEAA

i 4(a) B, Wy TECBH S HLFE AR T cache
BRI . i P 64 T ELTIERL 16 1~ H 2k 5%
RIEH MR, W KREE wace, BR T8 T I EUEAL
BORSHIRFERBUE 14% ~ 57% T [, AH R To i E
HIE LR SR 40% ~ 66% BT R, AT T
JFUF FER 16 A~ BT A [F] B o fE AT A 4 3 TR 1%
{9, R R 347 B S A1 T A 8 D e i BB A AR =X
BB

B 4(b) A B i e Bk i o7 e ] B4 £ AL Rk
AR, 2 O EE B8R, w7 B[] 52 1 3
Tne 4N 64 I EIRFFECESRE TPC-C FIREET
K2 23.8% ,{HR2F-H4ma g B (B 20 LE TGS i 77—
fio X2 Tt 2 TBERVER I T AL T 3R, &
M 1E 5 SR IR R o Cello96 F1 Cello99 1) 71 2 458
155, RS 3 T B e i o s[RI A LRSS AN AR

B T 0 T B e g Bt [ A5 AR 5 1 A AR 3K
B OBI#ETE TPC-C., Cello96 F Cello99 X 4 i) &5 17 3%
T MRRA 26% ~ 40% HIPEREIRTL, XEH T
KNI TR R T E B R E ST LU 8
WD R IEH R R AR /N

BATXF Cello92 BIHF 2 JTAME RAIE— IR RRLER
HgEit. WA S B, REAETHBUBR T , RECE

70 - e None
~a-- Seq

g PDP

—— PDP + Seq

BUH(%)
s
<

K3
L
<o D

0 20 40 60 80 100
WRAH (0%

B 5 Cello92 R HH
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SJREAYE IR 0, 3 2 BT R G A 5 S B S B
FEERKEMR RS RBMABE BRI, 7R A58
H—ERRE LI/ X RYCR . i AR BB Ay
DA R R IR . 32 TR T St 42
VAT RERA B, KR8 I s AR B R 3K o
BATLA cello92 F1 OLTP AT T AR IR
PR FBUCHCR R . AR5 SR IO FE I 15 L
T RIS B X WA B AR/, B 6 BT
~,max _d_EFHILTEX RBORA T A0, X2 H
FIRATIH BT TA T BRI JG R BT T I
B, Toit max _ d A fe]{EL, ELAR A X [R] —$icdig B iy
JE M EARIRE A, B L BRI . BTk
PSR S B B W] DA 25 9 B () W B I %, RV A R
SNBB/NIEIT , EBCR AN max  dfH,

—&— Cello92

B6 REEEXNRUEHZME

3.4 Z-Miner I STBAIREE

B ORAF T B4 AR, A Z-Miner H4Z
PGSR 0] DO AT S TS I S
(FHRRE) o AT HAHCE R THOERE B
JE conf (HES , A U Z IS . SE AL conf AT AE
TOUEC ARG BE , DT D035 248 P 0 o) T BBOKS JE i

ME 7RI AES], Y conf BEMMAY, max _ d /D
B HBIREER EF S X E /RIS
B TR ZRMEH 03, 7T LR E 2 WX
fEB . 24 conf %TF 0.8 A Cello92 ZEA ] max _ d HJ
LT RABCRAEZE /K, T OLTP [ 2% %0 % 22 7 48
AN EEH T Cello92 HBENLIE KT & HIE R T ¥

HHUN, M OLTP Hix KR EN &,

1EE 7 HRATE: Z-Miner F1 SD #4177 L3, 24
conf ZF T 0 B} Z-Miner BRI SD — 3, BEEHE
FREBORS B W3 0, 38/ max _ d SRAB MBS BOKE
FEIEET SO, XRWESGE W X REHE
T, Z-Miner 1248 19 2803 556 R 7T LASR AL He PO 53
P REMABH BURTE T .
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=
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i e =
10 % Max_d=1 v
- Max_d=0.6
5 L e Max_d=0.2
SD
0 i i 13
0 0.2 0.4 0.6 0.8
iR
(a) Cello92
25
fj e Max_d=1
i Max_d=0.6
10 ey Max_d=0.2
2-pattern
5 ‘
0 0.2 0.4 0.6 0.8
AR
(b) OLTP
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Abstract

Based on the analysis of the effect mechanism of the noise, a major factor that lowers the efficiency of frequent ac-
cess pattern mining and makes classic mining methods unacceptable for storage systems, this paper proposes a novel min-
ing method ——7Z-Miner. The Z-Miner employs a global-branch-cutting and branch-clustering approach for noise filter-
ing. The simulation results under real workloads show that the prefetching directed by the Z-Miner could reduce the cache
miss ratio by 40% ~ 66% , and the average response time by 26% ~ 66% . Compared with classic mining methods, the
overhead of the Z-Miner is 1 to 2 orders of magnitude less, while the efficiency of the prefetching is two times more.
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