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Optimization of Inverted File Index Caching Mechanism
YANG Xiao-Bo o
(Dept. of Information, Zhejiang University of Finance & Economics, Hangzhou 310018, China)

Abstract: In order to improve the whole performance of search service system effectively, it proposes a method of
caching mechanism optimizatiy'on based on inverted file index in this paper. The specific studying process is as follows.
Firstly, the system st'.ructure and data loading of inverted file caching are analyzed, and then discuss the impact of
loading data to inverted file caching and cache replacement algorithm; finally, the cache optimization of inverted file is
studied through designing simulation experiment. The result shows that the method of caching mechanism optimization
based on inverted file index can reduce disk system I/O access times significantly, and also improve the bandwidth
utilization of disk system.

Key words: inverted index; cache optimization; replacement algorithm; loading character

:
v;. 5

(KT ATk s Markatos® il Saraiva™25 X ik— 19T T 22
TR PSR, B DA I 0 RS R 1 R 0
Chidloyskii ™54 H 7 SUIEAE, JEAT/R ALY 19 i ] 45 4

RGP Web Bl W2 10
VAR i sk, Al 2R 5 | 5 A A
BOEAEAWIE K, IR DRI B R G 2R

SR ARGENEREAN Y Mt . ZRAF B PR AR G fE

RUATY™ et i — M TR, (L VRN AR S0
A2 OB . AT A eI | B R R
445 it PR AT B A 2 9T

BT R K7 20 P S22 A A7 57
FIEAE IR PRI ALY | 8551 Rk o
K W I AT AR s g = RS, A
IRRAR IR R, BRI SCfE . Xie VAT Wangl!
SEPEANAMBT T 1855 S0 P A5 L, R P
B SRGRTINE, R T AR S g R

© WA A]:2011-08-2 1; I 25 L s 171:2011-09-22

96 WHFtFF & Research and Development

VK AT 52, 350 4 0 5 S DB 6 2R e
SEATHIAT, 17T LA 2 R A [R) A if) 2 (A1)
FHRMEPE MR AF A b 26, e A2 PR e A AR A iy L,
Al RERE M 4 AR HE T o R TR A7,
FIEWES AW AT,  FA 0 B SO 1 U
P41, X SRR ] DA N A7 X% . Jonsson 14
T IR 5 FH PR E AR AE S
BT S5 A 10 518 Saraival VST T — N SEFRE
%451 (TodoBR) H W EIHESCAFLE AL RGBER 1) 53%
i o

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



2012 4 5215 B 5 MW

http://www.c-s-a.org.cn

i H LR SN A

ARSOR AR P 2R 5 B (1 52 P ds AT Hdi - i
FUBHSCAFR I G vevt, AR (I HE S U 1)
Btk s, P HTSRAAAEREVPAS FRPRINIEE,  DAR KR
AL GAT R R RGN RENI NS

1 A
1.1 KR

RN R GER R RG K MR R LG, %
SCRGRN 3 17 N R B 2 ARG RS R A
M7 HIHATAR B P A, S AR R T S A
WIRSFICSIFREIGH . RGN A4
IWI

___________________________________

R R i
%ﬂwﬁ14+ ity | B "l.’
il R A !
«— | A let| 1T le—| = !
A |z [T 00 o G Af !
,ju:% 1| R l: L 1
i) :
S R

K1 R BRR ARG GAT I

BIHECAF AR TR RSS9 5 b, X A AT
ALEPAT FI P A vt i R v U ) B4R HE SO B AT 2%
{Eo NEGHWIFER AW P Aofia 75 B R
T () JR S, P CARUEH A v HRA T S )X S i ]
RIHREE e 2B A [FIRE IR o, X2 B S
ZEAFMFEA N K 5. 5 Saraival M54R3 & 23 ] 1#)

U A A TR, KI5 | S P G

BRSO ] W 2 AN I A A
RO, AT 880 1 SR IR 4 P
BBCHRRI 37 FLACHE . Navarro 458 i BEHL U i o
EITTAC 2 Sl PR

R AT A8 B SO R P 4 3
BBCAR PSR TR 41 A SCHR L —Fh B A
UL, AR B AT F e, SRT AR
BRI 5], JFSEI R RGBT b
REEEHHERET, e T DREHE SO i el ARSI 5
B3 P R )
1.2 EiEinE

R R IK S (trace driven) (W7 VRAFF 5T
SO RE . A SORIT T R IR0 2 5] S 1

FHP AT AR, 2 S PR T AR A A
TR R AT 45 TR AR . W B AT e
(K I, A B9 BR B R 45 ALK 7
5.

I, T T A T W 90 T 3 1 SR
C T Y A VPN E E e Sl R
T, BRG], AR, S
RARE AT T B H G SO, SRR i i 7540 P 41
(PSR 10 JTAEEH, AR .

B, T AT PR A, A A
T SARUL O RS R % 5 i) i B 5 V268
PAGE J¥ U4 B N0 TFAARIE LA
BRI M Ze 5 BAE 1 R

F 1 BUREREAG S B

R Hi
P B g 7,341,383
EAP S 2 e STl 3,522,968
BEENSE 2,603,035
PRy TPNAN 30.18GB
S EUPNAN 5.77GB
IO JPHKE 1,887,198
TOFF 3| ME— X 5 4 112,145
PAGEFHIK & 20,808,025
PAGEJ¥F1ME— X} %51 1 965929

2 AR

S A SRR, S TR S
CEAF RN A R I S
2.1 FEFIR R B3R AR I8 (51 BR 4 e

VO J b it R AT, Hoep L R
I 7 2 B4 [ 5 K (32KB), T 0] SR KL
PR RN AT IR AR 5], L AKB. Ay Bt 43
gt Gvhai REMH: MEA 7.59KB, 79%[1E K
MGACTEE 64KB LLR, (R A7 DU A i
o 70 B AE R I, R SRR 10 T v T
WL LA 3RA S I TP A

B ] [ BT S A B — A N 2
LS A P S IR A A AR R AT, I
RPN, — SR AR MR AT T LU R R M R
Sy — A AR 3 K BRI S8 AR P B

/O JFHF1 PAGE @415 55 ) B0 1 43 AT

Research and Development ff 5 Jf & 97

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



LR SN A

http://www.c-s-a.org.cn

2012 4 21 B S5 W

TR : BEE ARSI, s A 21 .
J7 51 g s 1] Ji s P T] LA AR 1) oo [] — A6 S R I
LR ) I TR ) o AT ok 552 o Jinl A5 g A FH U )
TEFFA R AL B ARG, TANE FHZE XTI, ) BLBE i
FH P 2 2 A 25 A T 1) B3 PR P ) B 5o 40 5 AL 1)
M. 1/O JPHIFI PAGE J7 41 (1) I [A] 1] B 7 A7 175 Il A -
WP B EE 44 2000 Ay ALy, IRV A AL AR
A LAAS AR AR, e F IR I ] [R] B 23 A Bl
2, VLW EAT R0 A ) ek

22 FHIMEERN

JFE B2 1) ey i e 2 F8 e 41 vh el e X A
Almeidal" "5\ A e ] DU I i 46 e 410 A0 BE A LHE S b
G I P A v — e K B AN ok w2 ]
W RAF BT 7 EE B — AN 5

&M VO JFP AR PAGE J7 A1l 10 J1 4~ ek, Ak 3t
LR 1 F) 9 [MIERLER, SeTFuE— 1 R iR,
ﬁ%?ﬂﬁﬁ%miwﬁ%ﬁ,%ﬂﬁﬂ¢ﬁiﬁﬁ
MRIME— H AN, TS AR Bl AR R RS
M — R AN BB Bt 2 36 . 3L, BENLERS G
FIE N IE R e i, AR )Rk 22 s VO R SIS Nt
A VS%, R R, PAGE JF AR .

x b Hr, fEARFSZA SR T, TR
ARG SEBRIERESEON TR o 8 LR E R AT VO
IBULE 2 Re LA S R 8 S Bn S U £l 2 L e Rd, 5K
(HF7R:

Ri— I __ RequestNum *(1- HitRatio)
T,.. RequestNum,,, *(1—-HitRatio,,,)

Rd = D _ RequestBytes* (1— ByteHitRatio) @ "
D,.. RequestBytes,, *(1- ByteHitRatio,,,)

HepT %ﬁ%éﬁi%ﬁlﬁﬂﬁ V0 %8k, D RS
B R i d 5, HitRatio A& 28 71y 71 %, ByteHitRatio
RZAL T i %, RequestBytes 1 RequestNum 437l
Foniti R FITMTT KA, Y ReMRA ANT 1 B3
R LB

3 i S AT
3.1 fAEEEEI
FEGP T T S E e P AU P S A RS

RSO RIHESCAE SAF AL R R, TR 241
ESE AL e Py

98 WHFtFF & Research and Development

LEBIHESCAE A v i R, SO R G AE
+ 4y RMIZATAE Linux #E R4 I, A7 1{F page
cache M"Y, Linux R4/ —FP4E4 LRU 5 LFU ()
CRAT RN, I RS LU 40 20 PR R P B 9 A AR
N GRAF A [

AR VO JPHIIZRAF 6T, DA a2
PEREFRAR, RIS R Gont i K DU A7 I BV AN ] o
VO JPHIT I SR K, T B A i ik
2% HE o XN AR KHHR DR AT 7] REAE Wb\ AR T ZE A7 4k
HRLHIF, Hrh GDSIZE gl b s,
ﬁﬁ5%$%§MEﬁ%5%$%LMquﬁ&%
B WWYO PO FOAF A B R S

EENTI PAGE [T HIIMEAF i, LABAE T T
HF R PERERE AR, KUK/ A 4KB IS L, BIHESC
PRGATE 5 A R G TAT I 2 e AE TR R (R B 4%
O'Neil 542 ) LRU-K Sk 2097, 1R 2 N H
P HEAL LRU/LFU HaFPERE, ASCRICEAE A —
Pl AT LA

& JEWE9T PAGE JRAIING A Beit, S48
GUTHR NI R R o BRSOG4 ] LA B AL 1) i T
KNy T T AAR 21 L SCAE R BB ATAE [ 5T 4KB DU
FHEAFRIPERE. IXIE R VRN TEREIRRS, FEEN
4KB LT o KA VAR SEI SO RS I A R B 5
%, SR G T LRU. B
32 FEERER oy .

EREECEHGE, HART VO JFAIZAE R STIAI
PEfES SIS BAfr R TRbR, GD-SIZEL 1
Aedmflt, MUk GD-SIZE(T). LRU-2. LRU. LFU
HISIZE. AT AR /34T, S TR R
51, LRU SELEHFIEV M) LFU PERELF, e
PR 1% PERERUFH) GD-SIZE1 tb LRU “F¥fsi
5% WIHR IO ZR T AR WIS VO L, Tl
BERGE 10PS SEUMI A FE BT HEIHE S22 47, mTEA
] GD-SIZE1 51k, XF VO FPyldHTaefs, A5l
[RIPERE.

DL 2o dabs, g LRU-2 TRAe
e, HHYCkh LRU. GD-SIZE(T). GD-SIZEL.
LFU Ml SIZE. LRU-2 E£Z A EE /N, HAE
128MB-512MB I}, PEfELL LRU & 4% /454, BEHZE
PRGN, WEPERREHE T3 GD-SIZE(T)LL
GD-SIZE1 PEREMILF, WURFE &AL VO KB

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



2012 4 5215 B 5 MW

http://www.c-s-a.org.cn

i H LR SN A

e e A FH 3945, GD-SIZE(T) )& — AT ik E; [H
FELFU A1 SIZE TEREALE.

B M1 PAGE J741] CK/NA 4KB) R4 545
ERvERE. RS LRU. LFU F1 LRU-2, 1
HARKY: LRU-2 PERemlf, EAFAR T EN
THEWR, BEZ S A LRU & 5%, {EKNZEfEARE
T, HEMRZERAKN. FH VO JPHIZELL, LRU b
LFU [¥EReLSf .

F4h, AT TR PAGE JFAIN AL ERE S DU K
IR ER, BT HT PAGESIZE % PAGE 4122471
REMISE . P FLEE R W L LRU Skt b % h 45
¥r, BE# PAGESIZE M, PAGE JEHHGEAF-firrh &
Wtz #8800, % EEARN PAGESIZE UL 4KB My
M Rd BEZEAFR/MIAE L. LA Rd hPERESR bR 4KB
UG EHE, PTUARG HH: SCPFREGT 4KB BT 22715
AN (9 7 P AL B R R AN B I, (IS A A7 T
DI TR T, 37 45 1 RGP o

5 Ja A TR DU SHEIHE SR 2307 30 A7
Ao DELSEEGZELW]: Rd F1 Rt [PEAERRT 20k
H % DN TR D BRI SR A, R A A Rk,
PERENT LA ) 5%-10%7047, X RGEVERESETHE A W ik

Tk DU A B SE S, B E T RSB 4
ARG, ATRAL SO R G AR Re T A . DAZE
iR R o $EbR, K GD-SIZEL 51k, *f /O J#4
HHATERAT, WIRA AP PERE: DLy b 2k Faks,
LRU-2 HiEERefefl; %t 4KB PAGE P4 A7, A
A EERItERe 2= A K ok, BE%E PAGESIZE

WK, PAGE PAIRI ATt b B2 0K, (BIHESC
PG Ar ] LU I VORI 0T, 3R A5 A7 I R Gtk

fibs SR dre AR RN S bR SURI A N TR b, 2
HEEF AL T, KU A A BIL K
4 4l

RICHESE T IR R S A R . Sl
S ATHCHR I I S0 SRR R I SCS B
APV, B T B SCU A R B e
RESF PRI BE IR BB STk L DU AN S L
YT REEH AP IO, IR B T4k

DIBE GAF KM VO JFHIx 5, K GD-SIZEL
RS, T LA S D B R VO VTR

2) A3k TR 77 AU RSO, SRR

GUHAE g U il (B HE SO (K B, ) DA A AR
ARG 2L

KGR MR TR R RSN BCR BATE
B BE— 2D AR AT LARE S A o AT Sidont
BIHESCAF 247 RGNS o o] 55V SCR A 1 JEA,
A AL B K P R 9 R AF S B R AP 8
K, IR PRI AR,

&

SEXH |

1 Xie Y, O'Hallaron D. Locality in search 'éngi’ne queries and its
implications for s;aching.l Proc. of ‘:l;wenty-First Annual Joint
Conference o}’ tﬁe IEEE Computer and Communications
S_oéieties. New York: Infocom, 2002: 1238—1247.

2 Wang J, Shan S, Lei M, Xie Z, Li X. Web search engine:
characteristics of user behaviors and their implication.
Science in China, 2001,44(5):351-365.

3 Markatos EP. On caching search engine query results.
Computer Communications, 2001,24(2):137-143.

4 Saraiva PC, De Moura ES, Ziviani N, Meira W, Fonseca R,
Neto BR. Rank-preserving two-level caching for scalable
search engines. Proc. of the 24th Annual International ACM
SIGIR Conference on Research and Development in
Information Retrieval. New York: ACM, 2001: 51-58.

5 Chidlovskii B, Roncancio C, Schneidesﬁ ML. Semantic cache
mechanism for heterogeneous “Web Quéfying. Computer
Networks, 1999,31(1 1):_} 347—136(’)/‘)

6 Joqsson BT, F;anlélin MJ, Srivastava D. Interaction of query
eya&uation and buffer management for information retrieval.
Proc. of the ACM SIGMOD International Conference on
Management of Data. New York: ACM, 1998: 118—-129.

7 Navarro G, De Moura ES, Neubert M, Ziviani N, Yates RB.
Adding compression to block addressing inverted indexes.
Information Retrieval, 2000,3(1):49-77.

8 Anthony T, Hector GM. Caching and database scaling in
distributed shared-nothing information retrieval systems.
Proc. of the 1993 ACM SIGMOD International Conference
on Management of Data. New York: ACM,1993: 129-138.

9 Jin S, Bestavros A. Sources and characteristics of Web
temporal locality. Proc. of the 8th Interantional Symposium
on Modeling, Analysis and Simulation of Computer and

(FHEEE 117 T)

Research and Development fiff5JF & 99

© THEFEEBRETN

http:/fwww.c-s-a.org.cn



2012 4 5215 % 5 W

http://www.c-s-a.org.cn

A [N VA

3 ik

AR ARG TSR A e PR OUNL s S B,
(R ARSF I 45 A T SRR L, 10 FL RS AR AT 2 P
UEHR I TE R ABAT o B 190 2% 2k — 7 T2 B2 1
BB h, M & H 2 AH 54— RERBE LA
AT RGN SN o, SREAL A S B 1
JUAR, T RESCHRAE RS AR Bl S 1)
WRUA, BB I RGO R T LATE S 2 i iz
TSI . 203 2 O 2 R R G0 AT SEvE AR GE T,
ORI ) A R R 5 I P R BRI S i
P K BRI EAR B R B A, MR R RS
HBUAR 2 o WU I AT i 1 24T, JEATT LA 2
RPN AR, BLE IR BT 384T

S35 Uk

1 ZUFF).HE TR0 £ VR EAL K RGER 7 5 5B R Ak K
AR, 2006,13(10):33-35. y

2 HERE T, VR, BE UG M2 PR T 102 R G R B
SCEL AL TR S VT, 2003,8(26):43-46.

3 ARG IE T Web (V138 1 2 % R 40 LN
E#fE, 2003,15(7):92.

4 R 284 T S HLBAR N T 9T Ak 5T A Tl H AR
£, 2000:57-59.

5 EBERATEENE . TUR MR RTEOR LRt Tl iR,
1991:243-247.

6 A MBI AR G  HUEL LR E, 2007,26(3):

88-92.

7 RS M SRR T i) I 25 R Al A XUBL s 3 WL R B T
5V H LT RE 5 M, 2000,56(6):104-105,140.

8 P, Wk oA B b A A TR b T T A,
1993:62-67.

9 Flavin Cristian. Understanding fault-tokprdnt distributed syst-

ems. Comm. of ACM, 2(),01,34(2):5]-53: .

10 Nam HC, ij‘fJ, Hong SJ, Lee SG. Probabilistic Check
pointing 'IEIéE Transactions on Information and Systems,
6(17), June 2002:1093-1104.

11 R S, 0 A5 4, A B XU SRR R 8 (0 i 12 W
RUWTFE. W B LR 2 22 R (B AR B R, 1999,78(7):
39-44.

12 SRS R RS = 55 A0 B U R 8 T 5 S B Kb [
Bk, 2005.

13 fAjHr4l.Corba component model F&: M1 58 H Bt
5L MR, 2005.

14 Michael N.Nelson, Brent B. Welch, et al. Caching in the
Sprite  Network File System. ACM Transactions on
Computer Systems, 1988,6(1):134-154.

1

(L4558 99 1)
Telecomunication ~ System.
Computer Society, 2000: 28.

10 Almeida V, Bestavros A, Crovella. M, De @liveira A.
Characterizing reference loca}ity in v’the¥WWW. Proc. of the
1996 4th Internq,ftionalx‘ Conference on Parallel and
Distributed Inf(;rmation Systems. Washington, DC: IEEE
Computer Society, 1996:92—103.

11 Otoo E, Olken F, Shoshani A. Disk Cache Replacement
Algorithm for Storage Resource Managers in Data Grids.
Proc. of the 2002 ACM/IEEE Conference on Super-
computing. Los Alamitos: IEEE Computer Society, 2002.

Washington, DC: IEEE

12 Cao P, Irani S. Cost-Aware WWW Proxy Caching Algori-
thms. Proc. of the 1997 Usenix Symposium on Internet
Technologies and Systems (USITS-97). Berkeley: USENIX
Association, 1997:193-206.

13 ONeil EJ, O'Neil PE, Weikum G. The LRU-K page
replacement algorithm for database disk buffering. Proc. of
the 1993 ACM SIGMOD International Conference on
Management of Data. New York: ACM, 1993: 297-306.

Application Case SEHZE | 117

© THEFEEBRETN

http:/fwww.c-s-a.org.cn





