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Abstract If the answer of an XML multi-keywords search is not empty, there would be some specific relationships be-
tween these keywords and such relationships can be speculated by SLCA (the smallest lowest common ancestor), This
paper proposed an XML keywords query results ranking approach based on these relationships: the approach obtains the
SLCAs by the LISA II algorithm, leverages the structures of SLCAs to speculate the interior structural relationships of
keywords and to obtain the relationship tree. Then, the importance of each SLCA can be estimated by the strict degree
of keywords to the query node in the relationship tree. The SLCAs are ranked according to their importance and the or-
dered SLCAs are treated as the ranked XML keywords query results. The experimental results demonstrate that the ap-

proach presented in this paper has the high precision,and can efficiently meet the user’s needs as well.
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H AT, X FA RS R OERIEC 2B MR T
HEA SR TR T TR E AR TS . 30
LHtstA P AR AN AR AR, 5
FHHEREHERT HANBE AT WA R
BRI E LSRR, 5 XML @ FE AT T ARNE
HRE,FERAEXHER., SRS THUXEFEE R
B3R MIHLAE , FF & T —4~ XML K48 F 18 R 5 E——XSeek,
HEEW IR BISEE T S FR 4, 3 H B X A5 TE IR AR
IR » M T 2B A5 1038 R iR Il 45 05 . SCHR( 4]
RET —METHREHRENRIDEERHAKRBE T RS
FHREW, UK R UC R SN, SFRE SRR AR AL R
BT —FETRAONNSREFEFERTERR SEALE
BB . AR5 1IR3 T — A2 T8 LA K /) XML %
BT RS E—Ropeway, EF A XML $iE 6 & #9iE UF
Bt T XML $aErE XA EER R AP A
AEEBRRTRREMWERE. X6 H —FET XLCA
M XML %48 FH R, £ SLCA MER FRE TET
XLCA HBSREE S IF A T —FOE 18 B9 R 5| 454 A A RL
i) BuP B8, HEEW A BRI A RE.

HRTAIRTF XML REF 2 WM HETF 7 sk — U@ o 4
#7 TD » IDF,LCA(lowest common ancestor) , 2 ifj &5t 4k, 5%
F RGBT AW IR E I 4y R, N5 3] topk HEFF 4
R, (7R T XPRAM Jrik , B A -5 15 51 L id
MG S, VTR R P R A TR TR R T
HIRAS TR RS topk R, SURR[8JRI T —FMXEF
top-k B, B R E T AR E N RSB RS,
PRI 0 SCRY » I BLEE T h 8] 25 SRAE B — U7 [l o i SO I B
FRGER. SCRI9JEH T —Fp IR-style R, HEEH %
£ 1) XML BB SE 6 i o S04 S48 B A XML 303 2 2 3L
B 3 AMEEE: (DA P ANERNEE; () XRBFEURE;
(DI ALEER L. SCAR(10J8 B T XML B fE i 38
top-k HRRFERT B AR FEWTERRILRANG
FHHEE, FHTIAT REF top-k B,

AR E—FET SLCA i XEBFZRFEHXEN
XML X FA NS RET Fk. B5EE LISA THER
i SLCA, 7£ SLCA #5H - RIBRFTA i dE X BT AL B 3
1~ SLCA A XBF KR . 0K HE L KR
w4, R R FT LB AL 84 SLCA B L X2l
SRR B AR AR AR AR B HE Hi 4% SLCA EERE
B, FHBILT BT SLCA #ATHERF , 5 th A /7 i SLCA fE
HEWER, ANEHBEER SLCA HHXT AEEH SLCA
(7% ve 4118

AICH 1 FAAXRETEAGERAT FEHHXE G
52 WARAHMXETHENGRATFHRR TR H 3 Wikl XML
RBFENEREFHENRBETREEH 4 THRES
HBRTRERER B A4 L&

1 BxXEX

TEX 1(SLCA, smallest lowest common ancestor) Hl &
EE/MAF G, EASIAXEFHE/N XML FREE
BRHEO.

BE—RREHEN T=0,V,E,ADUR—4HXEF K

=(kyskzyore s ko) s Fof, r RONEAEA IR GE 2,V Ron i
MRS RMER ERTIBEANES A REFHLE S
B A, SLCA IZh sl R INTF A

(1)SLCA & SLCA MR &S RESFA MXETF;

(2)SLCA HEE THEHA T AT LMEEF.

EX 2 & Dewey Gaf) 45 EXT N XML BB M HR
HiEH G=V,E,r,A),G TEELE R Y & Dewey Hi%H
TR E «

(DL r B Dewey SRi5H 0;

(OERIFES G EP  RE L v BE R u HEF
YR RITE RGRIBERR N preO BB 4, 85 5 v 1Y Dewey
54 D). pre(v) ., HHM D RARGES u MY & Dewey
%[12] .

EX 3GEEM) 75 SLCA Tl A EXBFELE A,
M B AL & BT G FRIRTE 451 . i SLCA BRI CEF
KR SR Y -

(DSLCA PR KBEFHXALE R L FRER, MBS K
BFEXRMPIXRNILTFRE.

(D)SLCA FFAN KB M BN FRKX R W
PN RBFAXFIMPRR AL FAXER.

2 XEFEASRHFHLBEIER

A T SLCA NI X B FEM AR XBFE
WERHF R FECRE 4 R:

(1)SLCA HJFKEL: SLCA fIRIUZ XML XEFA MY
RPEXBHERERNHE,

ACEE LISA 1T B 333548 LSCA, Uk 13 ysL
IEHG, LISA 11 &35 Stack B3k ILE B 3: SE & H:# LI-
SA B3, LK LISA 1#1 LISA 1 & & LA KM SLCA 1)
ZHE PRI R

(RAXER HT SLCA WEME BT RBEHIAX
BEWMER.

AT MBS SLCA i IR X BF S S e
FRENE X R AL FRRAEEEARREI LK, AT
BBFAXRBFEZENESHRER.

(3)SLCA EERFHIHHE BN M RRR R FE Z A
ML FRARBMEFRXRATRA, BEIXS N A FTA SL-
CAREERE.

(SLCA ¥ BIBE N SLCA MM W EERE, X
SLCA #47HERF , F A F# i SLCAfE R FEBER.

HEBRRLH B NERXEE. B 2 Bl T A
A BB RIESR,

Eifd ey
r—LE{IIﬂT—J—D B E B M B(SLCA)
HSLCAH £ B 5|

T T

[ ox# | [ ri#E [ maxsrsias

A ISLCA HHEESLCANEE
%5 % ALSLCAB SLCA-Rank ¥ 3

B2 XBFEALGRIFTENERER

3 ETSLCA ZHHXBFEALSREFTE
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RIFRBUY ¥ BUR 4 SLCA mHEF k.
3.1 LISA O %

BRI LR A — R AT P B BLEAT B B R R R
FRAMEE SR REUES A XBF RS SR/
FRERERSR.

ASCENT LISA T H D358 SLCA, LISA B & F
SLCA 5K 2" A1 LR, RIGE R R SLCA 4551
B, LISA ILRMAY B Dewey Hi%, R T Dewey E£EX
B BEAMAFRIER P4 A8 Dewey BRI R,
Hi A% BN AR R R RS

it LISA IERFAUBEA G& 2/ SL-
CA, BB INEE 1 Fim.

HE1 LISAUEE
Input;: Dewey code set D; for each keyword k;

Output: The SLCA list

1. Transform all Dewey codes into integer sequences, still store them
according to keywords, marked as IS

2. Compute maxL;(IS;) for each IS;

3. minmaxL=min{maxL; | 1<<i<k }

4, v={};tmp={};

5. For j=minmaxL—1 to 2

6. While no IS; is null do {

7. Build integer set D;' (1<{i<{k) corresponding level j and sort

ityD1’ is the smallest set;

8. tmp=Dr";

9. Fori=2to k

10. tmp=Inter(v,D;");

11, v+=tmp;

12. Delete integer sequences, which have integers contained

in v,from each IS;
13.}
14. Return Dewey codes corresponding to v.
Bldn, # A8 LISA T Xk 7E 3 f9 XML SO Tk ¥
7“Steven, XML, DTD” By %8872 ), 7T LB BIBIA SLCA(IN
B 3 PE BRI .

Book

Authorl

Author2

title chapt?

Steven JavaXMI ;ll; actlio
|

B3 LISA I ®Z%BZWAH SLCA

3.2 FiAX@FXRBHRNAE

B LISA I B BRI PTH KB T SLCA, 4 SL-
CARIGHRR, TR P A XRFHHENLERR,
FERKEM .

BT SLCA SRR T AP MARBTFEEMNRFH
FiASEMER, Bt SLCA BHE T IrAXBFHENER.
Mgk SLCA HETH MAERBFE R, W LB RIS GO0 BT A £
BERNWILER. KEWTLLEE X FRRMELERXE
B EXR BRI TARBTZEBXR.
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BT LISAI 3k AT R 1 Dewey 4iF5, B A
BEEFNLBTEREEMEBRER, ARAHANE P —
MABRTRA A RBRETRNT M FRFRR, RFE
HEFRER AR ER EF— S A EIZEERITR
AMERBHER 1. XEMYEERBESE T Fix &S
2).

#i% 2 RT (Relationship Tree) ik
Input; The SLCA list S
Output; Relationship Trees
1. for each SLCAE S do
2. read the SLCA;

3. delete the non-keywords nodes;
4. for each k;

5. create a relationship tree;

6. return relationship trees;

258 RT B3, B 3 H B4 SLCA AT LB BB~ %
ZHOAE D,

RTL RTZ\
Swmm Stmm

B 4 SLCA ®{bBy/INEiZEM

3.3 SLCAHFHZE

FEXRBFHRRM T, BN RBFERANERGE R
BEFHERBHXRANOEERE, XBTEINERS
A Q HYERI MG, 3R A IS R R & R R
p-yzip

BN ACLREMMTHER BEXRNPXRTER
MIZHWER, TR HEHXM AN S Q WRFIRER, B
BYEWTREE. XBFRBENHEEIEETUTE
.

DXRREMPELBFEETAENLER QHERE™

e, BT Xt L B2 15 SRR ARV A, BDEER P i B0 2530 LL B SR A
SRR AL A P M E AR E (EA A R B ME
B SRR AR ™, LB B P 3 B AR A R R
B, BRI R R MBI SLCA Ul EE .

(DFEF—BR LK% S5 STRE , SIS R ER ™
¥ FE A X248 R BSR4

ORFARRNENERE WHEL- RRERNENER
FERE

RPIFYE, B 5 H 3 FE LR RMRE P @M E
H(OBERER ™, BN (@ MODARDERBRY b &
REF ALK Q () RA—NEMAKM ki /b RIRH Q, H
i &y FASRBRAE oy s TSP (2) B L (D) B R, BN
(DER by BHR QBT , (b)) RER &, £ QWFAB,

— BB TERESET.
0 0 ¢
k1 k2 k1 k2 ki

k2
(a) (b) (e}

B 3 HERRLRHAE

FEXRM S, AR ENE AN EAER QHERER
R, B AR S ANEEREWRRRK. —8ok



BE, XAM P A AL RN TERREREEN, IFXRAMBNIE
EWrp R BT AR T, RN EERERK
ls%%o ﬁﬂ@ 6 Ef/:l‘?s%}.li ﬁgigﬁﬁjﬂ a1>>a s by >by > by

1€ >>Cs 0
al /bl\\\ ¢l
b2 b3

c2

E6 XFH

REASGR QWEEREN LT RLANEERE
/NF 1, 3% father=a * childhood, ancestor==5 * offspring,
¥ a,b 53R A S E-BF B AR REEREAERE, I
PSR ERREN. A

DRFBEFXR: po=a* prro HF, 00 B i B
F. InE 6 o =ax1=a,

QME-ERRR 2o =0% poro HH, 0. & 11 HIF
Ro MWE 6 Fics=bx (ax D=b*a,

T ERFE, TUHBEH XA P E- ML AN EER
B

EXSSLCANEERE) XAMBHMASZANEE
BEZIENENXANNEERE, IS RMXTR K SL-
CAMEERE.

SLCA B B2 BEFT LA SR S A P %ot it SLCA B 4712
B,SLCA WEERERR, BF 6 A HENER, R
RAPHEREBIY, Fi, 13 SLCA N REE 4 H
P AU SLCA HEFF (SLCA-Rank) # 3k, %f SLCA W E
BEREATHE, XA SLCA #THEF , B REEY
SLCA fe A B WL R AIRRE, SLCA-Rank HikRER 3.

#ix3 SLCA-Rank B@:

Input; Relationship Trees T

Qutput: Ranked SLCAs list

1. for each Ti€ T do

2. read the Ti;

3. foreach T;

4. calculate the important degree of each node according to the

strict degree of each Tj;

5. if the relationship of the two node is father-childhood
father=a * childhood
6. else if the relationship of the two node is ancestor -offspring

ancestor=b * offspring
7. add all the node’s important degree of the relationship tree;
8. ranking SLCAs according to their important degree
9. return the ranked SL.CAs list.

4 e

Y BN FLRIAE R IRE, R TR EMK
WEE R .
4.1 LIGIREEFA R

AZRE BT Intel (R) Core(TM) i3 CPU M 380@
2. 53GHz, 2GRAM, 500G % #& 1 Microsoft Windows XP #
VERG T #4TH, B IBM XML data generator™ j= A 32 3C

£ B —4 XML 854 .

BHEEE BookDB. xml: A Amazon M350 BEHLERE 50000
% E A0 4 BookDB. xml BiE&E (A 7), K KK E
# 6,408 50000 4~ Book TLE.

BookDB.xml
Type

Computer Economics

BookID

Literature

BogklD BookiD

Bl 7 %dEIE BookDB. xml

T EHIEE, FH Java iIBS M eclipse3. 0 HiF T HE
T Web HEHARSE.
4.2 THMBAERIE

BRI ERREIHITIIR, 30 RS WA T
P, DABEA SCEE T SLCA Hifl eitr > 8 L & i XML
KETFEALERHTF HFEWERR, R (Precision) f#
HERTFSRPREEEAREEXTEALE, ETHE
LR b 10 L RE A FRREIRERES B
SRAWIF . 2 BookDB, xml k43518 H 1 KREF A #H
RED.

£1 ¥EL H L# 10 £IAER

Query ID FHRLHREF
Q Joshua, Java,Jsp
Q Frank J. Fabozzi, Market analysis
Qs Enterprise, Management, Sun Jian, Zhao Tao
Q Linux, Shell, Sobel
Qs The Adventure of Tom Sawyer, Mark Twain
Qs Economic, financial, accounting
Qr Lippmann, C+-, primer
Qs Photoshop ¢s3, computer
Q Guo Taiming, Foxconn, Xu Mingtian
Qo C# , karliWatson, USA

EHTEREROER B, ERURENCE
50000 4~ Book JLZ ) BookDB. xml $#EE h & KA RHA
SHELZERITAER Book STERAHEH . Fibsrxf& &
WX 2537 , Bt BookDB. xml ${#E 42 B9 100 & 5 & MK
A L HE YT R AT N /N EE R H s RBEAXE
W R R U B, AES LAREE H ERIHE
XHF FENEASR SR EERESE H, Pirxsd i
AP EEAARETROMRN, 52 RGBSR
BE, NELRREE, R h S5 EREEMHRNTE
MR E , MR ORMR.

BN, 753 1 PREETEN Q A& 3 KT  Josh-
ua, Java il Jsp, MRIEAR L, EHIEE BookDB. xml K)F
£ H, byl LISATERITE HEd 3 M BFH
AW B B (SLCA)  f#H RT BRES 1 SLCA KWMIE
ZWhEIMERIEARTERBE 3N RBF XA RH K-
FREBRBERXTRR ARECE 3NMRBFREXRENX
#4: Qi [Joshual//Java//Jsp, @ [Joshua][Javal//Jsp, Qi
[Joshua] [//Javal//Jsp(3E 2).
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#2 WRERERBRER

Query ID RTEZERNAELHAXETFUXER
Q Qu[Joshua] [Java] //Jsp Qi [Joshua] [//Java] //Jsp Qi[Joshua] //Java//Isp
Q2 Frank J. Fabozzi Joshua] /Market Qg /Market analysis /Frank J. _
analysis Fabozzi Joshua -
Qs [Sun Jian] [ Zhao Tac] [ Management// Q3[Sun Jian] [Zhao Tao] Q3[Sun Jian] [ Zhao Tao] //Management//
Enterprise [//Management]// Enterprise Enterprise
Qs Qi [Sobel] [Linux] //Shell Qu[Sobel] [//Linux] //Shell Qu[Sobel] //Linux//Sheli
Qs Qs [ Mark Twain Joshua]/ Qs [ Adventure of Tom Sawyer// Qs /Adventure of Tom Sawyer/
Adventure of Tom Sawyer Mark Twain Joshua Mark Twain Joshua

Qs Qs [ Economic] [ financia]/ accounting Qs /Economic [ financia]/ accounting Qs /Economic/ financia/ accounting
Q Q7 [ Lippman] [C+-]//primer Q7 [ Lippman] [primer]// C+-+ Q[ Lippman] primer// C+—+
Qs Qs/computer/Photoshop cs3 Qg /Photoshop ¢s3//computer ——
Qy Qo[ Xu Mingtian] [ Foxconn]/ Guo Taiming Qo[ Xu Mingtian] [ //Foxconn]//Guo Taiming Qo[ Xu Mingtian] //Foxconn//Guo Taiming
Quo Qo[ C# ] [karliWatson]/ USA Quo[ karliWatson] [USA]//C# —

FER 2 HR BRI X R M A SLCA-Rank B XX R
WEEHIAXRFHRRETRMAEERE 3D, T
2| SLCAX R XBFHERERERE. fT 0<t<<a<
1,a*<b, RRAEZ AW PN X AR P ERREH KA. X
AW EZREN Y SLCA (EEREE, Bkl LIXBTA 1
SLCA #4737 G A JF ity SLCA.

#3 XBPFEEHENBLLER

Query ID XEAMTHAARTEERENEMER
Q atata at+b+b at+b+b2
Q ata atal ——
Qs atatatb atatb+b  atatbtb?
Q4 atatb a-t+b+b a+b+b?
Q& ata atb ata?
Qs atata at a?+a ata?+ad
Q ata+b atatb atatab
Qs a+ta? atab ——
Qo atata at+b+b at+b+h2
Q1o atata ata+tbh ——

ALH B R T BEA SO B B IE, Bt 5
ERREE H PR SCBFA N ER B A RS R S50
AR ARG R AR A

A XEERPEBMET 2 MAESERSURER R BB
kARG RBATIH, BRI BN R, E X,

_ | top-% query resluts{)marked resluts|
k

Precision

AT R BAFLENEEERRMER, ZLEHH
23t LISATTE AR AL R 54O BB 2IKRT 10 4
E WSRO RAATR L, 0 4 FrF.

4 LBAIBSRSAIFEERNERERRNTIL

Qe UATEEER e AR wax
Q 19/24 80% 24/24 100%
Q 15/17 90% 17/17 90%
Q 5/5 90% 5/5 90%
Q 16/16 60% 16/16 90%
Q@ 4/13 80% 6/13 100%
Qs 9/13 80% 11/13 100%
Q 4/8 60% 7/8 90%
Qs 11/28 50% 25/28 0%
Q 13/15 70% 13/15 80%
Quo 8/19 70% 12/19 100%

R A4PHTREEERP, R LISAH B LB ME#H
SR 5ATT B RIMRT 10 NS R TR RS 5]
B T30 93 %6, FEAMIERH T A 3077 Bail [ 9 2 1145 SR ) YA
BB TRAER, SES BT 2 P i .
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BRiE ACRM T —MET SLCA #HRILEF R X R
B XML @ FH MG RIFFE. AR EL LISATE
B4R SLCA,MRYE SLCA BEIFA XBTZHMEHWRR,
Bk B EAL S SLCA A XBFEX R X BT
ERE, ATi53] SLCA WEERE, 3L Fra i SLCA
BATHER BRI AT SLCAER AL R, TREFR
R ACHERE T REFEANERE, BRNENR
HHET—SHENEL.
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R RN S BRI A T R E A TRE RN o=

0. 05 B , 7 7 1 4 8% E LB 1] A AR AL R QNI 6 BT .

it

B 6 RETERAMIARES Biv R R i & RIFL

HE 6 ATLUE &, ZEM R A TRERT , SR A%
FERMEA LY, R F B AR S B SR B T IS B B BE SR R
R AR B EE,

6.3 HRHH

B T RBeR SRR B AR, LT LUl S %
TIRBATRABB . TESERME 4—HB 6 P, T LIEF
LHATRTA SR R 5 B AT DU S R A B 1 1), R A K
PSR AR T, T 243K B PR S BE AN P A S5 B A9 LE 2 BT
BT RGN EM. AERRTER & RSB B,
R GELER B LT ILMTR:

FR1 RBUERMKA T REEH, X B B AR
AW ERTAE BT ol A B 40 #EAT B AR Supe i, BUE
BEDL B R AR HEAT SR B

FR2 RBBMHREEE, MEREREH N E L
BEFTFERREIACD B b Rsh, X LUR Sl TR .

TR3 REATRENREFLSMHE.

GRIE TAERERTSALERMEN— N EES
1, 23O — A A LRBIER G SIRS KGR R
BA JoAnBE P 4% b )% B AT B A B M0 BT 5T, AT 8
BRSNS R RS BN T E BT ST T BA BARE ML
MR RS R, I RN IR NS MR R R 1B A B
Wi » BIAA IR H 45 R R BE R AOR A IR SI A TSz i
AR EREE B LR, T B A SR SR LU RE L G R SR W £
BRI LAY, REXit, R RN, &
AP SR R A BB A AR B0 » LR AT 3 S LT -5 IR A 1Y
el BURGHAT A T 52, IR R AN TG e s PR R R o
FEECT R A AREER AR B R B A B S A B S AR R
B E A B
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