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Research of Approximate Keyword Query on Fuzzy XMIL. Documents

LI Ting CHENG Hai-tao

(School of Computer Science and Engineering, Northeastern University, Shenyang 110819, China)
Abstract The study of keyword queries on crisp XML documents is carried out mainly based on the [LCA semantics or
its variant semantics (SLCA,ELLCA) ,and the most compact XML subtrees containing all keywords are returned as the
query results. However, the generated results based on the LCA semantics always contain a lot of redundant informa-
tion,and there are a lot of uncertainty and fuzzy information exist in the real world. How to search the high quality re-
sults of keyword queries on fuzzy XML documents is an issue need to be studied. Aiming at investigating the method of
approximate keyword query on fuzzy XMI. documents, firstly the concept of minimum connecting tree was introduced,
All GDMCTs problem of keyword queries on fuzzy XMIL. documents was proposed, and a stack based algorithm All
fuzzy GDMCTs was given to solve the problem. The algorithm can get all the GDMCT's results satisfying the given sub-
tree size threshold and possibility threshold. Experimental results show that the algorithm can get the high quality re-

sults of keyword queries on fuzzy XML documents,
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(LCAYIE X B HASFpiE S (SLCAMY ,ELCART, VI.CAR) . #ff
FEMNRE THKMEE T LCAE#H SLCA,ELCA %)
T, R LL LCA %5 & (8l SLCALELCA %5) R ¥ il
THE NS RIRE, RF LCAE X RHBMIE LW E NG
RTR G BRWUETERS T EH KBTI A ER
F IV RENTIRFER . BBEAS RO EHM MK, &3t
TR, — B IS LCA 5 (3% SLCA F 4D Bl
BT SR AT T 5T, I LCA 1 & (8l
SLCA W RO B & XM F W s BB BT A
SRR ES, BT, — a5 A R xHER XML % E i
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KAZEWER. Wt FEM XML 088 25 A8 s FF o R
REREPIEN HEHMA R RO X — e,

AR ICXH R XML B8R b i 2 58 73 B85 ) 07 ki 47 BF
FL BT R BT EE . B X EFEANSSE LET
BB/ % T4 (minimum connecting tree) £5 8, X S &/
TR R HAEA KT P 45 8 19 F K /MR (B (subtree
size threshold) , 3% H I W] 88416 A/ F 44 & B9 1 B 4 (R (.
(possibility threshold),

2 1R XML HiEEE

N T 7 XML R AN B8 R R0 52 0 VT R 43 A
BRTIA XML BUEERGDY, @ tR A SRBEM
SERFRITCR MBI R/ AT B 5 TR B
EAES G RFRZ N RIEER TR R BN Z M v et
S ik, 7E XML BB R A 5| A —AMEDRI G540 ik Val”
A—FTREPER Y “poss” R F/RTERM] XML SCRY 45 & 7T
FIYATBERE R/, o, poss 7E (0, 1] ZAIBUE. A& 1 iR
R—MER XML SRR,

1. (Organization OName= “University”)

2. {Val Poss=%“0, 85”)

3 (College CName=“Software College”)

4 (Employee EID=%87001")

5 (Dist type=“disjunctive”?

6. (Val Poss="0. 8”>

7 (ename) Alisa York(/ename)

8 (position) Lecturer(/position}

9 (telephone)8687001(/telephone)

10. (office) C1027(/office>

11. {/Val

12, (Val Poss=“0. 9”)

13. (ename) Alisa York{/ename)

14, { position) Professor(/position)

15. (telephone)8687001¢/telephone)

16. (office) B1027(/office)

17. (/Vab

18. (/Dist)

19. {/Employee)

20. (Student SID=%201637001">

21, {sname)John Smith{/sname)

22, (sex)Male(/sex)

23, (email)

24. (Dist type="“conjunctive”)

25. {Val Poss=*“0. 8”)]Smith@gmail. com{/Val)
26. (Val Poss=“0. 9”)John_Smith@163. com(/Val)
27. (Val Poss=“0. 7”)JSmith@ hotmail, com(/Val>
28. (Val Poss=*“0. 6”)John_Smith@ yahoo. com{/Val)
29. (/Dist)

30. (/email)

31. (/Student)

32. (/College »

33. (/Vab

34, (/Organization )

B 1 AR XML SRR

B 19,5 247(Val Poss=%0. 85”) B R%RMNEFE
“EREBE AT REYE R 0. 85, A T RRTTE B E 00 W 68
Mg, 78 XML BB o 5 | ABOBISEHI i “Dist” e 7R 76
REMENTT R AR, X FHEB XML 818, % KR
FABERATRE A 43 45 , EUAT BUAY 46 (disjunctive) M EF A B
(conjunctive) , FANE 1 F5 5—18 T2~ “Dist” ZH %k,
ERRFER Alisa York R RIRE(5 8. D iR, 7T 81
R 0.8 )1 REEE, ATREMER 0. 9. XTI BE(S B =2 [H] i
BRI BB A3 A AR R AT LA A6 (disjunctive) . 58 24—29 47
FHR—A~“Dist” £ &, B R R ¥4 John Smith A9l 4 Hb
& FHT BB AR 8., X LR R] B BB A ok B 4E 17 A4 BT BE 1
{8, 3 BEATT 2 18] 7 2 B9 T B 43 A 25 B0 2 4 B4 A (con-
junctive) , :

— M KEHE XML SO B R — N E R &, X
F— MW XML 308 d, ERBE A LRAR D —AF R IE LS
W T=V,E),Hp,VER T PN RMNES ERW T hift
HES THE € VXV, VHEMNTRESHR,. 5500
— R EAEE Ve BN H&EE Ve(Dist, Vab, # T HF
BT B R &t . V(THSV(T), E(T)HYSE(D

3 RMERKREABETHEMENITE

3.1 B/hEdER

SCERCA 3R — A8 /D% 34 (minimum connecting tree)
RIS, TE—A XML ®IBEEH T L, R v v, v, R
THEF L BATE vsws - sun WRADAEBFER T $
EEvws v WBAATR Tu, FER/DFH Ty MR
Hr(T)RTE vsws v BBRIEAHHEELCA T A,
SETFER T ER— A REFEW ki ke ok | R F Ry
kyyoor sk BI—ANR/NEEERH(MCT) B8 & X S X 8T
F g gn RB/NEER. ABREBALERPEE
ISR T 4% 1] B8, SCHk [4] 82 ) Distance MCT (DMCT)
Group DMCT(GDMCT) X B3, &R v vy s un HY
MCT Tw # DMCT Tp 2R UT 3 MK 4HERE W RGE
MARERR/MTFH: DD B8N A vrwn, w2 To @
EAEEWA A (o)W LCAF Rl suiz 5o} 3P oy
GE{v vy ta) st F DM FHARRMNE non' €
{01y s Unsthr sy 24 } S HISRTE Ty PAFT S ' Bl n A—KEK
BEH L AR IR ATEX B2 LR T 45 8 n Ml ' RIFFEAE
AR AE (wsw o

%t F—4 DMCT D #l—4 GDMCT G, {5 D #1G 2
It 8% £ 2 D W S B G b s ay g, B ReE g —
A D BRI G B B AH N B B, R f. 84 DG
WRUTHA%HE:

(DINE np D FH—PMT e BG PH—TTR,
HE f (p)=nc, B4 nc FIAREFREE np Hid.

(DME ep & D FH—illsec G PH—AL,FHE
Flep)=ec A4 ep HIA LM ec Wi BB HENEFE, Fi
WTFEE—1 GDMCT 453 .

2 2
u |:a1 ' a2 :l"—uo [Cl ]—>u2 [(ls ,a7:| (1)
2 2

2 2
B LIE T & DMCTs %#ﬁﬁﬁi:al 01 T*as,41 € >
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a7 sQ2 € C) —>As A2 <C1 A7, ~/I\ GDMCT E’JZEWIJFILJ%
—A XML ¥ W T 898/ %R MCT, da] LUR—A4
MCT #j DMCT.

T TR XML SCAY b i) S48 7 3 0 A 3 7 SR AT B
57, SRIRAE LA E AT REE R U AP/ NBIE K &FT X
BF AW TR GDMCTs 8558, 8%, X FREFEM {4,
ko sk )y 45 B XML 3C#Y BB ET A GDMCTs [0] 2 #Y
IR,

A8 1(E GDMCTs RIED  4AE—4 XML #EEH
T RBETF kysko st sk s — D TR K/NBHME K F1—A 0T fEME
BE U, R =872 A 1 GDMCTs i 2 F B/ IT
Hn.GOHEE, EP GE—IMRY E47% 4[] GDMCT,
TR (0, G i LATF 4tk

(Dn BEBF L ks ok F—D LCAT &, I HE—
A

(BMRFEAN nFAKR/NERN K % DMCT /20
BF It (n, G i—4 GDMCT, 3 HiZt 4 /Y GDM-
CT B & B84 DMCT (& MCT S B 7T GE P R /)
T4 T ek BI{E U,

Y UIRAEA id Ky n; 19T AN GGE (0, GO L
n REELA 1€ [ oo oy DIPBBRLIBAELSH - T
WA/ LR A K # DMCT D' A& TR T4, B D iR
TRENKETF L ks ke B9—A LCA F5 5 n,

DOFE A EE] € [nyeerones o sn DREDHH
n AER A EBEFES bk b, BT TE S,

GIGAKRTHEK.

S F—A GDMCT (&% DMCT), B #/E % F GDMCT
(8 DMCD i BB Zf . #lin EiR GDMCT 4551
i) GDMCT IR/ K 4.

3.2 B/MNEEMHTEEEETE

R, i — R &M ok F R — AR R
XML A%, G0 2 i, K B A B &R —BH
XML ¥ &, K F T 8 s 0075 2 OB A AR 2 R Y
Dist-Val R A— MM 5D . SHR i ST 42, 3
B ASFRRMEMMT R AT S 0 BRI EERT
Ay BT A, AT R 1,2,3 R — M L 14 6,13,17
RAEMT R STRMB SR A FR e R A
HELQWSAWH E, KAREREND LOREEERIAN
L, RN KPR M S P BT S AR AR B
HH1.

Es D Dy

E, D, £,
7 8 14 15 18 19

B2 Gk XML SR A5H

ST 2 Hfy XML T 453 O B (2, Dy by Al
HAETE S AR LB FHFA T AN BMA LT A
LCACE, D) R A 1,4 6,78 11 MW 17, 7EEH
XML SRS e, AU T A5 PR SR B 119 R o] e 2 A I
HERE AR T EQ TN RS ERSRSA
TO&1E B, TR S AR BE U B/ NEHE T AV AL 5
Hi, LCACE, , D) R MR FI & 1, WAt 5, WA 11 A s
16, MCT(E; , D)5 R E 3 fis.,

F
Cs Ay 1
(0.9} 0.7) (0.9) (0.8) Cy Cs
0.8) 0.9)
E;
D, 2 E; D, E, D
() (b (o)
R R R
B, Fs B F; B, F;
Ay Cs A, Cy A Cs
0.9 0.9) (0.8) 0.8) (0.8) ©.7)
£ Dy D, E; D, E;

(d (e) D
K3 XEFAEMMN MCT 45

B AT T AR R B/ N3 4 A P AT SR 11 Rk
BT S THLENR B ERRIC S AR (B EH
SOV EAMEETF (EEEMROWEMH ECGNRE 3 iR, —
A~ MCT 25 R T REME P A B#4: DMCT AL AT
BEPE , RN Piwr « MIEM MCT BYR Y 85 n 3] MCT w5
RBFUTH o BRI RBEEEN 000 4
Pua=p X 2 X =+ X g, 2)MCT WFFET BEME, R N
P o TR ABR] XML SCRYBIMR AT & r 8] MCT BRI & n
MEAELHFBEMERN DX s Xy BRA Poiw =X X
Xo X eee X Yo —A MCT 45 RGBEARTT BB P @ 30(2)
i—l_‘ﬁ:

P=Piu X P (2>

BN 3(a) 8y MCT 558w, AW AT REHEE A Puw =
0.9X0.7=0. 63, MR REMAE Powe =1, FILE W AT RE
B 0. 63, DMCT A% Pk m] g {8 R B AT 3E 2R (2) 5k
ff. MTREFERMIE D}, Y K=5,U=0.7 i, &5

DMCTs(GDMCTs) 25 5 K Ha] GEMEAE R « {nr (0. 9>¢n5 *1’778

(0. 8),0. 72}, {n15€0. 8)«2—nu~2+nm(o. 9),0.72}, XFHE -4
DMCT 4558989 n; (0. 9oy FBART A 7, HIFES B KE
0. 92 DMCT &R WM R ns Bl m ELHIRIEEME,
0. 72/& DMCT &5 B (R T e .

4 RH# XML X$EFIEUER

4.1 HEAHRX

DX [ G A — 1~ BE A S K 7 XML #6845 4 h B A5
RS ERE RN — R = BT AR T — A XA
G start,end ], % —HR XML B, 95 6w I 8 v 24
F-IERER Y HAUYHE R start (w)<start () A end (0) <<
end (), BIHAETT 5w B9 X [ SR AL 5 5 AU & o B IX (] 4



%9

F O, E B XML CRFIE IR ERR 219

B, B TR XML #EE5H h A B0 &, B8
HIX ] g A RE X R R BRI T R A — T . AT X4
RS s R — M R L BT S R E SRS A R B AR AR
B8 NHE X E R HITY R, i — M mn X, *t
F— B XML B T, X o 19 435 0k F — A 7x ol
(id, start, end, level, fuzzy identifier , membership degrees)
Fon, K id BRI ARG, B4 S M —RRIR
BHER. W THEE W ST TR, BN SERA
B 43 B VTR B IRH =L AT 5 . — SR 1T R
BB RRW R ZAREY SR NTFS, 18R stars; 75—
A BAER P 52 TR B R SR — RV R s
HHIFS IEH end, level KT RTERIE G M BT ER R K
E, KA SO MR ST ERNBIREN 1, fuzzy identi fier
HARFR—AFTAREREN TR, ENERE - I/KE,
YRR R, fuzzy identifier WER 1; 4702
— R W, fuzzy identi fier BY{EN O, membership degrees
AT T A XML SCRSHR 7 4 B30 A B 2 b A 45
ATHRBEME, AMRTEBZT AN L RAEY
5, ) membership degrees F{EN 1. H(n;,25,15,6,0,
0. OFRREREGIE 6 B L—BH R n . ERRXEHG R
(25,15) , AR 7 R BZ 1 S B2 BRI S TRORBE N
0.8,
4.2 &3
A% T SOREHR H AOBET XML SCRY_E B SE T E )
Bk MEFAEIHERSIFIE IEDF I (k). YRAFRHX
BFEW by koo ok | BT FE—RBF & RIIFIK T
(ki) *13%@@9’5%? b (1<5im) E@qﬁ)\]—i—( 9%’5’[5’]% Iy (ki)
ORFE PSRBT L W SARELETA. B4
BRI TOAE g D 7 AT RIS N XML RIE 254 Ch
TiEMTH R, (VA I MR, SR ER 4
XML #f R @7 &8 {E, D, Bt 4T X 648 F E; QI8
RERIIINT
I(E;)=[(mo,14,15,6,0,0. 93, (127 ,48,49,6,0,0. 8),
(ny7,68,69,6,0,0.7)]
L(E)N=[(m,1,74,1,0,1)(n,2,27,2,0,1),(n5,7,
26,3,0,1),(ns,8,25,4,1,1),(nr,9,16,5,1,
D,(m7,32,73,2,0,1), (ms» 33,52,3,0, 1),
(719 ,34,51,4,1,1), (124 543,50,5,1,1), (nz8»
53,72,3,0,1), (7129 ,54,71,4,1,1), (734,63,
70,5,1,1)]

(7,,1,74,1,0,) R

By (m2,27,2.0,1) As F3(m1,32,73,2,0,1)

Cs (mg, 33,52,3.0,1)  Cs (s, 53,72,3,0,1)

i
(n5,|7,26,3,0,1) Ds

Dt (e 34s1aLD L (s, S4TIALY)
i3] isi s
(disjunctive) (s, 8,25,4,1,1) L ot Dist

. 1724.5,1.1) Jmeagosil)
val(n;, 9,16,5,1,1) val Sl b

val al va
(20, 3.AZALL) (s 0‘5,1,1)}'&5552-5"’

poss Poss 2 s D, Pposs 'y
POF:,D 14 1?36009?]’?514, 22,2%,0,0.8) (n;Jr 40,41,6,0,0.‘1 (nan, 48,45{%,0.8 . 65"6”9?8’69'6’0'0'7)
o . 1133, 00,01, .
X 0.8 0}7 08 [ 67

E 4 BAHmE5H XML SR

4.3 x@EFiAUEaER
APEES HXEFELUEME R (ALL fuzzy GDM-

CT) B SMEESR (B D, ZEEH#R T BB A3

RN LA LSR8 7 AT R, 5 s T B AR DL R

WRERTIMERL ., BERMIIRIM I PRERER

/N start (R R EEARR ST, HIEH S E AR ST &, ZE4%

MR RH B LD RRT £ K GDMCT(3# DMCD %

F. Y top(ST). end<ln. start(n $5¥ W EARR ST B35 &,

B RENRTEAR/ start (B , FEEAT B n Z 8], 8P

AR n RS SBT R o B, RN R o BER

IDROH R RERFHES 2T REBTFY GDMCTs 8524

i, MABFTE o EROE L XBFH GDM-

CTs BRI EBHBHLIT RFENKE L RBEENTA

FEARR ST Fhgksisk i GDMCTs 455, All fuzzy GDMCTs

BEPR ST RWRAKBIESBMAE B 2 Irid, 8B EARK

BB R BRIE, BE M REFEM, All fuzzy GDM-

CTs B ik REAS A S E R B st 50 11 196 2 L P 48 8 B A K/

8 K FA] RetEIRME U &4 T #) GDMCTs 458 .

Bk 1 All fuzzy GDMCTs B iE ) SR RELR

All fuzzy GDMCTs (ky,es, kpy , Ko UD {

ST.#%,ST A4 H s Hi (s. nodelD,s. GDMCTs) 4/, H+ s. GDM-

CTs £ GDMCTs B3 %

1 B AREF koo ky BFLBBPFAVIRPIR TH 1L

2. %4 ST de2sfk OR AFIFE 11 1, FEEELHMT KB do ¢

3. WFIR TH1 I, PRBPIEF R/ start HYT A n;

4, % ST JeZs % AND top(ST). end <C n. start do

5. POP(ST);//#PARY & n MY SH S Bt

6. 24 top(ST). fuzzy identifier=1 K} do

7. POP(ST);//fi TARTREBINI T sUG g

8. PUSH(n,ST); }}

#Hix 2 All fuzzy GDMCTs

B — B XML S d, BT kske ook

i R A E TROR/NRE K AT REYEBIE U &4 T # GDMCTs

L BRIESIFIR IO ) (k) (1< i< m), |

2. For i=1,---,m do

3. PEFI R Tk FI 15 (k)

4. Return (NZ1aCk)) U (UK D)5/ NPLa (k) I8 EE— KRB
fL BTN 1) FIRPHABTAE)

POP (ST) {

5. h<—pop(ST) and h. fuzzy identifier=0;

6. A h, GDMCTs i Hi F RS b 6 B 44 52 4 /N B K 0] Bl 4
Bl U & M1a & g X 8FH GDMCTs; // LCATREZh#
GDMCTs £ #

7. h'<—top(ST) and h'. fuzzy identifier=0;

8. For each GDMCT G in h. GDMCTs do{//# h ®i&x# GDMCTs %
g b’

9,  d=nh. depth—h’. depth;

10. r<-root(G);// r. node ID=h. node ID

11. If degree(r)=1 AND e £ G A5 r #1534

then { // h 3B, h'{U# h BRTHTHR T K
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12. label(e) < label(e)+d;// GDMCT #5075
13. label(r) < h'. node ID; } // GDMCT #°71 A48
14. else {// h REFHE IR FEE GDMCT #,
15, H GAIE—HHIARH K ¢, label(r') <h'. node ID;
16, MY BT E 38N e label(e)) <d; )
17. U size (G)>K then drop G;// B8 &4
18.  1f threshold (D) <C U then drop D in G;// kB G FIKTHE
AIREVERI{E U B9 DMCT 252 )
19. h'. GDMCTs < h'. GDMCTs U CreateNewGDMCTs (h. GDM-
CTs,h'. GDMCTs);
20.  h'. GDMCTs <= Merge (h, GDMCTs,h'. GDMCTs);
21. When top(ST). fuzzy identifier=1, pop top(ST) }PUSH(n,ST){
22. Push s (n,®) onto ST;//#FH K E s
23.Fori=1,-+,mdo
24. 1f n contains k; then s, GDMCTs < s, GDMCTs U {n'(z,)} //
4% | FRAEES GDMCTs FRFr A s S P & R,
T TR G R EBH Y ARE LWEIREEE
CreateNewGDMCTs (h. GDMCTs, h'. GDMCT){ //f|& 4 &
EA FEFRIF K GDMCTs
25. NewGDMCTs<- ©;
26. For each GE h. GDMCTs do
27.  For each G'€h’, GDMCTs do
28. If keywords(G) () keywords(G') =@, size(G) +size(G") <
K and the possibility of D (D")in G (G') is no less than U,
then{ //$EAHHZEHFREER T EMSER MR L
29.  NewGDMCTs < NewGDMCTs U mergeGDMCTs (G,G') ;5 }
30. Return NewGDMCTs; }
31. Merge (h. GDMCTs,h'. GDMCTs){ //&3E Rk
32, NewGDMCTs < h. GDMCTsUh'. GDMCTs;
33. For each GE h. GDMCTs do
34. For each G'€h’. GDMCTs do
35, 1f keywords(G) = keywords(G') and possibility of D (I)') in
G (G") is no less than U, @it A G B GBSt 1. G.G' R IR
)
36. And for every node u'(1,) € G,u" (z, ) €G', (i (g, ) =11
(z.) then //& JF A IR SRR F IR AL A 15 419 3K
37. Replace G, G’ in NewGDMCTs by merge GDMCTs (G, G/,
Wit
38. Return New GDMCTs; }
THANBEDL 2 MEEN TSR, ST ST, BEER
% H i (s. nodelD, s. GDMCTs) 4 .. s. GDMCTs 2 GDM-
CTs #1512, KL 5. nodelD ATFRIEHI T SVE AR A, X
86 GDMCTs 7l BB 40 & # 4y X85, G0 % & 4 o 5 108
XML ORI KB FEITIE D, |, R AT S i p &=
MBS GDMCTS 858 ny—=ms' (0.8), % R & #1%
BEW—NTEELIJFARTERMOTSEEHCHTEMM
BRI S TN SRR LSRR EEERE. W
R K f D, f1—4 LCA 7 J (43 GDMCTs #I4R
T 0. O EFR Il BRTH i BEHE 1P REHF
B B0F 0. 8 B/ARNY & ni IV A nyy R LR BE R

0.8, I FHIMIH S ALE R GDMCTs b 4R s BRI
A B R g B9 R R IEIE N 2, BEE AT
Ik Ly k), FUFE T A0 L BT SR AR HIER ST
HEASEREREE 1 B8 28 BN EE & ST T
KEBEEH S BRI AN ILE ST P AEFHRXK start
B, BB 4 A SR T35 8 o e A, 7B
A n BIEABIRR ST 2 A, # F B BT R 8 n R
ST AR A AR GEE B 1 45175
W), BN TREGS BRI A h W fuzzy identifier=1,
BN ThU3% 4% B AP & 407 R AT 8, IR A0 A1 A Kk o
i, DA S AR GDMCTs A1 s, 2 —A
% H R B ST S, R h B—MW &L A EfIEA
h. GDMCT s 2 B8 £ i) S48 19 GDMCTs #ihi i (1% 2
8 6 4T) . FIAHIE S GDMCTs B4 & M4r KB FEH, X
BFEE— Rl REE B A AR A R R ST REE S
Sy GDMCTs & fER 4y K. M A/ h— M35 S8t h
B84 GDMCTs BHE BIACE T B AT (— BT 2D 4 (3
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