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An XML fuzzy query answering approach
based on domain knowledge

MENG Xiangfu', ZHANG Xiaoyan', MA Zongmin®, PENG Yanfei'
(1. College of Electronic and Information Engineering, Liaoning Technical University, Huludao 125105, China; 2. College of Information
Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract; To deal with the problem of XML fuzzy query for common users, this paper proposes a domain knowledge-
based XML data fuzzy query approach. Based on fuzzy sets theory, this paper firstly introduces the form of XML fuzzy
query. And then, an approach which leverages the domain knowledge and membership function of fuzzy set to realize the
fuzzy query translation of XML data, is presented. The importance of querying predicates and user preferences are taken
into consideration when the fuzzy query is translated. Finally, for the fuzzy query resulis, the elements of them are
ranked according to their satisfaction degree to the original fuzzy query. This approach can realize the fuzzy query without
modifying XML query language and the XDBMS, and thus it can help users to improve their interaction with the system.
Results of experiments demonstrate that the fuzzy query approach proposed in this paper has high recall ratio and preci-
sion.
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R X HENERNERNRE, B EESAE
WA S ¢ R BDNIE S 2 1) XML %48,

KRBT, S = E B XML 3¢
#4(HouseDB. xml) 1 , [RIXFFA P EER MK EL
$300 000, 8 S At Ja] HL 42 3T, T ARAE 130 ~200 m””
BT, ATRES AU T XPath ZEf]1E4]

Q': - /HouseDB/House[ Price at most 300 000 ]

[ Buildyear =’ Recent’] [ SqFt between 130 and
200].
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AFEn- RAR, ZERNEST 3 A RIEHE, 25
2 “Price at most 300 000" | “Buildyear = 'Recent’” I
“SqFt between 130 and 200” , H 9 i 2 N2 )15 17)
g3 S TR SC R “ at most” FIASR 1] “ Recent” .
X RS ORI 56 R SUBOR IR 1Y 2 1) TR R PR O
Wi HiEE. R —4 Ll XPath JER FRRH XML #&
WhEE T - R MENER T, MR N
XML R AL A SRT , B #TH XML 348 2 i AL 2
RAAHFFEHRE R IC AL, A BB B B AL X
W& Bk, REH eF R ENE AR BTN
WA AN, AR RS XML HEREH RS H
17, BET RO AR A ZR 45 R

FEX R B B SR, Tahani™ 5 5 2 F Zadeh
BRI ED A X R RS SE A
AR BRI E N ; Bose SEXTARME SQL #E4T T
By B BT SOUES , KBS W RN U
SUHHE AR 1 9785 (40 Tahani™ | Bosc!®’ | Naka-
jima ) oA AN D BE A9 22 B Chen'® A1 Ma™’ 42 1
TEME R KGN, A HE R A G
& BRI C R BBOWIR). SCER[10-11 1§21 TR T
Wi BRI R B B U B IRk , R E T
YHETE XML S48 9 =i 2 30 TAE"Y. Scik[ 12-
13 1 FI A Ab 78 XML SCRS Y SRt 1), 2 1A
HENRFEBOELE RS R, AWESSRRET
FIRE RS 58 AMR AR RS Sk
[14 421 T XML iZ {2l & if) 454 VS BD TreeSketch &
¥, 38 33 78 K5 B0 B9 TreeSkech | ) M 22 5 Ab 3
XML /BB R AR T] , 3 T bR E R 18] 45 14 3 b I i
EWLER. CBRL 15 17— XML AL, H5k
TE R PRI E) XML Z 5 5 H A X S5t
R, A EAEENAAEN BREY B3 EE YA
W, AR S H A XML X2, Ak
P ELEAICARSF R SCR[16] 211 T AQAX 724k
XML EH RS, ZRGHET XML R ZE LR
PR RHUBER R R, AQAX [ T XE A R &5
%8 1 J21E XML 32K (XCluster) HE SR 4= BB
S50 58 2 B XML KR BMES KR, A
FRAEE TR R E. SCR[ 17 ] EREAE R
YE¥ Rl P 9085 XML ZE RS E RS R AR,
7oA EARIE BEAE R RE RN S ARN S
AR, TS BE L& ). AT 7% Z 48 i
=2, WA K XML 818 /35 A T s A& R
FAE R AT HAL I, TR BUM R B SR,
EXEITEA LR P EER AN ERER, I
BN REX M A BOR BT R AL 3. BRI, AR 3

RS RM b R T —MEESGHAIE
B ZORIE WAL 35 , 1277 35 B A0 B
5% ARV LA B A B L X R AT B e
I HA WA RS BT H WA %07 R
A feSE XML ZIA1TE 5 1 XML 0 55 | 9 i
RT LI ER, AT RB AT 5 REZHEIR
HREA.

1 XML 4 4 2 74 78 37 i 1 R D X

&G K XPath ZE1TE X H F842 (path) MIZEETF K
BB )151R ( value-based predicate)2 #4304 5. 2
THENERRRER Y A0Y, K A i3k XML %
TR R, 0 RERBREBSE PPN KR (F)
M=, >, <.=.=.%%. (not) between) , Y fUF#z
e (R P AR ESR 48 € RO B A (R . 72 55hw
DL, BT P 42 A RO 2 A B RO AR B
HETHANERIBEFEP, SR AL R ERE M
FAIBEEHIR A& (A0 close to” ) B A ( 40 “ young” ).
B, A3 3 Z AP XML B2 18w M BE X
R KA IR 1 Bk 0 . BRI RTE A =
H RN 56 R SRR I 45 A BAEHI R (40 (not ) at
most, (not)at least, (not)close to/around ) S5¥EH{H
BIZE B TR , X R B AR IR 1R 544 W] e B A
R BB ER TR
1.1 #ERPRENRIER

BOWTRIE A B E R S M S RV N B AR AT AL

HELRI 2R R, TE R 40 ¥, Hdh A i3k XML ¢

R A, 0 RBMMER, ¥ RENH. H

PO A A AR R S B TR AR SR A,

BT AT A R

1.2 BHRRIEHNRIEN
FEBELAE N BRAE RSB SC R AR R AP A

HERI 2RISR, TE o A 07, Hirb A {3k XML ¥

PR R0 BB LR, Y REMmE, Y 2
— . ZERT TS M EEBWE T
3R 3 RPN OC R SRR A B B 2 SR B R 3K
FIFEE T v
1.3 BERXEESRER

BE X VR R BRE S S RN 6 RAVE A BRAERTH
BB &G, B A0y, Hh A 3R XML $iE
R 2, 0 RFBHMSE R “between” , Y RFHUE
XHE,H[Y, Y,] &R A0Y B “A between
Y, and V,”. X, ¥R IR SRR BRI P 44 B9 BREL
ST X R TR .
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T, &8 BAEHIHR M B 3 FiE 5T B
B TR IR ) R TR R R A

2 4R E

GURFNIRPE i T XML SO B, A4l ST
WIE R, X5 B AR X BRI TR R BT e e, X
Su {5 BEFENE R IS E Y R B &, DR
S BIE SO A R R BET T R B A AR
B . SUSENTR B SURE R YEHER B = T RN,
2.1 3#4#y DTD

ARG FRAEN A RE AR RFZENT 4
A~ XML 3C4%.

Y4 NodeRelax. xml #24t XML %32 #6935
FAE B Nimit A climit 23 51 AR 20909817 BT g X
M7 BT YR B BE X ] A% BR A AR FR
nimp A AYIE SCRVR Z M S 7E XML U P E
BERE, X UEERAM MM ERITRNEE
BE.

2.1.1 NodeRelax. xml & DTD
<! DOCTYPE NodeRelax[

<! ELEMENT NodeRelax (nrelax * ) >

<! ELEMENT nrelax (leaf_node, llimit, rlimit,
nimp) >

<1 ELEMENT leaf_node (#PCDATA) >

<! ELEMENT Ilimit (#PCDATA) >

<! ELEMENT rlimit (#PCDATA) >

<! ELEMENT nimp (#PCDATA) >] >

3C# NodeImportance. xml FEEFRIAM T M ERRA
FERTE SCIA] (AN high, medium ., low %) , mdegree 1{3
nimp HUR[ERE SCRFTSRIIR B
2.1.2 Nodelmprotance. xml & DTD

<! DOCTYPE Nodelmportance[
<1 ELEMENT Nodelmportance (nimportance * ) >
<! ELEMENT nimportance (nimp, leaf_node, mde-
gree) >
<! ELEMENT nimp (#PCDATA) >
<1 ELEMENT leaf_node (#PCDATA) >
<! ELEMENT mdegree (#PCDATA) > ] >

30 Relaxation. xml $8B8H T 25 )18 1R 7R A R M- 57
HERY RIGE YRR EANY S R EX R
R B 75 2. Directionrel [ARA WY RILHE, Hlin&
151 “ Price around ( A £4)100 000", 4 5R Directionrel
FRMEL R “lefi right” , U] “ Price™ 4™ JR&: 3 B[R] e E2.45 /)
FAIRT 100 000 HYfEL 1degrel Fl rdegrel M HIFRAH
HAZEAY TRARE. lsatisfy Al matisfy 53 HIRRY R

TEEP I s B E S R IR R R u R O =K. fln,
Isatisfy BU{E & “non desc” i, F M & “Price” b/
F 100 000 FYEXIETATERINE R ESET 1; 2 lsati-
sfy BYE N desc” i}, Fe7n M9 &2 “ Price” _F/VF 100 000
HUE X ZERR RIS 2R /T L
2.1.3 Relaxation. xml & DTD
<! DOCTYPE Relaxation[
<! ELEMENT Relaxation (relax * ) >
<1 ELEMENT relax (leaf_node, operator, directionr-
el, ldegrel, rdegrel, lsatisfy, rsatisfy) >
<! ELEMENT leaf_node (#PCDATA) >
<1 ELEMENT operator (#PCDATA) >
<! ELEMENT directionrel (#PCDATA) >
<! ELEMENT ldegrel (#PCDATA) >
<! ELEMENT rdegrel (#PCDATA) >
<! ELEMENT lsatisfy (#PCDATA) >
<! ELEMENT msatisfy (#PCDATA) > ] >
3C# FuzzyTerm. xl 7 iR M- s BUETE B B9
BEMR], B MEOMRTER A R — 1N TRSE 8 SRS A
BIERR3RE BESH LR JUR paral \para2 ,para3 |
parad H{H.
2.1.4 FuzzyTerm. xml 4 DID
<! DOCTYPE FuzzyTerm[
<! ELEMENT FuzzyTerm (fterm * ) >
<! ELEMENT fterm (fuzzy_term, leaf_node, paral,
para2, para3, parad) >
<! ELEMENT fuzzy_term (#PCDATA) >
<! ELEMENT leaf_node (#PCDATA) >
<! ELEMENT paral (#PCDATA) >
<! ELEMENT para2 (#PCDATA) >
<! ELEMENT para3 (#PCDATA) >
<! ELEMENT parad4 (#PCDATA) >] >
2.2 4
2.2.1 NodeRelax. xml 4% 5 48]
< NodeRelax >
<nrelax >
< leaf_node > Price </leaf_node >
< llimit >150 000 </Ilimit >
< rlimit >1 000 000 < /1limit >
< nimp > high </nimp >
</mnrelax >
<nrelax >
< leaf_node > SqFt </leaf_node >
<llimit > - </1limit >
< rlimit >800 </rlimit >
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< nimp >medium </nimp >
</nrelax >
<nrelax >
<leaf_node > Buildyear </leaf_node >
< Ilimit >1981 </1Ilimit >
<tlimit > - </rlimit >
< nimp >medium </nimp >
</nrelax >

</NodeRelax >
2.2.2  Nodelmportance. xml sL#% 5545
< Nodelmportance >
< nimportance >
<nimp >high </nimp >
<leaf_node >Price </ leaf node >
<mdegree >0.8 </mdegree >
</nimportance >
< nimportance >
< nimp >medium </nimp >
<leaf_node >SqFt </ leaf_node >
<mdegree >0.5 </mdegree >
</nimportance >
< nimportance >
< nimp >medium </nimp >
<leaf_node > Buildyear </ leaf_node >
<mdegree >0.5 </mdegree >
</nimportance >

< /Nodelmportance >
2.2.3 Relaxation. xml S %54
< Relaxation >
<relax >
<leaf_node > Price </leaf_node >
< operator > at most </operator >
< directionrel > right < /directionrel >
<Ildegrel > — </ ldegrel >
<rdegrel >0.2 </rdegrell >
< Isatisfy >nondecr </lsatisfy >
< rsatisfy > decr </rsatisfy >
</relax >
<relax >
<leaf_node > SqFt </leaf_node >
< operator > between </ operator >
< directionrel > left, right </ directionrel >
<ldegrel > — </1degrel >

<rdegrel > — </rdegrell >
< Isatisfy > decr </lsatisfy >
< rsatisfy > nondecr < /rsatisfy >
</relax >
<relax >
< leaf_node > Buildyear < /leaf_node >
< operator > = </operator >
< directionrel > left, right </directionrel >
<ldegrel > - </ ldegrel >
<rdegrel > — </rdegrell >
< Isatisfy > decr </lsatisfy >
< rsatisfy > decr </satisfy >
</relax >

< /Relaxation >
2.2.4 FuzzyTerm. xml A% 545
< FuzzyTerm >

<fterm >
< fuzzy_term >recent </ fuzzy_term >
< leaf_node > Buildyear </ leaf_node >
< paral >0 </paral >
< para2 >0 </para2 >
< para3 >5 </para3 >
< para4 >10 </para4 >

</fierm >

<fterm >
< fuzzy_term >moderate </ fuzzy_term >
<leaf_node > SqFt </ leaf_node >
< paral >80 </paral >
< para2 >130 < /para2 >
< para3 >200 < /para3 >
< para4 >250 < /parad >

</fierm >

</FuzzyTerm >

3 XML W &0 %7 %

ARICHR Y XML R 2 i R e S BT B S
Hr B 2 A% 1 P B9 B SO 2 V8 R R AR R A AR
IR ARG 5 B GUR H0TR B A B SUBU IR M
R B, R RIE R Z RIS AN ERRE (7
R HE IR, P TR MRS € A&
WIRTA R E BRI ) , A AR KT K BT MR
ALER , B SRR BEA o-BURIE B L B U B

MR ARG E T
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Q': —/HouseDB/House[ Price at most 300 000 ]
[ Buildyear = 'Recent’ ] [ SqF't between 130 and 200],
L OIFR R SUR AR , R A RS 0L T B
WA R R LB .
3.1 ZEMXARNEMERFRER

o TR 2R 4% 14 v B R 22 195 3R] “ Price at
most 300 000" , {5 BRI P R B AW IF .
T HEERIE PSR R, B e N SUSATREESC
4 Relaxation. xml HP3% H X} W A0 56 2 “at most” 1
M5 55 “Price” 4G Y & 75 1] ( Relaxation. xml H )
directionrel JGE ) , M5 (B X ORI 21 1H) 78 18] 59 76 2
752 Relaxation. xml H1 ) lsatisfy A1 rsatisfy JGZ. iX
B WM & “ Price” AL 3¢ 2R “at most” Y&
J5°T] directionrel JGERBUE N “right” , I~7 s XM
IR R 773K Lsatisfy F1 ratisfy JEERBUE 7
K“nondecr” ., “decr”. R )G, BB BB £ “ close to
Y H)RIB R ORI P RSB RECE SN

0,

p=d;
P(p) ={1, p <300000; (1)
_d-p 30000 <p <d
d - 300 000

YT d BiTE, % EF3) Relaxation. xml H
BALRY BT rdegrel JTLE BI{H. 7F Relxation. xml
FR 35 & Price b XA 6 & “at most” B [H] A
JEFRE rdegrel =0.2, %Y JBAE B SEM A RTERIK
HEEE Minponance (high) =0.8 R, TRA
rdegrel = (d —300 000) /300 000 = 0.2 =

d =360 000,

B, R R g (1) WY RS -

0, p = 360 000;
P(p) =41 p < 300 000;
360 000 - p

30000 < p < 360000.
60 000

BB (ARG BER BE 0. 8, MR
EPHO.SBEBELRNA:
T
HRAE SCHR 8-9 ] 52 1 B BOMI 2T T % e MU , AR
23] 151A] “ Price at most 300 000” B] 53 B G i 2]
B 1A “Price 312 000”.
3.2 SEMRNEMERISRNESR
o TR 25 1) 2% 14 v A B8 22 140 98 18] “ Build-
year = more or less recent ( EHNTR] LEE) ", [
BWIE B Rz B A WE . B S AR BRSO
FuzzyTerm. xml ¥ $£ 24 i M 45 & “ Buildyear” f) %

= 0.8=p = 312 000.

i1 Recent” RIS EE (EE, TTES B
B R EEE S AR . R, B R
“Recent” FJ 3R & K%Y, BP

1

0-p 'S
Mpecent (B) = {T_’ 5<b<10;

0, b =10,

BBk R A B iR “ Recent” B3R B | 2K,
NS A 4E B IR RECh

1’10 b 0S%
B(b) = [(T')?, 5<b<10; (2)

b = 10,

0,
AT ERBRBERAE B EIRRIEY A
WIERRNEZRE (B P18 € 2 & iE R
P E N “medium” ). S T B B (2)
PR 2 1) 7 R A B BRI, AR SR T ek
[19-20] 2 i WA E RECT B B (2) #HfT %
e, Bp
g(w, B(b)) =1-w(l-B(b)). (3)
A :w RFEHERIEFENEEZRE. SR8 MIRE
A% Nodelmportance. xml, H] 55, (3) HH) w =
importance ( Medium) =0.5. T2 , G P F# /5 KRB K

By
1’

1,10 -b b<3;
-b.1
B(b) = 7+( 5 )*, 5 <b<10; (4)
o5, b = 10.

UE R ThRE R R IE F P 98 € BRI AT
AR ER R ERHY REE. X
FR— M AR, BRIy RE
BE BN AR R BE T B2 T FE AR DL 8], X
7R E RN SR ERIER S AENE
VT ARG -5 R 4 2K

RAERBE R (4) , BEAF (HRE) BEW
BI{EN 0.8, ML B 9 0.8 BERBRERA

B(b) = % + (105' by = 0.8b = 8.2.

X AR, BRI 2175 17 “ Buildyear = more or less
recent” W] ¥ i K A 20 1) 15 17) “ Buildyear<8.2” . 7%
BRI — A ERENBRE o KT (1 -w) , ] o
IR RHE A A2 5 1) B i LR B 4
X 4R
3.3 SRERXREHEMTEFERNESR

2 8 5O 25 1A 95 18 “ SqFt between 130 and
2007, FAERIE S A RENERITE. AT H
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ERBIE S W B B, T B AR AR B SR Fuzzy-
Term. xml Hr 3R — MR , ZAE R R 0T 2
AR 1) RFBZER R BRI E SR E 3
HIF R RO R F 5 2) KR AR R R SR HY
B SR A V8 R B ds € B9 $E X 8] B M TRl ¥E
. B AR, RIFR R iR 5 1 SqFt” i
138 “ moderate” 1 & | iR &4 ( P H 37 “ moder-
ate” KRB RECABIL SRR B4, O BHEZ 130,
200]) , HMLERIZE S HRJB RO i E AR A
“moderate” R B BTN, BP

0, s <80 ors = 250;
80 130
’ <s < H
S(s) = 50 (5)
1, 130 < s < 200;
250 -s 200 < s < 250.
50 °

IR FuzzyTerm. xml HAFLER B L 4%
PEEELRR, T BRI T s R, 1, ]
VBRI TR T R R RUE X A, AR A &
IR AR R RBBUE 75

Y,
(15 ¥, B, B+ )

K :A(rel0, 1]) ZEIME, A EHB/D, NiZEHE
IR RN £ X 5B R B BN,

B P A 18 BB & 1115 131 “ SqFt between
130 and 200” F9 2R BB, MCET T U5 (0] S 0 R R
(Y NodeRelax. xml 3R KB IZAR R 2 1) 18 18] 3 R -
5 S BALE (7E NodeRelax. xml SCAY H 3 7 Ft 45 45
SqF't B E 4 “nimp = medium” ) , F| AL E K 4K ¢
(0.5,8(s)) =1-0.5(1 - S(s) ) XI5 /8 RE(5) #
T, B RERHRE B h

0.5, s <80 ors = 250;
=300 e 130
’ <s < H
S(S) = 100 $
1, 130 < s < 200;
300 -s 200 < s < 250.
100 °

BREAP (RARL) BREMBIEN 0.8, MK
£SH0.8 BEBHEERN
s =30

{S(s) =00 - 0.8=s = 110;
300 -5 _
S(s) = 2005 = 0,825 = 220,

R IR “ SqFt between 130 and 2007 B
B RS IR SqFt between 110 and 220”.

ZE, 5l %EPE‘H%I%%@“G — /HouseDB/

House[ Price at most 300 000 ] [ Buildyear =’'Recent’]
[ SqFt between 130 and 200 ] ” W] ¥ # UG 7 214
“Q: —/HouseDB/House [ Price <312 000 ] [ Build-
year<s8.2] [ SqFt between 110 and 220]”.
3.4 XML EHZEHIFREREX

AR Bid STk, T 4 B AR XML AR
BEWIE R REE.

k1 XML EB AT R REL

BN ER O FENENEEES
{Clla 62’1 T Ck’% a%ﬂiﬁ}ﬁ KB,@{E/\

W FERERERENFERRS(C, G, -,
C.t.

1) 0—3;

2) for 5— MUV ) < §'do

3) MFS MembershipFunctionShape ( relaxation
direction, satisfaction type) ;

w38 E (HARLRIN) BB & E
i

CMEERE;

5)if (¥ BB (relaxation degree) null) then

6) C; ComputeMembershipFunctionl ( relaxde-
gree, w;,a) ;

7) else

8) if ( dFuzzyTerm T=a'j i R 1R])  (shape
(T) =MFS) then

9) C,«—ComputeMembershipFunction2(T,w, ,e) ;

10) else

11) if ( IFuzzyTerm T) A (core(T) =C; HEEX
[&]) A (shape(T) =MFS) then

12) C;«—ComputeMembershipFunction2(T,w; &)

13) else

14) C,«—ComputeMembershipFunction3 (f_interval ,
w;,a);

15) return {C,, C,,---, C,}.
Bkl HERGIHBER O RS

EEE C, IR HE C, 3R ML R A +5 A7
SRR R AP B YR T 1o B T s BB BB 22 1)
TR R 7 2, B E TR 2 AT R B SRR R %

BR(E2) ~3) 3805, R4E C AE PR
RAEFURIR Y AR B LA AR RS HUER A
SRR RYGRIEA P SRR R BE, W RE R

BOIAT o- BRI, TN C, 35 B U 1 22 118 A
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G (55 4) ~14)8) s B)5 BB aRBINEH &R
iﬁiﬁj{cu Gy, Ck%%#ﬁ@(% 15 ﬂi‘) FIHH%
)5 RS TH 2 TR TR B BB w9 XPath 25381 7P AR
BRI TR, BRI BREH4 B9 XPath 2174

4 HWICE G EREFT

4.1 BHEERFGZE

XJF Xpath 25 ) Ut B 07 8, A SCH A T S0
[21 R K BT TwigStack B2 4514 DL AL .

¥ : TwigStack (Q, T, T,,--,T,).

WA DER QM ERGERWT,, Tb,, T,
(Ho n {FREN Q WERLS REE).

iR A BIRA PR/ Q BT ACSS
H.

1) while (not end (Q)) //MNREW Q KA
W, PATIEF ;

2) qact—getNext( Q) ; //BUF —~" XPath Zrifj]
A

3) if (isRoot (qact) or ( not empty ( Sparent
(Qut)))) /73R qact RARB//qact SFEANE;

4) cleanStack (S, nextBegin (T,,)); //¥
qact 77 VT AL 45 S0 begin {8 & /I B9 WA/
Sqact;

5) moveSwreamToStack ( Ty, S
top (Sparent(qact) ) ) ;

6) if (! isRoot (qact)) //24 qact fEHRAT;

7 ) cleanStack ( Sparent ( qact ), nextBegin
(Tow) ) 3 7/ F—NMEEWEL BALR;

8) if (isLeaf (qact)) // 4 qact M7 it

9) showSolutions (qact, 1) ;

10) pop (Sqa) 3

11) else advance (T,,,) ;

12) mergeAllPathSolutions ().

F-R%Y : cleanStack (S, actBegin)

1) while (not empty (S) and topEnd (S) <
actBegin)

2) pop (S).

T R%: getNext (Q)

1) if (isLeaf (Q)) return Q;

2) for (every q; in children (Q))

3) n; =getNext (g;) 3

pointer to

qact

4) if(n;! =gq;) return n,;

5) nmin = minarg,; { nextBegin (T,)!;

6) nmax = maxarg; { nextBegin (T,) };

7) while (nextEnd (T,) <nextBegin (T,,,))

8) advance (T,);

9) if (nextBegin (T,) <nextBegin(T,,,)) re-
turn Q;

10) else return nmin.

T BB %X : showSolutions (SN,SP).

/ * BRBEREW ¢ PARBIHE n NEREG
RIREES A1, 2, n, RIELEDE index[ 1,
2, n] FFAEIETEA B L LS R AR P Y AL
B, index[ i ] RN IEFEA B ILACEE R n JTAH P
B NBIBS SRS MRPRAE. X E, 1SR
RIRALE ,SN, SP 73R Yl EAE AL BRI 45 5
DL R MR IEFEAC B ER 45 LR, */

1) index[ SN] = SP;

2) if (SN = = 1) // HFIIEFEALFARER;

3) output (index[n],:-, index[1]); //%itH
R EHIREER B 2 B ILACEE R n T

4) else //37

5) for (i =1 to index[ SN]. pointer) index[ SN].
pointer // 37 index[ SN ] fir#g [a] 45 S 7E XURAR AP Y
g

6) showSolutions(SN -1, i).

4.2 HRHFAE

B ERS R EABERRGERTEN

BOMIEL R B R B BT T, S RTTR ¢ SHEM

2 O B R E SR
Satisfaction(¢,0) = Zl w; X g (v;).  (6)

Rk 2 P ETHBEBERERNG pe, (v)
RFTCE ¢ PRI S v, XM E IR C 1

FIREE w, RFEMEWIER C AR
HEZRE. FHK(6) TR R ERE SR, &
NG RICR B HEF S E K, B b 0 B
RRSERL

5 EBRMRAEERHHN

5.1 SR IMREFNR B

i AR R BL B N Pentium (R) Dual-Core
CPU E6500 @2.93GHz,2GB Ny 7, 160GB,7200rpm
FE LA Microsoft Windows XP #2E R G F 3647, S
SAX2 f@#H XML 3C#% , F Java A eclipse & B3R 35 I
R RS MAASCRS Hy IBM XML data generator' ™’
Feue B i 2 4~ XML (4 4, Car DB F House DB
HISCRE S AnEE 1 ) -
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B OB R

% ¥ #M

BT1%

Make Price Color Milcage Engine Ycar

Modecl Interior Exterior

CarDB

UscdCar

Fcaturcs

a

Trans Brakcs Wheels

(a) CarDB
HouseDB

House

City Rooms  Pricc Nelghborhoad g jidycar SgFt Property Details

N

N TN

Bedrooms  BathroomsNeighborhood Schooldistrict Build Features Utilitics

Deck Patio Floor Covering

(b) HouseDB

E1 CarDB F1 HouseDB RIS & E
Fig.1 The schema of CarDB and House DB

1) CarDB. xml ¥{#&%E : M\ http://autos. yahoo. com/
RIsEREDLIER T 200 000 sk —FF 15 8, fil/H IBM
XML data generator 4 i, CarDB. xml %(#&£E , iZ 85
£ 445 200 000 4™ UsedCar JGE.

2) HouseDB #{#% £ : M hitp://homes. yahoo.
com/ P FEHLIHEL T 250 000 Z& 55 7=15 Bic %, Fl
Fi IBM XML data generator 4= i, HouseDB. xml %%
£ ZEHEEEFE 250 000 4 House JTLE.

5.2 WEMEARE

BB L P A2 Ak XML SO 2 i) 5
B YA 2 2R (recall ) FIHERH Z2 (precision ) . HEFRE
T8 AL R P R AHSCTT RS SO A TR B
B R RIS B WS R PR TRE L
HHGERPETREWE L. BF T 10 20K
&, B NRERE A KT RARE L, % CarDB
1 HouseDB 4} | $2 Hi & 1 ARBHI 2 1 BEATRUR T
. AP R BT E R R 1 .

%1 HouseDB 1 CarDB _ iy Tk 25t
Table 1 Fuzzy test queries over HouseDB and CarDB

ID

Fuzzy XML queries over HouseDB

Fuzzy XML queries over CarDB

01

Q®

Q3

Q5

Q7

Q8

Q10

//House[ Price at most 300 000]
[ SqFt between 80 and 130] [ City = 'Bellevue’]

//House[ Price between 700 000 and 800 000 ]
[ View = 'Waterview’ ] [ SqFt at least 300]

//House[ City = 'Redmond’] [ Price = 'medium’ ]
[ SqFt between 150 and 200]

//House[ Price = 'moderate’ ] [ SqFt = 'more or less large’]
[ BuildYear =

‘more or less recent’ ]

//House[ City =
700 000]

'Seattle’ ] [ SqFt = 'large’] [ Price at most

//House[ City = 'Seattle’ ] [ Price = "more or less low’ ]
Rooms/ [ Bedrooms =3 ]

//House[ SqFt = moderate ] [ Bedrooms > =5]
Neighborhood&Schoo! info/ [ Neighborhood = ’shoreline’ ]

//House[ Price = 'moderate’ ] [ SqFt between 200 and 250 ]
Neighborhood&School info/[ Schooldistrict =’ Central Seat-
tle’ ]

//House[ City = 'Bellevue’ ] [ Bedrooms between 4 and 6 ]

[ SqFt = 'moderate’ ] [ Buildyear = 'Recent’ ]

//House|[ City = Seattle ] [ Price between 300 000 and 500
000][ SqFt = "more or less large’]

//UsedCar[ Price between 10 000 and 20 000]
Make/ [ Model = 'Camry’ ] [ Mileage at most 50 000 ]

//UsedCar[ Make = 'Ford’] [ Price at most 10 000 ]
[ Year =

"‘more or less recent’ ]

//UsedCar[ Price = 'moderate’ ] [ Year = 'Recent’ ]
[ Mileage at most 30 000]

//UsedCar[ Make = 'BMW' ] [ Price close to 30 000]

Color/ [ Exterior = 'white']

//UsedCar|[ Make =’ Nissian’] [ Price between 5 000 and
10 000] [ Mileage = "more or less little’ ]

//UsedCar[ Make = 'Dodge’ ] [ Price at most 15 000 ]

[ Year = 'moderate’ ]

//UsedCar[ Make = "Honda’ ] [ Price = 'very low’ ]

//UsedCar[ Make = 'Ferrari’ ] [ Price between 25 000 and 30

000] [ Year = 'more or less Recent’]

//UsedCar [ Make =' Ford’] [ Price =
[ Mileage = 'little’ ] [ Year = 'Recent’ ]

" moderate’ ]

//UsedCar[ Make = "Tucson’ ]
[ Price = 'more or less low’] [ Engine =3.2]
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%}F CarDB F1 HouseDB _E f &4~ MEXZA#] Q;,
MIEIR SRS POV A R— A/ NESERE H, H, F
HET 60 NS ZRERMEXMAAHERKERETTE.
RGBT TR A A A0 A D SR S IR A TR
H X seiE M H, pinth 5% Q, MR A
TR B RGR PR 5 PR 45 R0 T
o} BRI AL ik B2 e R RV AR 2R,

ASCHMER TR R 0 ~ 100% 2 JB] ¥EH 10 4>
ARBA R ZRKF, RGBT BB R (B
VR BE, TLURB AR E2E) . Wi, X
FHASTEERMEMEASER, P& M aE
SERTERBNAPREMMEXITTE. REMHRK
TR, WX 2 TR R 2 100% , FENH 0, &
KRB A MER R R T 45 SR G R N N R
FERIME. B 2 45 T A0 ~ 100% Z A 5 BLAY 10
MARFEALZKF T RGBT DL 2. B B8
HI P 2 70 BI#E CarDB F HouseDB |y 10 -~
AT R R 0 I E.

~a—-HouseDB
~e-CarDB

T : —
0.1 02 03 04 05 06 07 08 09 L0

E2 HouseDB F1 CarDB EHIE S EFAERHZE

Fig.2 Precision and recall over HouseDB and CarDB

ME 2 FH AN, RERENREEUAES
ZREPHEA R, RZIMA. B SEI 2 B
B, UARALHTENESZE N 100% i}, HouseDB FlI
CarDB WX R R T1% M1 69% ; HHE L
24 90% i, HouseDB 1 CarDB |- 1 34 v 2B 3
K 73% ; YAk 80% i}, HouseDB F1 CarDB |
I MR 2R 43 B K 78% 1 76% . B T A 7E #8238
HRRT LAREN AT I ERBREEEER
JE , B MG TR 2 ) 4 Rt i B BB I 3 R P % SRR
3. QR R U, AR SCHR H OB 2598 7 vk AR R it
AARRNESTMERE.

5.3 WAERHFRE

BE R RIS R P T M HEF R &

ST WA FIR AR T HEF Tk e R &, 1k

B WA BT RS B A 26 0 2 v et B A SR R BT 10
TR R)G, 77 HI7E CarDB F1 HouseDB L3117 HE
B bk AR A R [ R 10 SR, A3CRA
K(7) iR R RN R &

R=2 Jon (7
A r, REHF BPERFEM TR RFE i o
BB S (CEZGEERIE B XM, W r, BUE
1, BN BUE R 0). L, 7ZE R EEFET, W
FRASCHER 7 vk38 B A R TR TE S R P b i iz
BWER, W EX R EKE R T8N
AW, B 10 MURERER (7) 1HER BT
HEF BN ZERSROHF R E B3 4
i T#E CarDB F1 HouseDB | % i F 4™ 3K 2 1]
BT ZE RAR T i 2. TR SRR, AR SUIR I
HEFP e 2 MR L F 3 HE R v 25 BliA
2 0.77 1 0. 80.

O.S‘W
04

0.2 ——HouseDB
——CarDB

7 8 9 10

2 3 4 5 6
Wi A

B3 HouseDB 1 CarDB FEjHFEM%E
Fig.3 Ranking quality over HouseDB and CarDB

5.4 Wz e i A

AT ER AT B A A A
SiIRHF AT 2 BB 5 1 B BesE R R
B B AR R R, R R ARy
O(mk) ,Forp m AARBM W AR R &8
TN B AR 2 1R A B B AR 3
HHEFHARIR AR FIE 5 2 BrBtass
SRIURNHFMET BAHF L 2 N30, &
RICRHHF METT R RIEZRE N 0(n) ,n 3R
GRIURANBHFLE R ERNEN
O(nlog n) ,n URERITLRANE HIL, 56 2 HrEesy
B EEZE N O(nlog n) . B4 S T A5
£ 2 MIRE EAF S R TTR BT B0 LI [A].
MR LA H, A8 SCH) W B (R BB & ) 45 2R T
R EEEILTF LMK EE.
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8 [9]MA Z M, YAN Li. Generalization of strategies for fuzzy query
g translation in classical relational databases []J]. Information
6 and Software Technology, 2007, 49(2) ; 172-180.
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]

-e~CarDB
—&—-HouseDB )
0 ) ) ) ) X107
5 Jo 45 20 235
TIMEHRTE N

B4 FRERLSRTENEY THINGER B
Fig.4 Response time of different number of elements
in query results

6 HXiE

ARSI SR B0 O B A, 3R i T — AR
J& REL SUB AR AR R B - BRBH S A E
B XML B R MG RIFHTE. ZTEARE
%A fe4E XDBMS B9 45H) 1 XML 2 1i% 5 B %
LB XML $die M A i e e A4S R AP A2, A
MZERRRE LIRE TS5 REZ BRI RS
SRR, A 3075 RS RN A R R R A
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