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Abstract: A novel method of discovering relation information among entities buried in different nest structures of
XML documents is proposed. The method is able to identify relations among different types of entities given by
users, and extract relation instances and their occurrence patterns in XML documents. The solution is as follows:
identify and collect XML fragments that contain all types of entity given by users at first, then calculate similarity
between fragments based on semantics of their tags and their structures, and cluster fragments with a adaptively
selected similarity threshold so that the fragments containing the same relation are clustered together, finally extract
relation instances and patterns of their occurrences from each cluster. The experimental results show that the method
can identify and extract relation information among given types of entities correctly from all kinds of XML
documents with meaningful tags.
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ASCERVF M AT XML SCRS R bR 38 A0 45 7 1D i SO R AN XML SO P S IR il B 70 S 42K [ B 2% 1) 5K 2R A
SR A A A ERIF AR [ 0 A A SR R AN A ok B 4 5 AR 1 i 1 e i 56 AR iy e 41 90, g
H XML SO SR 240 78 1) 2 7 S5 1A 2 TRTIER R (1 45 0% 2% A 3 HH R AT W] BE AR BT ™ s AN B (119G 3R .1 TN o
RIRE DG R A5 B B IE——XML SCRY BL AR BARIUTE 52647 T XAk (F ik

R(ety,...,et)).n ANSEARR 7 [ R 0 —ANSEF o th—A n JCFEA(ety), ... 1 (et)F s, o, 1(et)(i=1,...,n) /& 524k
FA et 11— N4

TEX 2. > XML S0 d 0] LLR R — B bR c 5 S0 d=(NLE), F4 v N b 15 A8 A AN A0 I SR o 11
— AR EE P, TR A B M 4 AR IE E R4 (ab)eE K HAN Y b L a i Fon R e m b R — B
XML SCRS p (757 SR 2 BN R AN T8 3 x AR 0 7B (el x RT x BRI AT 7 P 1 0 e L3 4 B, UK p A XMIL
SRS d — A B

KBRS ARSZIAT B AR M T F 8 M DL S 0 32 R 2 45 0 b 2 44 ARSI A4 S 1L 424 0 5l A B 5K B
FE G FH PR o 8 R, T8 A T AT AR, 2 r8 3 vl bAoA 2 e BT T N Bk i 1

EX 3. % na o bR% ok s k2K R ) 4 Bk Ex(na)=(na,na’,na’,...,na") B A 44 Bk na (47 ) & L nal
(i=1,...,m)>4 na IR SCir] . A i 340 5 T X

EX A4 Bp h—B XML SR B T={t, ... .t p (bR % 4 RS M 4 41146 75 Ex(et) b SE R K 4 et
B R 1) &, AR 3G e T 615 65 Ex(et) 19370 2 AH VT RC, WIRR SCRY B p AL {5 SR ST et

EN 5. B P K XML TR d (774 (0% SEARSE T ety ... ety (0 SCRY P BEAL I B2 45 peP, il S vp eP,p' (155
SR ERANZ p (75 SRS 7B AR p o SRS d IREL S SR 2R AL ety .. ety (RIS SORY 1 B

W P ROGHR (I R ITEE M n AN SEAARTL N ety, ... ety R={Ry,..., R I SEARHK A ety,... et, 2 ] & Fh K &
&G H Ri={rjlri=(1(ety), ... 1(et))}(i=1,...,h),D 4 XML SCRGEES UM D oh R I SRR . RIR Sk
2 TR 2R 0 % Tl 0% 20 R S R R S AT 45 mT o A -

FHILH 26 28 Ry (92481 S AR RE XML SCRY F B 1) & R =X
1 A &

AN XML SCRS AT 6 b AR ] 32 7807 SORS B2 A 5 ] — P S AR TR) O R 1) XML SO B 2% LA A BA T
TG BRI SCRS &8 Ry DAt BT 5 B 5 A G 52 P R AR 1) SO F B 88 I 2 AL SR S0 1y B

Bk 1 BT BRI R BRIV TL FCRD.

HIANXML SCRY4E D d;

i I S AR 2 TR R I 45l O R S L B

(1) e P e LB B R T KN SEARR I 4 ety ... et

(2) FIH] WordNet F1 B i St 544285 4 ety ety HEATIE LY 78, /8 309 & [ & Ex(ety),...,Ex(ety);

(3) MICRYAE D i [ BRI AL 5 SR ety ety FIFTA N XML STRY P B 21 RS P;

(4) VT ATFC(P,d), 13 2SO BEfAE C; 182K PSR — NN B SEAA ety,... ety [ —FPSC R

(5) for C H%E—A A BLi% do

(6) {F1H SR | BT s s P e e — A K R 4

(7) A UG ZR A ASE AR, I 2 DR SO e B v e G 2R S0 B SR B 4 kg 3

T8 R 53k T LU XML SCRSEE H R Il HE 45 o R m S [) 51 2 TR BB R 1R K &R A

1.1 XML3C#E F R (8] B9 MR 1A
A AR AL 00 B P25 L8 S B E Sk % @ R b fRRABLRE AT 67 a A b A )96 43 (47 R BEAE R a A b 1Y
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125 S S o o LA SR A5 A SR BN A A RS a A b, DU 43 ) ANAEA 5 0 AR A ] — i iz )
TR XML SCRY F Bl 5 ELAT AL B8 T0UR 45 K. DRk, SCRS F BE AR ABLEE FT LA G 28 T8 SCRN SCRY &5 4 15 A
3 THI 90 8 SCR (5] 000 AR B T 5 5325, AR SR F 43 3l B0 SO B3 G 3% 1 SRR 85 R 8 R ARABL 8 i LA 5
TASCRI 1 77 ¥ S5 SCAS B o AHABAE

TEN 6. B ty,ty K XML SR s bmic, )ty A1t AROAHABLURE VT 43 2 Uk
6: ty A t, 5E A VL,
51t 5 Ex(t) R tp AMRRC R S S VCEL Kt 5 Ex(t) Tk ty MO e 5 Se 4 L,

4: EX(t) F1 EX(to) P BR t F t SR FE P JC 3 5E AT,

31ty At 4 L L

2: 4 5 Ex(t) T BR t AMOFETTE 3 ISALER tp 5 Ex(ty) P BR t A SE 0 3340 VT AL,
10 Ex(ty) 1 Ex(ty) 7 K ty A tp AM G JE B AN 0 K 3B 4 VG A

0: ANAFLEATAT ULAL.

SR AT SRR TR AR AL VT 43 KT O, IR 75 A 47 s AR AL,

TEXT. B p1,pa i XML SCRS B, py Ry HUARABLEEE A Sim(py,p2)=21SemSim(ps,pa)+A2StruSim(py,p2), 44 o,
A, Az 53 ) N U SCRHABLISE R G5 4 AR ALLEE AL, SemSim(py, p2) A T SCALLIEE o 5735 D o 1 B SCR 93 39 7R R
& py=((Ex(ty), scorey ),... (Ex(ty, ), scorey, )1 p,=((Ex(t’ ), score ),... (Ex(t; ), score; ), Ex(t) )/ 3CRS i (K2 j A
bR P R 1) 4 score] AEARAE t] (FATMBARE VR4 Xt 55 55— SORY Y BUBAR LR 38 (R VP 03 AR5 55

SemSim(p,, p,) = [Zm: score; + Zn:scoref]%s(m +n).
i-1 j=1
StruSim(py,p2) A &5 R AHABLRE 1557 1k Dhy 5 SCRSRRE T A ARABL I T A S AT )RR R I R 4

PRAT AT — A0 7 51 3R 7 30 I H A () B R AR Y B SORY b R A R AR A S AR S T
. 1 NCOg
StruSim(p,, p,) NHH; LR xV(RI)] + MR} ,

JEr N A AU 2 (R SCRS B ) — G B (R 500 R R 15 U4 22 (9 SORY BB € A — 01 B IR AR 4 250, L () 4 SR At 119
IFHCE
F(R). USRI 45
1 1 s o e
N(Ct)e;@\/(e)' LR Ay R A
F(R) :{1, WIRR AEAR L A5 _
0, &N
CoA RBIJLT T BUAEA N(CYALES ClEELL,
1 p Ip AR RAHAN
- {O, PP, IR T RUAAH AL
Bl 15 1 b @) A () i SCHEUEE 2 0.77, &5 K ARABLIE  0.61.HXA,=2,=0.5, 1% 1(a) A1 & 1(b)FRIAHALLE Jy 0.69.
FER L AR A 2 Sim(a,b) HAT NI PE T AR R I XML 3CE B a # b,
(1) A ALE A K :Sim(a,a)>S(a,b);
(2) XFFRIE:Sim(a,b)=Sim(b,a);
(3) HLIATE:Sim(a,b) Bl a AT b AH [ 3 1) 4 00175 384 KB a A1 b A [\ 43 R 9k A T A /)
ANHEE T, 28 2 Sim(a,b) B 3 13X 3 AN R AR JE R A AU L 44 1 3 ANSEA T R

YR R Ry +
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Document)

Fig.1 Two XML documents
Bl P4~ XML SO

12 XHERBRRE

AR Tl 3 N B AR (0 SRS P BOR R T AR S 2 R v AR A AL PR A A 10 1 3 B ) AR R
A A AR AN XML SR Fr BUAR Hh e 56— AN OGBSO Fr B p, vHET p 55 SR BUR Th T AT B (B4
P) A AHABLBE K ARABL P8 1 F 320 YR 7 B B — 4 AR 38 it 28 F B 2 e 22 5 SRoRHARLEE 28803 £, ERAH 208 B 5 4
72 3 K A7) R (T2 — B 3 g /0 ) I 7 AR AL JE R Ay 1 A1 . e SO AL 2 8 3 ol T 1) SR e B il — AN
. 4 AR S AR B — 2 S H B DBSCAN S r (% 16 IR J— AN STRS A BE AR AL BE 8/ T 3 41 ) SR
F B AT RE AL T A O R AT R TR A IR v SR A SR B

B/IE 2. AN AE SO BOE RS ATRC.

BN OR e BUE PUEE d;

OB B AR C

(1) while P2 do

(2) {M\ P Tk PE—A XML TR B po;

(3) for P R4 —A XML SCRS 1B pi do iH &L Sim(pipo);  /iT5E pi 55 po [RIAHBLEE

(4) B AHALEEAE Sim(pi, po) 1432 IR 1 306 5403 1) d5 IR R 9T 00 I (R AR AL B A AR O B fE

(5) % S={p'ISim(p’,po)>&}If [S|>d, then S #4 sle—A LR v BUEAEN C;

(6) P:=P-S;}
1.3 HHEURALGI R E IR

B XML SCRS v Befg a8 T H P BOGER I SE AR Ta) () FhIBE 3045 5 S0 v Borh OG22 45 Bt 2
TEHR 5 H P DG OC Z A 2 UT T IR 3 A7 748 0 2 1) 7 38 B ek il B o R — A 6 R S48, O ML UG A
R SRS Bt L 120 2R A JE T L IS 3 2 B A P P 425 4 0 SR PR BB R 5 25 U 5 XML SO 7 B )
R REAT LT ALC . B T SCRS R bR 25 44 T SCATAT IR 8 T RR 2544 A S TR TC IR AR /s XML S04 J BORR 9 2 )
AT R (U RAT B R B — [R5 .

FEX 7. B Tp=(V,E) 7 2R 1A UM, Ti= (WL, F) by SCRS By BT s i R AFAE — N I VW 2 451
@ u=vef(u)=f(v),u,veDomain(f);@ name(f(v))eEx(name(v));® u=parent(v)<f(u)=ancestor(f(v)), WFx T 7 4E—
AN Tp I AAVC

Horh AP OBR B ST @B SR SUASR IR 5 44 585 2B TR X 7 5544 7] 44 BUR) S Ex(name(v)) 4 79
FLV BRI A B RE ) B 2 A @ f AR FE T R BIAELSE R AR AR,

2 X Iy

FKE A SCHR ) FCRD J7 ¥ Il 477, BRATTE 3 & B2 7 “title” A “author” W5 5 2 M X R 96 R (5 B4
EbRFEAT S2 50, W R 0 A ) 96 2R 1 fig ) S 06 B4 4 D SR FH Wisconsin’s XML data bank!™ bib #1 club H & F
BTG S04 LA B lindoc,sigrecord H 3% 13843 S04, BB 1 Ry 10.
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MR 48 2 FAZ AT 55, RGN EHRAE D A HE I A B s AR S 1 “title” Fo“author (R AK /N SCARY v B 212 AN, 4
SO B AE PR PN, R G0 1 S A — A SCR B bib_0_0.xmI(£5 44 41 /& 2 FiroR), vH 5 bib_0_0.xml 5 P
BT SCRY B (BLES bib_0_0.xml)FAHALEE I 3 A2 B4 T A B bib_0_0.xml 535 H H 3% lindoc Al sigrecord
PR 43 SCAY F BE I A AL RE R, AR AL BE 40 Lb AR, 3K A2 R A e AT 8 1) 96 R A TR) A TR A 44 B T 2 1) B B
bib_0_0.xml 5 P Frfg SR Fr BEAAALEE B .bib_0_0.xml 5 bib H 3% F A B SCRY R &k (1 A BE AR 1 4 1.
R IX 2 1 BE Y bib_0_0.xml AMY P A ], 45 gt A 22 5%, 4 bib_0_0.xml A —AMEE R BRI BHEZ
MEFH HHTXEFBRWE AN TELHS bib 0 0xml WHEANTELME, I LG LB EHM
bib_0_0.xml m )35 4 AR AR AL, T A3 28 1.1 1 19 A 2k B8, SR O 1.

Fig.2 The tree of Bib_0_0.xml
2 Bib_0_0.xml Stk

0.6 1.0
0.5 0.8
> >
= 04 =
5 0.3 ‘:“0'6
E 02 E04
L %0.1 @ 0.2
0.0 0.0
Lindocl  Lindocl5  Sigrecordi5 212

Paragraphs Paragraphs

Fig.3 Similarities between Bib_0_0 and paragraphs of P
3 Bib_0_0 F1 P SCRY H B At ARl

F o O 2 RURARABLSE it 26473 £, B AH 48 B 3 20 s K A AU PR IR AR BLRE (L 0.6353 A Ay o {1 A
Pt XA A ABLRE B SR A3 — N 182 AN SR v B R AR IX AN SOR r BUI SR R T B 44 FAE & 1 ok &
Book(title,author), iX AN JE AL I SO v BE AR T bib H sk, RGEMTPHMEL T Jr A -1 4 FAE 4 1 28 R el JL 342
AL 1 HIH T HoA R 4 4 XA SR I B W ] 2 PR 6k P A 1 AN SRR DA A SR Fr By B
IR RN P PR BT S8 2 AN REAS R OG AR I SCR P B, X 2 AN SCR P BUBE 3 0 L linux SR 5 HAE R
¢ & Linuxdoc(title,author) Al ACM i 5 HAEH 1 5¢ & article(title,author).

Table 1  Some results of experiment 1
F 1 OE LR AR

Title Author
Unix network programming Richard Stevens
Crafting a compiler with C Charles Fischer

Crafting a compiler with C Richard LeBlanc

Ty T HE K e A SR 7 3, TR ATIE A Amazon(http://www.amazon.com) 1 Barnes&Noble
(http://www.barnesand noble.com) ™ x5 H1 ZEHL 20 /N AN [R] 1 D59 3 48 B 199 0 £ 0 1 B SOFH 45 4, e 46 AN [l A =X )
XML SCEG N T SE50 SCRY 48 D HEAT T 5050 e g0 45 R B 0 Thr 282 4 title A1 author [ 33, 45l 5
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Wisconsin’s XML data bank Z& 5 A KK XML STRY, A7 v fig A\ Aol 2R S A2 title AT author 2 [A] G R
I B ER H R, 1E A 3R 2 I A A5 4 HE Ok

3 B £

ARSCHE T — Bk IR 2R A XML SRS ik 2 &5 0 Hh SR IR D6 & A5 EL 19 7 % FCRD(fragment-
clustering-based relation discovery). AR #5 F 7' ¥ 24 88, B 26 B2 I HS A0 8 AH DG SR AR 1 ST B B, 25 Bk ST 45T
SN 53 3R I 6T T TS B 1) SO e B 4% V8 SURN 25 A AR DL HEAT SR 28 A 1360 5 R — 0 R A5 B IR SOR 1 B R A7
[ — 28 35 i, AN ) 1R SO B SR R A [ R 20 AR BN SR &5 SRR WL 0 TR A = AR 28 1 XML SRy,
SUBESARRANY J n) s E FA08, A 7 ik RE G 45 8 SO AR T T & I O R AE B A H Sk B TR 2R T
A B FH O SE AR AR /N SCRS 1 B4R B HEAT 10, 0 R T 18 38 B R 8 73 AN SO R FH I B R re i it .
ZRCHI R L AN TR) 56 2R 9 SORY BE DX a0 I, AT A b A I A SRS B 2R A o A EC S P e e 0 SR VIR R I K R
S F AR

FCRD 5 A5 FH a7 01, FH P 25 4t AR S5 (4 S A SR 80 44 B8 SR 7 10 17 P — A B 0, G D 97 i 1)
AT AN RS A Bl N T AT R BN SR 25 AT DR 4 SR NAR D I A ] D
R A6 1) 5t SR B 2 T ) AR A 55 1) R
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