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Abstract Some of the current main research areas involving techniques related to XML consist
of storing XML documents, optimizing the query, and indexing. As such we may focus on the set of
documents that are composed of various structures, but that are not shared with common structure
such as the samne DTD or XML Schema. In the case, it is essential to analyze structural similarities
and differences among many documents. For example, when the documents from the Web or EDMS
(Electronic Document Management System) are required to be merged or classified, it is very
important to find the common structure for the process of handling documents. In this paper, we
transformed sequential pattern mining algorithms[1] to extract maximal similar paths between two
XML documents. Experiments with XML documents show that our transformed sequential pattern
mining algorithms can exactly find common structures and maximal similar paths between them. For
analyzing experimental results, similarity metrics based on maximal similar paths can exactly classify
the types of XML documents.

Key words : XML, mining, structure discovery, similarity, sequential patterns
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Procedure SortStructure (B:base document, Q,_,: query document)
returns - PEjp: set of path expressions of B, // path expressions are sorted by tree levels
PEq.a : set of path expressions of each Q n;
begin
convert B to NFA-XML of B;
transform NFA-XML of B to DFA-XML of B;
minimize DFA-XML of B;
PEg = path expressions from the minimized DFA-XML of B;
for (k=1; k <=n; k++) do
begin
convert Q, to NFA-XML of Q;
transform NFA-XML of Q, to DFA-XML of Qy;
minimize DFA-XML of Q;
PEqi = path expressions from the minimized DFA-XML of Qy;
end
end

238 1 A2 FF 4a8E ¢ SortStructure
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Eﬁd% Hol &0 WA ks 7IE EA42 JPEsa l-path)E RSt
OE sk HlE 42 2ok via 49 32 B2Y oj¢f e FAL Ve LuIUFL UF
2 71F #A49 A2 BEA wd 33_4 L4 7 1 R SRy
gL BAE 9T =22 AYES v|P. <d 2 : fAF AEHE AE g Eg>
4.2 FAL H2|HE AH 3l MY % 39 PEs¢t PEa® 22 Ed¥I 3279 A
¥ 3 4= ¥

71%E 49 242 348 (PEs)

vld 49 F= (PEq)

book.title, L
book.bookinfo.page. L
book.bookinfo.paperback. L
book.bookinfo.edition. L
book.bookinfo.date. L
book.bookinfo.publisher. L
book.bookinfo.ISBN. L
book.bookinfo.size. L
book.buyinginfo.price list. L
book.buyinginfo.price.our. L
book.buyinginfo.price.save. L
book.contents.section.chap. L
book.reviews.customer.rating. L
book.writer.name. L

bookinfo.title. L

bookinfo.price.list. L

bookinfo.price.our. L
bookinfo.author.name. L
bookinfo.tableofcontents.section.chap. L
bookinfo.reviews.reviews_no. L
bookinfo.reviews.avg_rating. L

begin
initialize MappingTable;

begin

then

end

for (k=1; k <=n ; k++) do

end
end

end

procedure Identification& Transformation ( PEg: path expressions of a base document,

PEq;., : path expressions of query documents,
SM : similarity matrix between elements)

returns L, ™", // all large 1-paths between PEy and PEy, ,

// build a mapping table

for (k=1; PEg # nil or PEq, , # nil; k++) do

E = read (one element from PEg or PEq, ,);
if (E ¢ MappingTable)
if (similar element of E in SM ¢ MappingTable)
then insert MappingTable(k , E);
else append MappingTable(similar element of E, E)

// with the same index of similar element of E

// elements in path expressions are replaced by integers

map elements of PEg and PEq, . to integers in MappingTable;

generate new path expressions in which elements are represented in integers;
// find all large 1-paths L; 29"

foreach element E in PE do
if (E € PEg) // minimum support 100% between PEy and PE
then insert E into L,

BeQk ,
s

a9 2 A4 denE 4y g

o}

|y ¢aEs

Identification& Transformation
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No Element No Element No Element
1 book 9 isbn 17 section
2 title 10 size 18 chap
3 bookinfo 11 buyinginfo 19 reviews
4 page 12 price 20 customer
5 paperback 13 list 21 rating, avg_rating
6 edition 14 our 22 writer, author
7 date 15 save 23 name
8 publisher 16 contents, tableofcontents
¥ 5 H¥E A2 29
4 2ol A2 29 H7d Az 33
bookd.title. L <{1} {2)>

book.bookinfo.page. L

<{1} {3} {4)>

book.bookinfo.paperback. L

<{1} {3} {5}>

book.bookinfo.edition. L

<{1} {3} {6}>

book.bookinfo.date. L

<{1} {3} {7)>

book.bookinfo.publisher. L

<{1} {3} {8}>

book.bookinfo.ISBN, L

<{1} {3} {9}>

PEs book.bookinfo.size. L

<{1} {3} {10}>

book.buyinginfo.price.list. L

<{1} {11} (12} {13}>

book.buyinginfo.price.our. L

<{1} {11} {12} {14}>

book.buyinginfo.price.save. L

<{1} {11} {12} {15}>

book.contents.section.chap. 1

<{1} {16} {17} {18}>

book.reviews.customer.rating. L

<{1} {19} {20} {21}>

book.writer.name. L

<{1} {22} {23) >

bookinfo.title. L

<{3} {2}>

bookinfo.price.list. L

<{3} {12} {13}>

bookinfo,price.our. L
H@ #A)

<{3} {12} {14)>

PEq; bookinfo.author.name. 1

<{3} {22} {23}>

bookinfo.tableofcontents.section.chap. L

<{3} {16} {17) {18}>

bookinfo.reviews.reviews_no. L1

<{3} {19} {24}>

bookinfo.reviews.avg_rating. L

<{3} {19} {21}>
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YHE A7} 541 ERAAY WA A7t dERE AT Aof 19 Wid AZ(ol3 LE AU e

o] gulo] Ho] REZRE ©W =Td T AE B - A (candidate-generation) Lig]Z&(1]8 o]&3}lo

22 Hydr o] 29 TR HZ(CE Tk u Yoprt olgAE
A7lelA HBE A2E TEG FAll 2ol 19 W1 HAEME ZHo] 2004 no olB= Lo, - Ly B

W A=Z(large 1-path)ZA] <2>, <3>, <12>, 13>, AZE wAsy] Y4ste B ¢ ¢ vlold <y

<14>, <16>, <17>, <18>, <19>, <21>, <22>, 9 ‘AprioriAll’ ¢TI E[1]E o]&3} g o}t 3

<23>& 4& F Uth ol: W HolEoA {ABITE B AZ7F AR god dwmdEs TAI(L T

Adse] 79 A4 B delHESt 7 Ly, - L8 W A2 F SEHE Z2F AASIY
4.3 37 4= WA U o RA A= F£& HAY fAL BEE FE2E 5 Uk o 2" 38 g1
ol GAl= Yol FHE ujy elojE ARERE & #& Sequnence&Maximal2 RojFT}
F e Zo] 19 W A& L1y F FAY &2 W <o 3: 3K A= 4 € Al §A AR FE>
dqd A2 ZEE Yo Ivh F AT FH A= o ¥ 62 Hoj 19 WY H2E EUE do|g &
UAE 9% ¢ndEe b g2 #4990 A 2 IS WA I Z2E ik BAS B 3 Qioh

procedure Sequence&Maximal (L, B°@-": all large 1-path expressions between a base document B
and each query document,
PEg: path expressions of a base document,
PEq; .. : path expressions of query documents)
returns ML 2% // all maximal large similar paths between PEgand PEy, ,
begin

for (i=1; i <=n; i++) do
begin

for (k=2; L., >  &; k++) do

begin // same as apriori-generate function of sequential patterns [10]

C, = New candidate-paths generated from L,.,?*¥
foreach path expressions in PEg and PEq; do  // pruning
if (Cc € PEgand C € PEqy ) // exists on the both
then L2 =C, ;
end
length = k; // longest length of large paths L™
end
for (j = length; j >=1; j--) do // maximal phase
foreach j-large paths, L;>*% do
delete all sub-paths of L>*¥ ;
end
MLP*¥ = { remained large paths in L?*¥ }
end
end

O3 3 FH AR 41 2 A /A AR F5 g121E(Sequence&Maximal)

E6HE HE L 37

Zo] 19 vk AR (L) o] 298] FE AR (Cy) 2ol 29 QI AL (Ly)

<o 23>, <212>, <213>, <2,14>, <2,16>, <2,17>,

pgy <218>, <2,19>, <221>, <2,22>, <2,23>,

e <312>, <3,13>, <3,14>, <3,16>, <3,17>,

g <3,18>, <3,19>, <321>, <322>, <323> <12, 13>

Lo <12,13>, <12,14>, <12,16>, <12,17>, <12,18>, <12, 14>

<l <12,19>, <1221>, <12,22>, <12,23>, <13,14>, <18, 17>

P <13,16>, <13,17>, <13,18>, <13,19>, <1321>, <16, 18>

<lgo <1322>, <13.23>, <14,16>, <14,17>, <14,18>, <17, 18>

<100 <14,19>, <1421>, <1422>, <1423>, <16,17>, <19, 21>

oo <16,18>, <16,19>, <1621>, <16,22>, <1623>, <22, 23>

o, <17,18>, <17,19>, <1721>, <17,22>, <17,23>,

g <1819>, <1821>, <1822>, <1823>, <19,21>,

<1922, <1923>, <21,22>, <21.23>, <22,23> ]




&2 9" ol

WA W Az Lo Eds Zo] e st
cARE T GE 78 4 gtk BE &2 L
e FENS dAe R Foh GridA oA F EA4
EAZE AZRSA FEAB FE)oid drim 18X
oW AA(pruning)Fel. Fe AEE L7t Bk

E 794 AE L &)

Zo] 39] &R | Zo] 3¢] ¥+
AR (La)

2ol 28] M A= (L)

<12, 13>, <12, 14>, <16, 17>,
<16, 18>, <17, 18>, <19, 21>,
<2, 23>

<16, 17, 18 > | <16, 17, 18 >

Ly 2= fAdA g3 124 g vla Az
F Adtke AL & F Yk AprioriAll FaEEE
sto] Aol 29 W FIREE 1,9 wpAH A
9 AMA dynErt FUI} A2 X2 B34
o o B 794 L8 GE #FHE dgdEe
<16, 17> 183 <17, 182 |FY3y o|& 33}
<16, 17, 18> ©] B}, 23 o] 27t F EA &
At L7} @t

oAl v A2 1 72X YEE o 8 8% 2
t} o]F TguA AYshs XE IL AAsMH F
o fAF A2 H59 ol 2 E2 8T

M o we

o I [ )

E 8 A #4 A2 33

Large 1 paths Large 2 paths| Large 3 paths
<{12} {13}>
<@l <@, <02, | S8 (11;‘):
<{13}>, <{14}>, <{16}>,
T, <18}, <(19)> iﬁg: igi <{16} U7} 18)>
<{21}>, <{22)>, <{23)> <(19) (211>
<{22} {23}>
olgA &9 Ho A FEE ¢ w3 EIIOIHOH
2A%e] delE olgos EEsW ot Bk
T EAolM T4 dta e HU FAHES UrE}LHCk

B9 JYUEZ XY I FAF A=

Large 1 Large 2 Large 3
paths paths paths
price list
price.our .
. . . contents.section.cha
title reviews.rating
. . . (=tableofcontents.
bookinfo | (=reviews.avg_rating) .
. section.chap)
writer.name
(=author.name)

Ye AER T XML B4 Hol 44 A2 F

561

e

Zo] 19] fA} ﬁ;it‘ﬂ Zol 37tA & 719 A
AL AR} FEE[Y. FE2E U 54 F2S 2A)
XML &4 ﬁioﬂ o] HE dA EA71 423
o Jee

o

2;‘_
v]<:3k Azs TRt S ¢ S Slth
ASAA F XML 247re] Hdl {4 A=2E F5
37] Q& WRE &4 Y vlold dmES A
Atk O oM AA ¢ EAE ooz AP
ANE Ho FozM FEE] LAt Hd A A=
E FE2T 5 JS5E 2

o}

5 & &

5.1 8 CHa o &

o] AfA = A3 WE =3} He u]-o] dngE
o] A4 XML #47t Hd] A H2E & &8 &
FeAE AP AaEg RAET 482 U F 74
2 A=At
< AE 1 3hte AR AAH AelEWe EMER E

AL BsteA s HH2 2ATW 7Edkn

AR} Bl FEo w2l 2FH Alo|r} WA .

Al ZE fAEE TRE HAE FE AIE

MES ez stk dFEe AEd

Amazon?] 2211 432 39 s zEstel

HMEZA 256Mb =719 661702 html =HdES 4

o2 gt 97l F3AE htm! FYE html THA

Q Jtdy[13]& ©l 83t "7} B8 xhtml HAZ

HEsla oA B ARES g3 s HEvE

3 XML #A12 H@ste ARt
<Y 2 ¢ el BuIgh AlolEdle] EAe]R|¥ A3

g 53{E 7 7)1eE EMEE A9 #fAF Ho)

gt stARE AR Bl ARV 23 AHR AFS

At BEAQL EFo] dA3ER HL RN F

A A7) AR Ao ARE® EAME Yahoo!

F4 @ Ao)EJA 183Mb =719 78379 Y

o oz B

A7l A @3] ThE AtelEL] A3
Zo] A% olf7} gtk ol FH
F7 7] ditolnt. w3 4H3) T2 Alo|E9 {AMG
TAE A9 22 dAE 5 ok 2L o)fE ToE B
olr HE o& EAME ddez 397 wjEeltt 1y
U AA #o] e ARE § d¥ HABide Qs
<& 5 UAATh

3 A9E 93] Windows NT, 198M RAM 73
oA B =golA AQE HF e dE wold &x
fAEE TEIAAT A dole Java(JDKL3DEA
Silfide XML parser(v0.89), WordNet v1.7.1 #7]A,
Porter Stemmer Java ClassZ ©]&3lgx A 4840

> o

O;: 0{1

=
o

S I T

A

o M

I‘\FE‘HL
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2+ JBuilder 45 A28t

Ay Ase AL HAaA7) dAME A
Az B e UYol FAke Fel2ER B

ofd ATHE PHL A8 AN LY FAM
455 AYsan. & fAHe 71FE M9 B9
5% NEoz AU A4 Z AN WS O
3 o] Rl

GAMY = T EMAM F2H A fALAZY F
NEEFH A2 5 +1

ol F EAMoM F2H Hd {4 A=/t 4%
AZolx Eim RE ZA2o|W A BEHQA FES
F3} g B0 A-B-CY 71E F2 A AL
7AZ A-CE 2/3712 FHF3ch =3 RE dUEQ]
53 JIHIE W FE AYUUEE BE AR
2e7} H7] 9 FE dUE shid dE2HEgs

delPEL WEe] A2
A29| o 1% vtk A3 2o FEYL Hu)

(¢c) music

44 AzE AFon ANE A g3 BAE B
F32 BRE BASC A4 sEuez BRANE
A zAgre A @ ¢ Ao

5.2 48 1

g2 128 4= 4F 144 AMEE BAEY WHF
g FZE B9 Foh

ztzbe] WEe A, Az AF, ¢ CD, HYLe Eﬂ‘%l
< ‘gufstazl e 23 @AY /1€ e A
B} g FEo we} chach oA Zze] EAE
Ao el B =FoA Aud ¥y £ Y whold
eugEg 43 o2 F 108 2ol A A A
2 9 1 N$E %Q‘ﬁ}ﬂ] &2 ¢ JUrh =23 S
A8 AHolE I FAMK HEF o83 F dx
EANTY] FAME A ‘_"f?_ A= VeRl ot

E =FdA AL duEHe F3td BMETY
HAd HAF F2E 22 F ULE 2Gdh ey
electronics$} music #A9] ‘item’'? 2L dYHEE
AREE ezl 28 tadh shute "R AFT TNk

B

(d) video
Y 4 AYe] LR EAM 958 tiEF 7=
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F 10 4 dE XY A FA F2 (EF 1)

books : electronics (7 7})

books : music (10)

books : video (8)

buying_info.photo
buying_info.avail
buying_info.price.list
buying_info.price.our
buying_info.price.save
reviews.customer.avg_review
reviews.customer.number_of_reviews

buying_info.photo

buying_info.avail
buying_info.price list
buying_info.price.our
buying_info.price.save

date

other_editions.type

reviews.customer.rank
reviews.customer.avg_review
reviews.customer.number_of_reviews

title
bying_info.photo

buying_info.price.list

buying_info.price.our
buying_info.price.save
reviews.customer.rank

reviews.customer.avg_review
reviews.customer.number_of_reviews

AR = 7/18 = 38.89%

FAME = 59.26%

A3 - 44.44%

electronics : music (9)

electronics : video (8)

music : video (9)

buying_info.picture
buying_info.avail
buying_info.price.list
buying_info.price.our
buying_info.price.save
reviews.customer.avg_review
reviews.customer.number_of_reviews
asin
item

buying_info.picture
buying_info.price.list
buying_info.price.our
buying_info.price.save
reviews.customer.avg_review
reviews.customer.number_of_reviews
asin
name

buying_info.picture
buying_info.avail
buying_info.price.list
buying_info.price.our
buying_info.price.save
reviews.customer.rank
reviews.customer.avg_review
reviews.customer.number_of_reviews
asin

A4 - 4351%

FAHE = 36.96%

FAHE = 47.22%

=

=

Fao 7H4e
9 @ b S 29 CDE
9 ¢

A0 BgEe AR AUH o]
AL 5 Atk WA B =RoNE

48] wAsE AYUEE B4,

A7) A% 3 =
wE3lr] o &9
3 AEE EA87] AT Aok olF o
AuiAQl ztole vis dejHES] A =9 sk FE EFE dEAA FXo|th
=8 HageEs 75‘° °IE°1 Ak AE g on
< ¥wE = dvh a8y
L3y R3gs A AHERE X}EQ} adzs
TIREHOE A=
39 dejdEg H]

53 48 2

U 24o2 F

(charts), H
HHE HoF

e 28 5=
Yahoo!9] 319] F§ RRE B SIE ARIEERE F

Y AlEY 39 wFe BAZClE

A9 fardel g

$ol BEY AuE A
g3l AT

A e R 38 ARE 7]]/\]3'_]-
= hé}—r(news) F21& 7HA HAxEe] F

T glo] Wi FEo2 HAF Aotk FH o] EME & THH T4 R Fo] & MNEHo= AFsn
< fFAE dERES AMgo] 3] wu|stn FY Ajol Y= WF(profile), viXTHo g olzig FH FAA 3
EZRY F£2E i BA07] Wil 4% R F € ARAA EAAEY FH AE YF(messages)O]

price—list/our/save, reviews—customer—avg_reviews/
number_of_reviews/rank$} 2 FTZE
a3 4904 AXNE 4 Figae] ¥ &S
A3 2% Qs Aae 7

661709 Hde /N &
Hrgds AV ERES € F
Al AAE

A
90% °]

music, video, electronics

ov/] ";‘%—8— 'TTA]'AE:]‘%

60%° 2ete E FAMIS
FHe)

HEE QA BHE & AN

A Aol A & 5
g9 5*15:72: Y1Eeg o 7helx
AE A3 bookel BHEE EANES A2
B veA EMES
wo 22 60%0)5te] AT
HEth E& book®} music 7HEIIE]Y EAMES
Hol7&

o] book 7}E3L

Aol = gk

zﬂog

540]

= ® 1090

\I

o= =%

sgo 47)

. o|8A &

g DU Wz A
o) BRSNS BolH ANY SuAFE ol g3l
o

chart #49} & EA
news, profile, messageso] W-SEHE
= s 1 a2 T L] A
FA stk ®=g Zztel EME EF “document”#HE
2ol EAS= 30% ©]d9 Aols RYo=zH FE dHEE /A1 837 e EEd 4}
g dEAEY) W AEo

P2 FHolAF AL E oy 1
& JRE 9T #HoJANEEA Yahoo!® F§
AlolEE 7S =

o] BMEL HARF T2E uiE APAor HAdd}
B33 Heojth, B 3 AoJESA AH
st 171 e Ev £ =
e F

E 115 2th E 1olAE
o] AT ANSD T
Afe A3
o] WE AZE MU=

FAR BHE e

o] BAE

2 1.9 &34 "k

ENEEA

st 27)
e ek F
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(¢} profile

_____ page/baselimagaisubject

S
head %”‘ nams N

tabi gontent
G

& numbarisubjectiauthar/post_date

{d} messages
¥ 5 Yahoo!®] F-8(finance) AFolE9] sljueld RER 24 32

AHRE BAEE W B4% FEES AR 2R
FAsks AEe F7) profile FHElmEle] B4 A

sleth #A A"e AE BA

a3 594 AAE 7 Abae B BAE F4oR
783709 HAdE BRI 2 A 25 I gy s
Hategs B4 EREE € 4 A%tk 29 204 B 80 Aol

oo
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311 7 iR BATE A §A B2 (A8 2)

charts : news

chart : profile

chart : messages

Large 3 paths :
document.head.page
document.head.image
document.head.subject

document.search.button
document.more_info.new
document.more_info.msg
document.more_info.profile
document.more_info.research
document.more_info.insider
document.content.time
document.content.date
Large 2 paths
document.title

Large 4 paths -
document.table.content.volume
document.table.content.earn
document.table.content.date
document.table.content.chart
Large 3 paths :
document.head.page
document.head.image
document.head.subject
document.search.button
document.more_info.new
document.more_info.nsg
document.more_info.profile
document.more_info.research

Large 4 paths
documment.table.more_info.profile
document.table.more_info.research
document.table.more_info.insider
document.table.more_info.option
document.table.content.textfield
Large 3 paths -
document.head.page
document.head.image
document.head.subject
document.search.button
Large 2 paths -
document.title

document.item

document.chart
document.textfield
document.publisher
document.headlines

Large 2 paths :
document.title
document.item
docurnent.chart

document textfield
document.publisher
document.headlines
document.information
document.insider
document.link

AV = 22.59% A = 29.81% A3 = 19.44%

bookoZ A3t vz} BMETL] FAMIS ALt
WD 2R 30% ol3te) we fAMIE RErh AHER
A s 439 #EE Yo @3 g fA
A2 9 HEL VFOE AAH B AeE £ 4
Hehg g9} o

5.4 A3 Znl %

B oeRaa 439e #AR EMES ez Az
AAY BRARE Ve EAES UE A 19
SAEE O 48 22 o] Ay fAabdol
A3 Qe FME diom e A¥e 2 =4
gz e Ao FAF 4R F2 WA Fovigin
2 A9k 49 18 AE % EUY 5L 7}
A7) whEo] AN RARE FRE AR 1E2E
o] ol EA3}, 18y 49 2= RE A7 F83%
BE &3 QVle s 7] b 122 JRE AF
3 AR 9A] delsith wehd E 109 E 1194
& 4 ARl FAMEE AYE 159 EAE] vk &
Hol},

A 2= 74 FiEaeE dEEXNSG Hn FAMTY
Hdl {41 A2 A F2HE ¢ F Uz o
E2 0%y 4 A9 FFA Ang s )
AdE FAHLE BE EAME] 100% AEsA Z
FHElndE 2P ¢ & Ak

TR, YAME AFH e 2ol tem'olut
‘content's} o) & B YIME TrkF olule] o]
2 M ¢ 4 e dYUEE ety dewEste
Mg B 7UE & Ak @A G HzelE o
dd 224 dANEd A% 459 DA we
JulHY Folg WY & YTH 1FAE P i

b

B =EodAMe vloly HoldlA dE] AMSEHE £
Fate] T XML EA43HY]

A& BEvh 244 ¢
Fe dgo] nA2] BAL A AIZEHQ 9 eiA
XML #AMg =ZA H3stEA exigd vlold gad
g U2 AT = AT E=F AP A H)
& dolelHlo]l~E AMdY Hd AF2E Fede
FRE ol8sty g 4o EAME Asted o)A
4L 5 UG & %:—ffﬂ 14 F28 A fA B2
71%2& A KAE A=E H8S 754 EE

o] FHelaEldR 100% AE) B &

A 2 =EdA AL duEE olgdtd o}
A A A BEE ke o]F X3 Bt XML
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