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The Levelized Schema Extraction in XML Documents

Sungrim Kim' and Yongik Yoon'

ABSTRACT

XML documents, which are becoming new standard for expressing and exchanging data in the Internet,
don’t have defined schema. It is not adequate to directly apply XML documents to the existing SQL
or OQL. Research on how to extract schema for XML documents and query language is going on actively.
For users’ query, the results could be too many or too less. It is important to give the users adequate
results. This paper suggests the way to extract many levelized schema according to the frequency of
element occurrence in XML documents. The Schema can be reduced or extended to correspond to the
users’ query more flexibly.
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<movie>
<title>Citizen Kane </title>
<year>1941</year>
<director>Orson Welles</director>
<writer>Herman J. Mankiewicz </writer>

<genre>Drama</genre>
<cast>

<award>Oscar</award>

</cast>
<cast>

</cast>

</movie>

<writer><firstname>Orson</firstname> <lastname>Welles</lastname></writer>

<name>Orson Welles</name><role>Charles Foster Kane </role>
<category>Best Writing, Original Screenplay</category>

<spouse><name>Rita Hayworth </name> <occupation>divorced</occupation> </spouse>

<name>Dorothy Comingore</name> <role>Susan Alexander Kane </role>
<spouse><name>Richard Collins (I) </name> <occupation>?</occupation></spouse>

<language>English</language> <country>USA</country> <color>Black and White</color>
<keywords>sled</keywords> <keywords>dying-words </keywords>
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MakeLabelPath (treeNode u)
begin
path = ulabel
while (u isNot leafNode)
begin
v = u.childNode

path = path + v.label
u=v
end
end
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CalcBitVector(document d)
begin
while (pi isNot EOF)
if (pi in d)
d(pi) = 1
else
d(pi) = 0
endif
end
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begin

for each i in path P

new_path(i) = bitwise_OR(XZdjPi)
end
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begin
for each i in path P
Freq(i) = count(3Xdj)
end

L33 E 45 YA A GE ol HAZ v EY

FilterFreq(threshold t)
begin
while (Freq(i) isNot EOF)
if (Freq(i) >=t)
New_Freq(i) = 1

else
New_Freq(i) = 0
end if
end
5. 4 ¥
5.1 Ay &4
E =24 A golE BEY B N F
of ME 27ivl & Wi 4 AL R T
t}, &4 A A= Windows20000] 2L, gl o] Ej ) o] A&

Oracledi & AM&-3t3tl #3 doje JDK 131 3%
JSPE AHE3tR 1, L8879 A5 & 98k Oracle
JDBC thin driver & AH&-8tA T XM= IS 5.0,
JSP A A S Z = resin 2.0.12 AHE3l12, XML A
2% Oracle Parser (3 20.1.0) & A83 4}

2 Ay =2d

5.

B =AM AHS-" XML EAE 98 #3 3
®7} sl= http//www.imdb.comZ FZsgch
[19]. Top250 films Fol A 10087+ %] 2] HolH & ¥
EHto] HolH & A& B AE HolHE F4L
2 XML EME 443t At

XML EMUINL HHSIE 27101 == 109

5.3 Ay
53.1 "Holg od= AA A

28 45 948 XML EA 5 d&) g4 &9
sl Al g dlolg 1= o) wlolElHol 2o AR
B Az g¥ojty 24 XML £Auldd doc_id 7}
HoEn 2E LEREH X =T71A FolE F=E
7} ARSI, o] HolE A= g g =29 H
ole7} ARAHI FYg idE e

532 27)n 2= A A

dol st fdsl B & Y= 270
adEE A4RT 29 5 Heleuel2e) 43
9 270} 2zl Astelt.

Lats i apb ~ Microsoft infert Suploniy - <= e
L IYE BNE MWKY SN & P2l |
JeME . DD A AT Geasd Bed |
1 3.510) €] Iy /208,252,196 73:3080/ viww_ualaGrap It jsp | PUE
[AN @ W A 8N PIVE Fomall @Hcnail @)Mndows Meda

- T

Nata Granh
dcc_djabsi_path Ga"_value d
asi_sward Oscar

Past_category B=st Aclo- in a Leading Jola 3
East_rame Hon Brado 5
cast_rame ane Keaton 0
cast_rame Al Pscino it
cast_rle an vilo Cerigone 7
Lasi_f ik dy Adait s Curlaunie 1K

East_rale

ichacl Corlcore
AR

Fasl epnise Jana

Cast.cpouse_nane

Bnne Kasht

rast_spouse_nsne
cast_spousc_dccupaton

arita
divorced

Cast_£pouse_3ccupaton

dworced

CECEEEEEEEEE RS

casl_spouse_dccupaton

divorced

colar

Color

courtry

SA

i Wireciur

T2l 4. clolefslo| A0 XS HolE Tef=

e Lis Furd Cuppule

UG B A K

CbHE . -

DAL Qum ¥

S B My 23252 1E ~] PNE |

23 Buay

81 @2 »

©

flabel_pat

chena Craph

=l

Icasi_award

icasi_name

jcasi_category

icasi_role

B GS STE

lcasi_spcuse_namn=

lcast_spcuse_ocsupatior

icolor

jLounty

ciroctor

cirecr_asname

lcenre
Aleywords

8

A Fimeiar Tehama
10

[l

12

% anau3Ige
e

| Gver tor

i bvr ter_frstname

[ dva ler _faslidine

[ Gyoar

BT ed

HY 4

a2 5. Hio|Euo|Aof XMEE AF(Of Tei=

3




110 QEIDICIoES =2X A53 M1%=(2002. 2)

533 dolE A W NEF AN A
27)ol 2P ZE uleto 2 dlojy T HF
g2 B o8 ARE HE3 HolE FRT)
ZAQ3d 1, 2A3A o002 FHIEE 54y
o a2 62 27|vl 2z} Hloly aYEE o)
slof 2} XML 2418 HIE HE2 8% doelnh

F R bor bt (B e e
I PaE 8 snm\ Y SAmE o

[ewe s L L L L E LY

e I'l»h AR T VTR, PARIEVN aus Ther ol mar Jap =i
J“” om asTan BEE et [Ebind giw o Uiy G seera Sheklos - S

223 na brroy
l‘&JIJ\VAIUE'M:I_L'MtLLINEAL'I_N“L‘A&:IJLL&_‘M:I_\"'JU!&M%‘_A} 18 LS E UCLUEAT UN
T T i

T

n 3

FI=r

n g 1 "
T U T T

1zl 6. glolg A=e| H|EY oleAl

g 7L golE AEY F A VT £ ALE
Aojtt 19 7¢) A= B cast_name, cast_role,
genre, title, writerell th3t #lolE Z =27} 10074 &
ARG ZE XML FA0) YerddE 2E ¢ 5 3
31, director®} #o]& 7 2+ FirstName¥} LastName
oz 2ol RHEFT, 49719 4 T RE S
€ ¢ 4 Advh

Fliru Frequengs o Mol Ve el Bt

I¥P BEE =2W EARAR SRM K »-
“HE -+ - DA @ Qe GEAsD
P2 it [@T«: 47208 252,195, 738)E) froq icneyr, jop _J FNE
B PIUS JSNEZH EITE Homel @Hoteal »
2
Input Freca2ncy
2AST ANARD 57
ZAST.CATLGCFY 1%
46T NaMF 1n
TASTRZE R L
TAST S SCUSE_NAME 3]
5T Bo0USL oG JPATIDN] 9D
] 97
DUN_ 1™ 97
DIRELTOR [E]
SRECT OR_FHST HAME 3
SIEFT TN T AR AUF r|
3-hAE 100
FEVVIOTLE 07
AN SLAGE 95
TiTLE 700
AR TL- 7J
[ATITE - JFINS TNAM= ES
TE-_TASTHANE =)
EA 700
| “rsguency I(UU 1.9 -
DR T e /

a3 7. #olE dhl gl

5.4 #lolg Z2o| Wi vz Fof o2t YYE=
27|ot

ot AT HAY WL Fof g FRE Tt
% 9ol YARNE Foiste] A A Hel 2 &
o WHE 24 B g & § Aok HolE A=
Bl W sS4 of gk YAX & 0.0014 1.0 Abol el gk
& Jdyur e gtk &, F XML A9 7l
gol2 Az v W% £5 0.0 1.0 Ate] 2 A3}
A A AN A Qo2 JARE 059 082 A&
o F2&5E 270k 0)E A2)9% A&H e XML
2o WEel Mg 29 8,99 2 AHE B
o},

AN

5.5 Y Zo 24

AR 05 14 AFE F XML FA 1007
Zo A 2 MES7} 50700142 dojE BEWS
sto] 227|718 AA3sHA ok @AA 7 08 ©
A9E % XML ¥4 1007] FollA 24 vlEs
7H°l*&°1 Yol8 ARTE FE3t 27IvhE
Yo}, A7 058 B9 082 Afl &

27vte] FEAE M EE 089 Bl FF
27)vto] Bl E Alve) & Z7he] A B (writer)

ok

fr rlr ox oo 12 m{w

ﬂﬂo::_._lozl-{)l'

all et qu oo =i s Llhlnlm le ;.Iuex
meiP EUE () BAFAN ET
Brim oo @ DA Rae mEervn -
¢itu‘[§]7203 Zi195.’3:310,’huq.wm.y_>-|||I_uis‘p':] ik
2 EaAARA /Y €l Hovra ) EJHatmel »

Uszr Freg.ency s
Yabiel_path

L ASTAHNFD

CART CATTRNEY

S8 T_NaHE

AU E

= AST_SO0OLSE_NAME

AT EIOLSE.UCC JFNTION
AW OR

COLN Y

e TON

SENRE

<EY'/A0R Q&

AN A

TITLE

A HlTE |

lwRITE_FIRSTHAME

(WRITES LASTHAME

YT AF

Us=rFreq.ency . 50

Du_w e i

. docid ]

# o oomentt 9

£ 8 [[TTears

) AN

a3 8. eAIxl >= 0.5



SE =0 S £TT 5 I

Pz - DD A Bas meaw »

XA @ +/F2EER2, 93 TEEOB I v unvy i g .isp_:] Fait]

223 £)0d RN BY Gwa et FlHorad ”
-

Ussr breg.ency I

lubiel_puth
oS T_NAME
LART RO T

CAST_S/OLSE_NAMS
AU EE TILBE_OCC I ATION]
i-GLOR

COLNT3Y

3 NR

EVAORZE

- AMGLAGE

LLLLL

YEAF

Uszr Freq_ency © BU

Dozume-to id
Ane id

-12312689101112° 2
4216171819222 2223
24 2226 27 282932323331
2532373839101z /3 ¥ 45
7 A= /953 51 261655657
=8 B2 60 6! 62 3 6166 67 63
7071 7273717577 7980 81
c2B2818689:091 919% 96

=7 9299

# -f cocumrcent: 86

KL f [ EEE

NN

7 9. AIR| Y= 0.8

E 45 Ue GRS YT 5 QAT AR
59 ASd FE2HE A7) vt WisiAe ZES
P e AE & F Yok

JAX 7L 050 AE FEHE 270 dAA
7} 0.8%) o‘rﬁ'—‘:}‘ B2 HolE ARE AR
27julel] YehtE BE #HolEk FRE Xdste
XML EX 9 AFe ONEA A4 B4 10%= ¢
He HAYE ¢ & Atk kAT A7 082
A FEHE 2799 BHE 058 BHRuE
FAT 270l Yehte 2E dolE ARE ¥¥
3t XML B9 sl 86MEH A B9
86%US & 4 Uk mhelA ALEARE Fojr) dAR|
0591 750 AAd=E 27k 88 F YA A
o7} Hag 7] Mol XML B9 A4 M E vlg
Y & s Rolth gt B A& B3 AHEA
o} Aojo & zt2 o 27]vlol] H &L AFIH
Ao w3 3 ¥4 A= F5HL +
& & Ak

<

_1

o],g___

6.2 &

XMLo] QE Aol A Hlole e Bdsln mas]
T AZEE EFO 2 T3 Ao XML-e vld] F

XML SMOIMS EASIE 2310t F&2 111

ol 27017k 93, B4 AR Holesh volE
F22 23 7 el 71E9) BAY Holg ol
21} 23] A% dolEHlo) o) X ALESIE SQLO]
9 0QLE w2 Aga717 ojdeh mebd ol
XMLel thal A2e Aelolsh Aol Helg g 2
719} 220l W Be A7} ol oA T Uk,

2 E=golAE XML 246 3l Hold Bzel
W Sl e A7)0 $E PH S AdSeh
279} 2% TPe YT 2L DIDE 2 XML
EA 5 ols) 270} 2 2E Y4 5e] XML A
| 9 zE ddussl gustk wF 5390
A% HEE 5 QLS @k 2em 270 2
Eugoz 94y XML—rH«] dolE AR &
22 uE HEHE X333, XML EA00 4 #
Aze) w4 NE 85 Adstdn 281 o
Aol W} o) B9} 270k 252 b5
7ﬂﬁiiﬁ&%4§4ﬂfhﬂiqzﬁﬁzi
AP & AEE ok

B =FoA Agshs W& XML #4190 e
S dlo) 2 A2 WA MES) mieh ofe) wAel
2710} 228 AFs A Fo2H g7 Ao o
S 2o H5EH02 AEAD F ASS L 4 Ak
g Aol val UF Fe e UT e 29
A7 Gsiohd GAAE Fof 1 Ao WAE Fa
5o ggatel g4 Aslel Y AP FHE B
4% + ok _
AFAALE et ol HE o4 2710
¥e mastel vole ) Yrwe ohie o
= Ao] 7tedtA FoEM Bt A&
ol g 977} Ba st

e T O VoA
‘:'r,JL

ON‘E—&I

re

2o oo
O.'n“.. -‘o{t

o
A b

o,
=
o=t

5

EAR= R

),

27)0E S

=

i)
Rl
Ho

[1] Serge Abiteboul, “Querying Semi-Structured
Data”, In IDCT 1997

[2] Serge Abiteboul, Peter Buneman, Dan Suciu,
“Data on the Web : From Relations to Sem-
istructured Data and XML”, Morgan Kau-
fmann, 2000

[ 31 S. Abiteboul, D. Quass, J. McHugh, J. Widom
and J. Wiener, “The Lorel Query Language for
Semistructred Data”, International Journal of



112  ZEDICoEE =X H5A M1=(2002. 2)

Digital Libraries, 1(1):66-88, 1997

[4] Jon Bosak, “XML, Java, and the Future of the
Web”, http://webreview.com/wr /pub/97/12/
19/xml/index.html

[5] Tim Bray, Jean Paoli, C. M. Sperberg-Mc-
Queen, “Extensible Markup Language (XML)
1.07, http://www.w3.org/TR/REC-xml#dt-xmi-
doc, 1998

[ 61 Roy Goldman, Jason McHugh, Jennifer Widom,
“Lore: A Database Management System for
XML”, Dr. Dobb’s Journal, 25(4):76-80. April
2000, http://www.ddj.com/articles/2000/0004/
0004i/0004i. htm ?topic=xml

[ 7] Roy Goldman, Jennifer Widom, “DataGuides:
Enabling Query Formulation and Optimization
in Semistructured Databases”, In Proceedings
of VLDB, 1997

[ 8] Jiawei Han, Jian Pei, Yiwen Yin, “Mining Fre-
quent Patterns without Candidate Generation”,
Proceedings of the 2000 ACM SIGMOD on
Management of data, 2000, pp.1-12

[9] Theodore Johnson, “Performance Measurements
of Compressed Bitmap Indices”, VLDB 1999,
pp. 278-289

[10] Alon Levy, “More on Data Management for
XML”, University of Washington, May O9th,
1999. http://www.cs.washington.edu/homes/
alon/widom-response.htmi

[11] J. McHugh, S. Abiteboul, R. Goldman, D.
Quass, J. Widom, “Lore : A Database Manage-
ment System for Semistructured Data”, SIG-
MOD Record, 26(3), pp.54-66, September 1997

[12] Jayavel Shanmugasundaran, Kristin Tufte,
Gang He, Chun Zhang, David DeWit, Jeffrey

Naughton, “Relational Databases for Querying
XML Documents: Limitations and Opportunities”,
Proceedings of the 25th VLDB Conference
1999

[13] Dan Suciu, “Semistructured Data and XML”,
In Proceedings of International Conference on
Foundation of Data Organization, 1998

[14] M.C. Wu, A.P. Buchmann, “Encoded Bitmap
Indexing for Data Warehouses”, Proc. ICDE
'98, 220-230

[15] Jennifer Widom, “Data Management for XML",
Working Document, initial draft appeared April
1999, Also IEEE Data Engineering Bulletin,
Special Issue on XML, 22(3):44-52, September
1999.

[16] Ke Wang, Huiqing Liu, “Schema Discovery
from Semistructured Data”, International Con—
ference on Knowledge Discovery and Data
Mining, August 1997, pp.271-274

[17] Ke Wang, Huiqing Liu, “Discovering Typical
Structures of Documents : A Road Map Ap-
proach”, The ACM SIGR conference on Re-
search and Development in Information Retrieval,
August 1998, pp.146-154

[18] J. Yoon, S. Kim, “Schema Extraction for Mul-
timedia XML Document Retrieval”, in Proc. of
International Database Symposium on Mobile,
XML and Post-Relational Databases, Hong
Kong, June 2000. Also to appear in Journal of
Applied Systems Studies, Cambridge Inter-
national Science Publishing, Cambridge, UK,
2001

[19] http://us.imdb.com/top_250_films/



XML EMOIMSI CHHSIE A3101 & 113

4 o g 2 ¢
1994 &Hojzlt) ey, AA+eT) 19839 Fadigtn EAGH 249
=94 (elgAh (]8Ah)
19973 “HoAgstn g 19853 #=ratatr|ed Aakehad
et &Y Z9 (&3 AN
(]38t AA}) 19949 =98ty )ed FAAETH
20029 Sdojzlietn o &k 9 (&3 9Ah
AFEEY 29 19973 ~ A AR
(o138} "hAb ARty dejrjdejsts} af
20013 ~8A FHAANE D FREE AFEHIAT ARl AREA FE o] B4, 4 A2, 4
7o) A A A AzZE 7] A2, Bk v Ego] Al2E 2

#a ok : XML, FElv|t]o] dlo]gjsjo]A, Ao} Az A olglu o] 2= Aj2Hl, AA1Z OS/ DBMS



