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Abstract The eXtensible Markup Language(XML) is emerging as a standard format of data
representation and exchange on the Internet. There have been researches about storing and retrieving
XML documents using the relational database which has techniques in full growth about large data
processing, recovery, concurrency control and so on. Since in previous systems same structure
information and fundamental operation are used for processing of various kinds of XML queries, only
some specific query can be efficiently processed not all types of query. In this paper, we propose a
flexible query processing system. To process query efficiently, the proposed system analyzes regular
path expression queries, and uses 6@-join operation using region numbering values to check
ancestor-descendent relationship and equi-join operation using parent’s region start value to check
parent-child relationship. Thus, the proposed system processes efficiently XML regular path
expressions. From the experimental results, we show that proposed XML query processing system is
more efficient than previous systems.

Key words : regular path expressions, XML query processing, XML-relational database mapping

1. ME Markup Language)[1]3 AH8-9] #Ad= &3 #4
Al FHo R 3 A HE uFe] ¥FO2

¥ T2 F(semi-structured) 20} XML(eXtensible ]
ZZA HAD XMLl W3 &89 EHe o} ol&

CE ATE AT AF AW T FROPAAEFATAE Y A AME F Qe XML AZ Az djst 87

o 2 A< 3. =1z ° =
]jﬂl ;@ : =9ed HEYYY e-Business Unit £ 71k Sl XMLE AR ad o8 A
kimil@passmail.to 3l FAAGANYG 2L SEAME A AR &
R e 3, FAL oA AP War) ohd BAHes AU
kchang@inha.ac.kr o - o ° o
W Eamg : e AREAEgs o A7 Hglen, XML #3349 A2 =i Be
: yskim@inha.ac.kr Z2YEo] Ha ok fﬂZH, Tarnino[Z], eXcelon[3]3} #
=25 2002d 89 24 2 XML d& tloletHio]x AEFEo] A&l o] ALE

AArgs 20039 7Y 18Y



642 RIS =EA ool A 30 E Al 6 T(0M12)

3 oy AFHA 2 HFEH 1Y) =9 vE
o dg ojx £ e Arstolti4]). XML &
58 AFsle WA= (back-end)EM tiFe] HHH
27t 7hsdta B8, FA14 o] 5o A& 7IEES
7R3 Qe BAF diojgiu o]~ el A|lA"E o]8-3

E 22 dAFEe] Auis-10] olH AFEL #BAY
dojelmlo] 2] 49 AFd XML #FAMES M=
oS E FE3 AL v &y oz FHLU A
28g &8 F gde FFozny Fdsdnt

XML EA4ESel digh Aol U8 uigh dojug
ofet e Wi Az siedfof k. XML #4
o izt de] doj2e XQL, XML-QL, XQuery ¥
Be dojEo] AdHUL olE A2 oL AHAZH
Q BAY 7 FAAE A8 XPathl11]9} & A 7
24 (regular path expression) He]o] AJolE 7o
2 Aa gk olEd &2 AAE Ay sisiAMe
AZAQ FZE 7IXE XML 45 93 7F
o #AY Holgd AZY o FAY YPLAREYD of
el EAe] FRAIRE FE3Y BAY HolB F
A AZsor ek T2 A9 Hde AFH FRAR
& £830=2 ZE3e SQLESE WEs= 3o F
K3}, 9% XML #A4¢9 Aoz} 3jvjel= #AE
tloleldlo] 28] Ho|BEd XY FEAH I
28 Wy et 29 A 5840 &7 gl
o a2} FAE doletdo]AE o] &3 XML A%
Alz®el] digl 7jEe] AFEAM= RE Zd dls
YT R} FYUF AHE ol & AE AT
7] W& ohkg Ao)E FLHor TR EIT
< EAHE] Uk

E =FdMe XML £X4E #zshs #49 uolg
o] 2o A okt XML A7 A24] AgE H&3o
Z A7) 93 fd 29 Hy A2 AL
Atd A2de BE HRE FHEEid AFE, 2
2lo) Hejo) wet thE 2 FAE o] gt A"
a A9 Az Z1HAME A F24 A ved
AZEN 2d =2ES BAE FAH3lY RE-AY
BA FAE 58(equi)-FE AHSdlT FE-X4
FAZE old 2A-AE] BA A= 9-2UE A
43l Aoz Hgste A Z&AE FASH
webA] Zele] Heol wel HAG 2 WHHY 72 A
HE ol&3le A& A9 AHE /MsEA ok A
E A2HF 71EY] ALSRES B AP A E
oo ujg} thE 29 S o] &= AHE A A
Al&dle] Ao A Aol +4EE 4 F ANk

£ =79 AL g7 2} 2= BAE dlo]
Ehjo]~E o) £3F XML AR A2gle] 71& AFEe)

QA 718t 38T XML A% A" #4
A% 2 Ayl 43 ME Aotd Ao A A&
doj) wis|r] dg@ct 5FeM = Alxde] TH 4L
Holm A¢E = 71E9 WyES vn APy
Ard Al2glY 4L HA vl 6=
A8 2 FF AT WFE =il B =28 g

2.

e

BT

=

Agule] ey eUls 53 AR wge] Fle
A ARE Bl BT Fde dY 877 F7t
lHch. dAo] AEEHY SGMLE A o3 A
3d FRo® I3 dE AMSEHA Rk XMLE
SGML#} #& F24 EA4E& 71A0 BA9 279 F
B glo] AMSE 5 3 AR Heidoz Al
A9 JqFEel HA E3 UubEQd BA FEe th2A)
4 el U7t e BaE AEAE AYske Al
g der, AU FERE HIES XY ¥4
o =8 oulE A Aol H4A o 5 A=
HeE 7}k XML £419] o9} 4 72 29 1
% Zo.

AZHolm 7hAZ A XML EAd i3 29 Aoz
= XQL, XML-QL, XQuery, XPath$°] AF-512 ¢
ov, &5 XPath[111¢} 2& A7 ZE2 FY9E 7|

o2 @t R A2 Aot B A2y PAEg
52 YAEE BAY ASTRE AV o€ 2
g Asy] sl AR dHolepol=E olgw

XML A% Azdol gg 7l&e] a7gde 723
BEA 7 ezt 97 An, koo A2 AW 17
3 wezie) ®3 A6l U@ 99 ARE ogse
WZo] cH6 9],

FEAY FRABE AAsle ubio = [GldMes ==
79 A7 FREA 7 woo] DF RAST BE =
=9 DS} WEYHE T HolRo] A, ol Fakeick.

L
a

<? xml version="1.0"?>
<PLAY play_num="S-001">
<TITLE>The Tragedy of Hamlet, Prince of Denmark<TITLE>
<ACT>
<TITLE>ACT I</TITLE>
<SCENE>
<TITLE>SCENE |. Elsinore. A platform befoie the castle.</TITLE>
<STAGEDIR>FRANCISCO at his post. Enter to him BERNARDO</STAGEDIR>
</SCENE>
</ACT>
<ACT>
<TITLE>ACT NI</TITLE>
<SCENE>
<TITLE>SCENE |. A room in POLONIUS house.</TITLE>
<STAGEDIR>Enter POLONIUS and REYNALDO</STAGEDIR>
</SCENE>
</ACT>
<IPLAY>
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Document(docID, docName)

Element(docID, pathID, start, end, parent, index, sibling)
Attribute(docID, pathlD, parent, owner, value)
Text(docID), pathID, start, end, parent, owner, value)
Path(pathlID, nodelD, pathExp)
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XE D R 4
‘PLAY’ = ‘001", 'ACT' ='004"
‘EPILOGUE' = '00a’

A} 1 /PLAY/ACT(2]/EPILOGUE

4
LEEEE L

a9 Azdd gl d@ A |
91 B8 285 22 479

Q, : /PLAY/ACT, index = 2 Path p1

pi.pathexp = /001/004°
Q,: /PLAY/ACT/EPILOGUE Path p2

p2.pathexp ='/001/004/00a"

=8
g ol 2435 2AY A3 A

Q, ' Element e1, el.index = 2

B9 Fo A A

el.doclD = el.docID C

el.start = e2.parent Q, : Element 2 (result)

<L

#F A4€ sQL 3
SELECT e2.docID, e2.start, e2.end
FROM Path pl, Path p2, Element el, Element e2
WHERE p1.pathexp = '/001/004" AND pt.pathiD = et.pathtD
AND p2.pathexp = */001/004/00a’ AND p2.pathiD = e2.pathlD
AND el.doclD = e2.docID AND et.start = e2,parent
AND el.index = 2
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wEID $od o :
Ao :/PLAY/ACT[2}/TITLE/text() ‘PLAY' ='001', 'ACT' = '004'
"TITLE' = '003'
<= _
&9 Al g @ A
rad A AsE 94 24 A e 2 A7
. - Path pi
Q,: /PLAY/ACT. Index = 2 :D p1_pathexp = '/001/004°
Q,: /PLAY/ACT//TITLE/text() Patn p2

p2.pathexp LIKE /001/004%/003'

<%

a9l Aeizk @A A % Hold 437 AW A7 Az

el.doclD = tl.doclD l Q, : Element el el.index = 2
el.start < t2 start N
el.end > tl.end Q, + text e1 1) .value {result)

3 44d sqQL 29
SELECT tl.value
FROM Path pl, Path p2, Element el, Text t1
WHERE p1.pathexp = '/001/004" AND p1.pathlD = el.pathiD
AND p2 pathexp LIKE '/001/004%/003" AND p2.pathlD = t1. pathiD
AND el.index = 2
AND el.doclD = t1.dociD

AND e1.start < t1 start AND el.end > {1.end
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of ZA-AE

TAQ 2o HE 4

A9 : /PLAY/ACTI[2]/SCENE/SPEECH[SPEAKER = ‘ALL' [/LINE

X

2

Y -X-F-)

e

= ID %9 o : 'PLAY' =001, 'ACT" = '004’, 'SCENE' = '005'
‘SPEECH' = '007, 'SPEAKER’ = '008’, LINE = ‘009’
4>
g 8949 E
y 2 IPLAY/ACT, index = 2
: PLAY/ACT/SCENE/SPEECH
: PLAY/ACT/SCENE/SPEECH/SPEAKER | text() = ‘ALL’
1 PLAY/ACT/SCENE/SPEECH/UNE/text() {result)
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Pa
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Path p2 p2.pathexp = 'JO01/004/006/007/008"

Path p2 p2.pathexp = ‘/001/004/005/007/009"

UGl B R A AL He0 AE ARG

th p1 pl.pathexp = '/001/004°
th p2 p2.pathexp = /001/004/005/007"

<%

Q!
03

#3 dolg 435 =0 A} A9
: Element e el.index = 2 Q, : Element e2

: Text ti tivalue = 'ALL Q, : Text t2 12.value (Result)
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oY oEhe gl AL
FUE RRE M E &9 ¥

el.docID = e2.doclD | e2.docID = tl.doclD  e2.doclD = t2.docD
el.start < e2.start e2.start = tl.parent

e2.start = t2.parent
el.end > e2.end
e

el.docID = tl.doclD
el.start < tl.start
el.end > tl.end

tl.docID = t2.docID
tl.parent = t2.parent

(Q,0 CHE LHE BN}

<5
7 449€ saL 39

|

SELECT tl.value

FROM Path pl, Path p3, Path p4, Element €1, Text t1 , Textt2
WHERE p1.pathexp = "/001/004° AND p1.pathiD = e1.pathiD

AND p3.pathexp ='/001/004/005/007/008" AND p3.pathID = t1.pathiD
AND pd.pathexp ='/001/004/005/007/009" AND p4.pathiD = t2,pathlD
AND el.index = 2

AND tl.value = ‘ALL’

AND t1.dociD = t2.docID AND t1.parent = t2.parent

AND e1.dociD = t1.dociD AND el.start < t1.start AND el.end > t1.end
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9 Muae Jd 9@ P8 subQuery
29 - SQL ¥9E querySQL

Huye #d ¥ sublnfol]
for i=} to subQuery.size() do
sublnfolil = M2¥9 F2 W& subQueryliD
sublnfoli] = €& ®ol& A H(subQuerylil
subnfolil = 28 A &(subQuery(id
for j=i to subQuery.size() do
sublnfofi] = At A H4HsubQuery[il.subQuery(j])
end for-joop
end for-loop
it ( A2 Fojbol Y ¥ 2 29 in subQuery[] ) then
/A 4% from sublnfol# 2 del]
52 d9 A8 AA from sublnfoll
end if
querySQL = 9] 5QL &9 (
SELECT 2% A9 in sublnfol]
FROM #& Hol¥ in sublnfol]
WHERE
for i=0 to sublnfo.size() do
M2 F2 &% in sublnfold)

&2 blolepdo] 2 A 30 A Al 6 (AN0312)

¥ 5 AHE-E XML tlofetd] g A FEE
: el B 42
29 % 371(MB) ' 6.91
A A 3%
24 Ha3 27|(KB) 197.4
dHE »=9] £ 170,728
HAE wo] S 140,018
329 A 57
49 el 6
FAT B %al“*E kB F 4878
FAF B dEYURHE x= £ 4,000

X 6 A BEANY 2z =E9 e A mEdAM

end for-loop H] %
AND — - -
for i=0 to sublnfo.size(} dor ‘?.}i"}‘ﬂg . : 7“‘ "}F . 1( X ‘ﬁ] '%(%) :
| s ‘or‘l:iil(} B4 4% %9 in sublnfoli) ACT 178 0.10
e for i=0 to sublnfo.size() do TITLE 982 057
Ashh 28 ¥ #9Y in sublnfoli] SCENE 715 041
K e STAGEDIR 5974 349
FuF 1 AR WA AL Lnel SPEECH 29,544 17.50
SPEAKER 29,954 1754
AT 2 =gl AL XML A% A2He win- LINE 102,294 5991
dows 2000 AWHE LHGAAE 38, Pentium-II

1GHz, 256MB RAMOA Fdsch 223 #AY
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£ 7 9% A8 e

oA 2% HEF
Q /PLAY/ACT 175
Q. /PLAY/ACT/SCENE/SPEECH 713
Q //ACTI[2)/TITLE a5
Qa //ACT[2I//TITLE 181
Qs /PLAY/ACT/SCENE/SPEECH[SPEAKER='CURIO’] 4
Qs /PLAY/ACTI[2)/SCENE/SPEECH(SPEAKER = 'ALL’VLINE/text() 8 ]
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