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Processing XML Queries Using XML Materialized Views :
Decomposition of a Path Expression and Result Integration

ChanHo Moon' - Hyunchul Kang'

ABSTRACT

As demand of XML documents in the Web increases, Web service applications that manage XML documents as their resource are increasing.
The view mechanism for XML data could be considered for effective XML query processing in these Web service applications. If the XML query
results are maintained as XML materialized views and their relevant XML query is processed using them, the query response time could be
reduced. There are two types of processing an XML path expression, which is one of the core features of XML query languages, using XML
materialized views. One is the type where the complete query result is obtained from the materialized view, and the other is the type where
some of the result is obtained from the materialized view and the rest is from the underlying XML documents. In this paper, we investigate
the second type. An XML query in this paper is an XML path expression which is one of the core features of XML query languages. We first
describe the storage structures of the XML materialized views derived from the underlying XML documents in the XML repository. Then, we
propose the algorithms to decompose a given XML query into the subquery against the materialized view and the subquery against the
underlying XML documents, and to integrate the results of these subqueries. Through performance evaluation, we figure out the condition under
which our XML query decomposition using materialized views is more effective than the conventional processing.

7|19 : XML, A2 E8A{(Path Expression), 22| 2&8HQuery Decomposition), Z1t E&H(Result Integration), &R[F(Materialized View)

LM B 4% ¥ dAYZe =9 2eE £ oo

o s $i BAY dolguolzs A4S Holdelt BE ol
P 9 £48 e REom XML SR WE 4 fxa deluzd 323003 duig A449E 4
B g Ao £EE XML A7 48 Aojd. 1y o] glo|Boln, gurgo g thakdt wlojel A& A(repository)
T olmE AR mrsdgl o), B8 SARVY g Aga dana doge 5Us deln 69 sse
o A% TreEalecaulog), 719 H ATE B AR n a0 A0 4 A 242 A8 QAR (mate
= AE A9 BUERP) AAT F GFe g AEA 3 et

ralized view)2 A% ¢ d=d, F7F AARE ATH
A oAEE Aole F&Hed HEd ofE FE Il
A A&y dolelujojx AlAFANE 7 Jldd #H§

golla 71 88 4 el 2 Aotk o]E { Myl
S&lMe 29 AP A A TS A3 XML dlo|g]

* € ArE gRsteAR SA71297 (01200 00000 R e £ 252 Qagte Ax AFY Ho| gt Be A4t

A %T}_%ﬂf 94 greEy o]folA 92,3l 4 dolHld Be wZEe AXsn
EA39 2l AR T o W :

%E-z-}r:é%oze 109 1524. AAteE T2003Ld 59 69 gle ¥ 2A  d)o)el(semistructured data) 2 XML o)



622 SEXEIE2=FX D M10-DH M4=(20038)

g daiME Fe §83 Adoln4,5] AAFd og
d7= FY=Hu o) [6-8lAE 2 A dolete o
g AAF ® 2o HAH Al B3 A7 FPEHA
[l As A3 doletso]29 XML &% Z3E 44
3t A7 FAEAY [10lAE XML 29 AdEs
AAgetn ARA ANeE FAse XML AAH e
ZH YA ZLE ATt

(g 1) g4y XML EXGEHE delehE ANFsw
AE XML AZxE tdoz A9 q9 Az #4& g
d FHoltt, (2 D@e HARE AZsA g 7189
XML AZAE gioz 3 A9 HHE vehd Aojt
(28 D)= XML A4 U AAFE o83 d9 A
% vebd 2, A9 g7t FoiE o, 29 Ane ¥

55 s AARERH 48 5 glod, 29 2 (de-
composition)S F3 F9 ¢ HARA g B o'
35 doet2RE UrA ARE dE 49 grez ¥
sto] P T ol Ao AAE FH(result integrat-
ion)&o =R dWdigh 49 XML A& W EAME s

O

A4E 78 F o 29 g7 AHE EY + Al
zo g = z@elq e
A
: | H
i Ho 28 21 28
=@ g
! 70N T
) Q q’ 1 1
x| | 2 !
XML ’ ]
HEA 4 :

~

HEA 7
’ éﬂﬂ% P
/ L

L 2 ! ﬂ -7
5t [IOIE 8t CIOIE

(a) AABRE ol g3H7) (b) AAFE o] 83
e A9 Hel A9 Az

(32 1) XML HELAE iAoz & E9f #a|

2 =fodMe XML 2AHE o8& 29 A @
Ao, Foi dojg AAFA g At & dlojet
of g A2 Eds] AP F ol AAE FHshe
71l s A7 ol& #8 WA XML Aga o 3

2 XML dolgzRE £3¥ XML AARES Aosim,
AAFE Adde XML AZ4Y 72 AAG Fof
2 dolg @ AAR A 2% @ AR TFFA

e gL AW Y doRIye A4sE Yz 2
28 F ol5e Al 1 A%E SPAE()e), AAR
g olg# 49 A W) 49 ¥Y AnEF Eay
49 A% $F YuAFE ANB 292 AARE o

¢ Ao A2 P AARE ol8dA = A9 A
2 e ded v, £Aste AAFE o8& Fe A
‘%‘%‘Ol T FEE AL 238 7Y oy 3y
Ao A XML d929 A4S 1
Eﬂﬁ}ﬁﬁ}. % EE—O!W AHEE XML A& XQuery[12],

ik

XPath[13], XQL[14]7} Z-& XML Aejojge] ze A
3 1% 2 sh XML A2 B340l

2 =89 4L ued goh 2dAE #8 978
71&dtH, 3 e XML AAR Heg MRS A
3 XML A4 Tz ds)] 71&dth 48 2
o] 283 28 o9 Al thslA rler) 5dA
= A7 2 U8 7esty, 640 A% HU A
£ 7ledth AR TR A2 S 3=

R °1F

&2 XML 29 AFE 43 VHoRE AMFE o
& AT A o] &3t Ao ET § k. XML
AAFE o] &3 Fof Ao A ATRE, é?ﬂ]”e °]
3% XQL A9 Wg d711]7) gleov} thekst Ao &

I g MEE 074 g o 1 9 XML 2ARE
o] &% Z9 A9 #AHY ATFEE dEzRE dolgd
e §& o83 Ao ¥ (query rewriting)15], 29 &
@16], 28z Ao I (query containment)[17] el
g AF7E lon, olg @FEL BFE aHZ suke] 6k
T2 doletHlo| 22 RE NAHH HE ol&F wrzd
Ao Ay EAE OE FAoZ Y 222 XML #A4E
a8n R Ao % Heo THEL Y F9o=z XQLH
#& XML Zooj & ddez six Fdd.

(1lelAe XML Ag4d A€ s XML SR
B XQLE 53 Aod AARIT AYE 4% olF olg%
XQL #9 Agd oz 7Iestn Yok 2o A A AAH
£ ol &3] A3, [11ldAs 9A Folx Feojo i3 A3
o AR et T BAAE EFsa ook ok o0&
= e EF A0 wet "o Ay o] 28 4 QU]

ot [11]9M = AAR< 2o Anzty ¥3 34 S
OA 7t 2 273t 9ok oS Agsd the

D) QAR A Bt IASE A
i) AAR7E A9 AHE TP A
ii) A9l A AARE Teee 4
i) QARG Ao A A% FREE P

) AA%st A9 A3t Aold] 3 BAV g A%
AA%st A9 BN T BAE J|oz s, [11]

dqxE 29 AA AR & Y& A A2 BF
st ok ol& AdEhy then g}

T d 4 b

e 3 MV(Materialized View Only)
‘r°11 oo Ang HARETEH EF = A%
o 3 UD+MV(Both Underlying Documents and Ma
~terialized View)
FN Aol Aol UdRE AARERY du vy
7 4 S dHolEl2RE A= A$
e #3 UD(Underlying Documents Only)



XML ZXEE O

Dol Aele e BT - dojpRiH dx
3%
[11Jo A= AAHE o] 43 He A7 28 = £33 MV

|88t XML &ol M2l : d2 EsAlol 28 2| 2 B ET 623
sle) 274 dg (condition element)E 3 3oh

w=EdAE XML 24 U &4 d2ldEY A= Hol2 ¥
g Aostu, FE dzldEdA Hste dgWE 719

4 Aol g Foletm AHojun

A ANNY Fold Be4E el dE Aoz add (28 2% S doldtl AFE XML FAE b
€ dugss AN, #¥ MVE #3 UD+MVel o] Aoz 3 wlolElo] bookstorel.xml F} bookstore2.xmlo]
W ORG UET A% MEL AW A9 AR FUE 00 ggn A%aA. XML 24E B9 722 R
dagith 28z, [1kAE A4HE o]43 Fo] Wi o xEi dYWE I3 BE Qe &S ZHcontent)
AT s 241 AR A4 ¥ & Uehdel. s lolekE SR XML 82 “bookstore
XML A s g o1 A, g2 e A, /book / author(first - name =“Michael”’]”¢] Fo|Z-< o, A
&7 (attribute) 7%k A7t TS whet olg e A4 2 “/bookstore/book/author” o)™, =72 “first-name=
A7) fd XML Qo] 43 dFge] ds 23 “Michael”" o™, 43} d2WEE “author’o|®, =7 dzld
TOITHIB 191 1 3 XML 248 A2 93 dd 24 E= “first-name’®] 93, 23 delREdq 27 AW
o FEAY Lot BAS wE(AUUE) AN2F BE co gue 1o urh (28 29 bookstorelxml T4
e e 1814 ANGRR Ak F, BF2H A o6 ag
ClEtE ARE dolEloj 2N =g 1 AR 2@ A3t A VE(result element)= 58 27 AwE
& FP WY YA AL AT 012 A A M g g gu maz e dgues Bz T80,
ddx FP& AR ged, FE 228 53 = B =Rod @3 XML 42 EEAL tee wEsgo}
ERe] dA A2%E 88F AN WU 1-index, HlolE T AR A,
Holx Ul oo 7 wzE7te A2 E 24 AM
Wol 2-index, 21T o =T E7H0) AzdS #4835 A o 2718 WAEy] f3 e A4k A Abgdo)
A B9l T-index7t o] Eo]th o JH iR Wo o] AMESlE HW FARK(=,
=7 text (), Byl Ade] glov E@ dilkale
3. XML MHHE Xgsts XML ME49 3= Qi e ‘Sand$'2 AFFHEF, Sor$ AHES AT
o},
£ doHe XML AZAE ez 3 XML 29 mdlg o IE A4 oA $and$ A4t conl $and$ con27} F
AAskz, XML 29E 53 XML AA7S A, 1w oJH & ZS(conl#H con2E EF Bl @AE o] &3
3, AAEE AG3te XML A340 F2d e 7)&dh Z71), conl®] A9}t con2d] AFE AAR Yeoh
e A3 AYAEE sty @&, 1 A7 B D7
31 XML M| zH Ex 5% §7 2240,
2 =%9 XML AFH J&& o] Ao T
goh 2 =RoA A" XML 32 RdAe 399 o 32 XML dAIF
dEg Z2E JYehle R Zo] A22 A9 yito] § XML AARE 7 AYXML 299 Aahol oa) s
© XML £41¢] 54 A 9E (target element)S F A3} XML A28 AAg dizA, gdag d3 dede
I, 2AL FAEE I A4, vI A4 & ol E°] XML AARE T4t XML 2A8s 29 =4
[bookstore1.xmi] [bookstore2.xml]
bookstore booksiore
book b'k
oawLmDIZtabase) author author author o ‘;;zcze) rirle author content price
(XML Beginning) (825
f(i,.rfm,am,e :'“' first last firstname last title chapter ﬁrst-ﬁname fitle chapter

(L1 Why\

title

) (Michael) (Kay)  (Andy)  (Kay) (I.Intmduc%

sentence

(There are...)

(az

(Michael) (Johnson) (1. What...)

section title

(1.1 What..,)

section

\

sentence
(The Exen...)

sentence
(In this book...)
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XML diolelg 4o 2 bookstore/book/authorlfirst- name
=‘Michael’l&}= 742 FEAE A 2345 F2 e
A Aot (2 @t XML 4AHE EF U= 3
& Aoz, (29 3b)E olE XML M2 FHI XML
A

author author author

/N N

first-name last-name first-name last-name first-name last-name
(Michael) (Johnson) (Michael) (Kay) (Michael) (Johnson)

(@) Egl ¥z FEY XML AAH

<root>
<author>
<first-name> Michael </ first-name>
<last-name> Johnson </ last-name>
< /author>
<author>
<first-name> Michael </ first-name>
<last-name> Kay </ last-name>
</ author>
<author>
<first-name> Michael </ first-name>
<last-name> Johnson < /last~-name>
</author>
</root>
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AL

EID, PathiD, Parent, Children, Prev, Next ZH o2 74
¥ Element_Info BHlo|E3} XML ¥4 W& AR+ DID,
EID, Content @# 22 T4 Element_Content Hlo]Eoj
Ztzt AZEohDIDol = XML #4119 ID7L, EDol= d#
HEY DAFEE deHE o2 WE Bo)7), PathD
o dwHEd ZAZ AH(0]F Path_Info Elo]E-ol4 A
3 7]%) ID7L, Parent°ﬂt H5 dHEs ID7} Children
A& A dHUE ID(E)?), Prev/Nextols 22 &
JYHEE Z2t& o|H/oF Al JdeHE” ID7}, a8
Contentoll = AW ES] Y& Awrst Az} olm Chil-
dren 282 A BAY doletdo] 2o X AFde £
A(collection) Bt oz Holdt)

(219 59 #Z2 bookstore DTD7} 1L, o8& &3
XML EAE(28 2)9) bookstorel xml# bookstore2.xml)
o] ki 7H4EAL (28 6)2 o] XML E£AE Element_
Info H/°|Z%} Element_Content Ho|&of 33 Lol

<!IELEMENT bookstore
<IELEMENT book
<!ELEMENT title
<!ELEMENT author
<!ELEMENT first-name
<!ELEMENT last-name
<!ELEMENT content
<IELEMENT chapter
<!ELEMENT section
<IELEMENT sentence
<IELEMENT price

(book) >

(title, author +, content, price) >
(# PCDATA)>
(first-name, last-name)>
(# PCDATA)>

(# PCDATA)>

(title, chapter) +>

(title, section) +>
(sentence +) >

(# PCDATA)* >

(# PCDATA)x >

(3 5) DTD2 of

DID { EID | PathID Parent Children Prev Next DID |EID Content

1 1 1 NULL 2 NULL | NULL 1 1 /

1 2 2 1 3,4,7,10,13, 20 | NULL | NULL 1 2 -

1 3 3 2 NULL NULL 4 1 3 XML Database

1 4 4 2 5,6 3 7 1 4 -

i 5 S 4 NULL NULL 6 1 5 Michael

1 6 6 4 NULL 5 NULL 1 6 Johnson

1 7 4 2 8,9 4 10 1 7 -

1 8 5 7 NULL NULL 9 1 8 Michael

1 9 6 7 NULL 8 NULL 1 9 Kay

1 10 4 2 11,12 7 13 1 10 -

1 11 5 10 NULL NULL 12 1 11 Andy

1 12 6 10 NULL 11 NULL 1 12 Kay

1 13 7 2 14,15 10 20 1 13 -

i 14 8 13 NULL NULL 15 i 14 I.Introduction

i 15 9 13 16,17 14 NULL 1 15 -

1 16 10 i5 NULL NULL 17 1 16 1.1 Why XML and Databases

1 17 11 L5 18,19 16 NULL 1 17 -

1 18 12 17 NULL NULL 19 1 18 There are may reasons why we might wish to ...
1 19 12 17 NULL 18 NULL 1 19 In this book, we’ll see how XML may...
1 20 13 2 NULL 13 NULL 1 20 $22

2 1 1 NULL 2 NULL | NULL 2 1 /

2 2. 2 1 2,4,7,13 NULL | NULL 2 2 -

2 3 3 2 NULL NULL 4 2 3 XML Beginning

2 4 4 2 5,6 3 7 2 4 -

2 5 5 4 NULL NULL 6 2 5 Michael

2 6 6 4 NULL 5 NULL 2 6 Johnson

2 7 7 2 8,9 4 13 2 7 -

2 8 8 7 NULL NULL 9 2 3 1. What XML is?

2 9 9 7 10,11 8 NULL 2 9 -

2 10 10 9 NULL NULL 11 2 10 1.1 What Does This Book Cover?
2 11 11 9 12 10 NULL 2 11 -

2 12 i2 i1 NULL NULL | NULL 2 12 The Extensible Markup Language(XML) ...
2 13 13 2 NULL 7 NULL 2 13 $25

(a) Element_Info E|o| &

(32! 6) Element_Info E|0]

(b) Element_Content Hio]&
£ Element__Content E01E2] 7= 2 of
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}) Doc_Info H|°o] &

Doc_Info #le]&dd+ 37 XML #47F &=F3s& DID
¢ ID, XML #A1& T43te dHES 75 (NumEID),
AdYHE AUA] €92 EID HHNextEID), 281 XML
419 4% A H(Descript)Ee] A€ttt (I8 7)< Doc_
Info Hel &9 Z&S Ued Zlolth

DID DTDID NumEID NextEID Descript
1 20 21 bookstorel.xml
2 1 13 14 bookstore2.xml

(37 7) Doc_Info EO|E2] 7= % o

t}) DTD H ol &

DTD Hoj2& DTDID, Content, DIDList @#oz T4
#r} Contentoll = DTD wi£9|, DIDListol &= DTDE 23}
T XML #A(8)¢] DID7F AAdch XML EA45 og
Tx 718 AoE Adsty] Y3 £ =8dA= DTDY o)
A9 F e A2 ARE Path Info glo|Eel] =33}
Ao AAA o]&3t} Path_Info Hlo]E2 PathID$t Path,
ag}3 TargetEName ZARo 2 FTAHC) Patholls AE
A8} AAEY, TargetENamed & 39 429 24 o
ZHE Bo] A (2¥ 8)2 DTD #olE3% Path_Info
Hol & BFE YE Aotk

DTDID Content DIDList
1 <!ELEMENT bookstore (book)> 192
< !IELEMENT bookstore (title, -+ ’
(a) DTD Hol &
PathID Path TargetEName
1 /bookstore bookstore
2 /bookstore/book book
3 /bookstore/bookititle title
4 /bookstore/book/author author
5 /bookstore/book/author/first-name first-name
6 /bookstore/book/author/last-name last-name
7 /bookstore/book/content content
8 /bookstore/book/content/title title
9 /bookstore/book/content/chapter chapter
10 | /bookstore/book/content/chapter/title title
11 | /bookstore/book/content/chapter/section section
12 | /bookstore/book/content/chapter/section/sentence | sentence
13 | /bookstore/book/price price

(b) Path_Info H|o]&
(222l 8) DTD EHJol2x2} Path_Info EojES] Fx I o

3.3.2 XML AAH 999 #+x=
7}) View_Definition Hjo] &
View_Definition #Hl¢]&& ViewlD, ViewDef, TargetE-

PathID, CondEPathID, DTDID, NumEID, 283 NextEID
Zy oz FTAHL ViewlDIl= F2 ID7E ViewDefoll&
o] AA z7A0|, TargetEPathIDol= 53 d#HEQ] PathlD
7}, CondEPathIDell & 271 dz|HES] PathID(E)7}, DTDID
A= R FZ3H= DTDY D7 AFAdh ViewDefe] W
£ XML A2 g84e] "ok (28 9% View_Definition
geolEY F£% 2 dF Yed R2Z (29 6)Y Elem
ent_Info #°o] &3} Element_Content Hio]Eo] A& XML
FAE o2 XML 29 “/bookstore/book/author(first-
name = “Michael’T'E #3833 A7t 72 F9EAR S

Ehi gitt

1}) View_Info #lo]E, View_Content Ho] &, 181
ViewPath_Info o] &

ViewID|ViewEID| DID | EID | PathID | Parent | Children| Prev | Next
1 1 - - 1 NULL | 2,58 | NULL | NULL
1 2 1 2 2 1 3,4 | NULL 5
1 3 1 3 3 2 NULL | NULL 4
1 4 1 4 4 3 NULL 3 NULL
1 5 1 5 2 1 6,7 2 8
1 6 1 6 3 5 NULL { NULL 7
1 7 1 7 4 5 NULL 6 NULL
1 8 2 8 2 1 9,10 5 NULL
1 9 2 9 3 8 NULL | NULL 10
1 10 2 10 4 8 NULL 9 | NULL

(a) View_Info Elo] &
ViewlD ViewEID Content
1 1 /
1 2 -
1 3 Michael
1 4 Johnson
1 5 -
1 6 Michael
1 7 Kay
1 8 -
! 9 Michael
1 10 Johnson
(b) View_Content o] &
PathID Path TargetEName

1 /root root

2 /root/author -

3 /root/author/first-name Michael

4 /root/author/last-name Johnso1

(c) ViewPath_Info Hlo]&

(32! 10) View_Info ElOIE, View_Content HiO|E, 12|11
ViewPath__Info ElO|22] 7= U 0

ViewID ViewDef

TargetEPathID

CondEPathID DTDID NumEID NextEID

1 /bookstore/book/anthor/[first-name = “Michael”]

4 {5} 1 10 1

(38 9) View_Definition €082 2= & of



o

XML &R E OI28 XML 22 M2l : 82 ZHA9 28 M2l X &1t S8 627

(19 99 7 Ao 93 A44E XML AARE I
E g2 UH o View_Info Hol&3} View_Content HolE
o AAAL. View_Info BHlo]E-2 ViewlD, ViewEID, DID,
EID, PathID, Parent, Children, Prev, Next d¥do =2 FAlH
t}. ViewlDoll&= 32| ID7}, ViewEIDE ¢ d=HE?] ID
7}, DID$} EDell& Fo dHES uig== 3% XML
A del"vEe] DID$} EID7t Adrt View_Content
o] 82 ViewlD, ViewEID, Content @dd o2 FA#Ht} H
o] f2 7|9t HAE AYshr] 9% ViewPath_Info HolE
2 35 Holg g9 Path Info HolEd e F2E 2
et (28 10)@9% (23 10b)E (28 99 % Fgd
o8 BAE XML HARW(2™ 39 XML H4A7)s 44
View_ Info H|o]&3} View_Content Ho]Edl AAg BFo
t}. (29 10Xc)E ViewPath_Info Ho]E9 ®=&HS viehd
o},

4. "o 8 ¢ HY AHE

2 HgxME XML A4 Wl XML AAF7E ok
744E o, [11JA AAE AAFE ol &F 2 AY F
F F XML A4 Hg 4o Az W T dFEe] A
Afol E4E BH(FF UDMV), T4 2g O 44
Foll o doot @ AAFA EFHA g2 UEE AF
3t dlolet2RE AMste A2 £¥FE F o5& A
ks el diE Zlsdch "A, 1A AAFE 24
& ol&d 29 MY £ ZAAd A& Jedo 1
I ojE ¥ F AARG ST HolEE RF o8
A9 F39 9 7k A9 2 dE Vledd ada
XML 22 ¥84 £8 dud5e AXstz, 29 28
daeEd o8 22 A9 Ay AAFE Vet

dx FolRE W, vE o183 ¥
Ag 7bs oARE wEsta o wet i 2o XY F¥
< AAske AL, o9 ve] ZEY Ha 23 g9 ve
207 Wa 3 7Festet. [11191A

Aol gito] HE JdIUHUEE EZF dHED & o)
a.path(v.path)2 q(v)7} BAS Fo9 5 dHEZXR
g A2E Yehz o]& )Y & JdIUE R
Rat, o& E°] bookstore/book/authorlfirst - name =
“Michael']2 A8 AR v/t dvkz & o, bookstore/
book [ author/first — name = “Michael” $and$ author/last~
name = “Kay"lolgh= 29 g7} #1718 %%, vpath$} qpath
+ ZtZ} bookstore/book/author®} bookstore/book 7} B
o G4t <, pl¥ p2ote] AR vluE A3 AMRETH:
plo] p2¢ prefix9t X& A pl <, p27F AR d&
E9] q.path = bookstore/book/author©) i v.path = book-
store/book®)™, v.path <, gpathelt} <¥ 1>°lA q.con
(veon)S 54 JdEHE xE I A& JYWHEY oig
Z72¢ YeEE olE Y 5F JdHNE zHojgn
e} o, g% vel B4 dH¥E ¥& I A& Y9
Ed izt 2 HAF g AL oFE 2L Hude
H o]&dt} qceon(veon)e g4 237 dajdE =
O AE dYAUE gid 2o "E AMAE F8 con-
junctive normal form2.2 [p; $and$ p: $and$ - palF 2
o] FolFHE W o] A% (P, Py, -, PloE EHI A
o2 PiE pidlAl o] Foi U AHUUEE T £
A e fA AZ(full path)2 vHEo] FHAK=1, -,
n. 94& E9 bookstore/book/author[first—name="“Mi-
chael”12 A8 AAR v ok & u, bookstore/book
[author/ first-name = “Michael” $and$ author/last-name
= “Kay'lolghe 29} g7t 4718 44, veond qeon® 2t
Z} {bookstore/book/author/ first-name = “Michael"}3} {bo
okstore /book/author/ first - name = “Michael”, {bookstore/
book/author/ last - name = “Kay"}7} 9tk a8z 7wk g
T vl 270 HAHA &tE qecon veond FH
ol thAAE W& {111 3=,

42 78 UD+Mvel ot dSet 1 o

(1M 28N 7jed 49 Ay 78 T 73 MVl
tiate] Foixl A oot #E AAF vel A oo L
d3g e vel did 29 o'E A3 29 wg dn

& AAE B =wdAe (1A 71ed 29
Ag £33 F 2 UD+MVY A qF #d HAF vl

«E D XML AXFRE 0I88 XML 2o HMzlo| 7Y £23

z A= v.path = g.path v.path <, q.path q.path <, v.path otherwise
z7o] HAEA] . D + MV
XS AE MV MV case - 1 up
v.con = g.con MV MV Ei)sglimzf UD
v.eon C g.con MV MV UD+MV UD
EX DR RERES case - 3
v.con D qg.con [;Psg 1}/[\4/ E;)S‘: I}/I\S/ UD uD
otherwise UD UD UD UD
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<% 2> 78 UD+Mve] T 7HR| Z29| of

T %
%3 ‘ '
[cjzli)sg li/[\l] bookstore/book bookstore/book/author
UD+MV . o re . n g ”
case - 2 bookstore/book {author/first-name = “Michael "] bookstore/book/author [first-name = “Michael”]
UD + MV bookstore/book lauthor/first-name = N _ang ”
case - 3 “Mickael” $and$ author/last-name = “Kay"] bookstore/book/author [first-name = “Michael”]
UD+MV - Cwn . bookstore/book/author [first-name =
case - 4 bookstore/book/author [first-name = “Michael "] “Michael” $and$ last-name = “Kay]
UD+MV - g . bookstore/book {author/first-name =
case - 5 bookstore/book/author [first-name = “Michael "] “Michael’ $and$ author/last-name = “Kay’]
bookstore [bookstore1.xml]
|
XQL 2o 3 ~book
‘/‘—_—:—"N Price
title XML 4 Zmﬁ au\thor author ($22)
(XML Database) /\ content
/\ /\ (o)
first-name last-name first-name last-name first-name last-name
(Michael) (Johnson) (Michael) (Kay) (Andy) (Kay)
bookstore [bookstore2.xml]
|
¥
XQL He| 2 book « XMLAA H A9
. bookstore/book/autor
price «XQL 9]
title authorx ML }é (525) bookstore/book
(XML Beginning) /\
content
first-name last-name (i)
(Michael) (Johnson)
(3= 1) 5= UD+MV case-19| of
@ 4 g3 % dolg] UE Ao PoR BT EF FARE 402 1 Add AHE Mn =9
FneEe ANB oF da <E old ded weh (29 10 A8 89 @1 2 w59,
Zol 29 4922 HAE 78 UD+MVE 229 =4 (28 12)= T°r UD+MVe] oA 74 7§ F case-3
¢ FEo] mgt oA MR 9 HASE UrdTh ol He 9 4% "o L?‘ﬂ%ﬂ Aeltt. bookstore/book’author
W3 B3 Al gA 71K A7 A2 o2 g Ao | lfirst-name = “Michael’l2 99 AAF vt vtz &
3 AxE a2 37] gFEoltt <F 2> 8 UD+MV u), bookstore/booklauthor/first-name = “Michael” $and$
o oA 7HR ASel B EHE dE HE FY o AR author/last-name = “Kay"lolgb= A9 g7} AVE A=
vE TR ‘*}E}”“ Rol}, A v.econ C geond gpath <, vpath7} w&gch 2 g9
(2" 1D #38 UD+MVY X 7R 49 F case-1 A% F 57t vo] 48 & AP A HEY K
9 oF a1gdoz L}E}kﬂ Aot} bookstore/book/author® . g UD+MV=ZE A 7V53lt} v bookstore AE HEQ
A" AAH vl ddn & u)) bookstore/booko) Bt 2k ¢l book AHHESL A2 F author AYHREHZ BF
a9 g7t A718 BEEA Adoet AAF E vhel] 7o AAsts 224 first-name YBHE ghol “Michael’d A
HAHA ¢ow qpath <, vpath7t #EET & g9 2 g gAse g 1 AR HgHE B EfE (2
7t vel &g ds 2oz o A F 53 UD+ g 12) €2 29 d9o2 FASEY. &8, qf book
MVE A& 7bs3tty. v bookstore AEHEL A2 A store VBUES z4] AHHE T book ATHEE 2F
YHUER] book dTWES A2 AHUE F author A AAstE A4 author AZ|WESY &2 first-neme 4
HEZ 2% ZAAste 202 1 A HEHE A8 E HE gto] “Michgel” 0|3l AR last-name BYHE Fk
98 (19 1D 9e 39 990z EASAUT. B8, q o “Ko'd A% AdsE Aoz 1 An AFehe A
T bookstore AR ES] A4 dYHE T book AYHE B EYE (29 120 Jg T9 o2 BAA



XML ZXRE Of

bookstore

B8 XML 29l Me) -

B2 EeiMo)

A
e
>t
o

0
[N
=
om
ot
(o))
Ny
O

[bookstoret.xml]

boak

XML & H 8

v\\

title author author author content ;;'Ze
(XML Database) /\ /\ /\ !\ )
first-name last-name first-name last-name| first-name last-name  title
(Michael) (Johnson) (Michael)  (Kay) (Andy) (Kay) (1 Introdactzon)
bookstore [bookstore2.xml]
| XML &X 8 &
book bookstore/book/author
[first-name = “Michael”]
7
title author XML &R 7 content  price ‘;(Q]]: Q’Cﬂ/b K{author/
(XML Beginni ($25) ookstore/book[author;
eginning) first-name = “Michael” $and$
first-name  last-name fitle author/last-name = “Kay”]
(Michael) (Johnson) (1. What...)
(38 12) 78 UD+MV case-32] of
43 o] 28 A1 E = <X 3>3% 2ol

<E 1>AA 71&e nie} gol Folx XML A2 FH2
q% 19 A XML AAH v} FolHH vE 0] 43 g

d Aol 53¢ AT ¢ Y B AN o A9 A
g #3 F 48 UD+MVE 919 4o $BS Faate @

18]% Decompose_Path_Expression( )& AI¢HgcH 1 13).

Decompose_Path_Expression(v, a, q’, q") {

/% XML AR A

XML BE F84)

dvell Uik XML A2 2384

DEHE XML EAd Wit XML A2 ¥34

Q00 <

/+ UD + MV case -1, 2, 3 %/
if ((q path <p v.path) AND (v.con < q.con)) {
q' =%/ "+ velem + filter(and(q.con - v.con))
" +d_path(v, qlevel).path + filter (and (q.con))
}

q'=q+"\"
/x UD + MV case-4 %/
else if ((q.path = v.path) AND (q.con € v.con)) {
q =“/"+velem
q" = g.path + filter(and(q.con U {not(and(v.con-q.con))}})

/¥ UD + MV case - 5 */
else if ((v.path < , q.path) AND (q.con C v.con)) {
q' = "/" + velem + d_path (q, v.level).path
+ filter (and (q.con))
q" = v.path + filter(not(and(v.con))) + d_path (q, v.level)

= refine_query (q')
q" = refine_query (q")

(3% 13) XML H#2 m3A gTe|E

Decompose_Path_Expression()2 74zt oo} AAFE
Aeldhs 2 YA g vE A Lol 49 BES 7Y
3to], voll g B2 BdY '3 st diojge] gd A=
Y "¢ HEIY. guFolr AHEE E7](notation)

<E& 39 %7] & gelem glevele the-7} o] Aojgt)

> gelem(velem) : 42 q9 54 dgdE
- glevel(vlievel) : 22 qo #4d oz FE 4dzd
ERREH 24 dAAHERRAY 3T £ EY &9

A E9, g7} bookstore/book/author [first-name="“Mi-
chael”1Yd 7%~ qeleme authorol i qlevele 30|t} w3
_path(p, D3 d_path(p, D& AZ pE Y g 1L 7E2

=2 Haslg e u AV 2A A2 A& HAZE vzt
veldich o1& o, B2 bookstore/book/authorlfirst-
name = “Michael’]& d¥ 2004 2&3hd 24 Z2E book
store/book®) Hi, A& BEE Jauthorfirst -name = “Mi-
chael’}7} At} ¥ 3elM REsE 24 A2 999
AE O Z bookstore/ book/authorlfirst-name = “Michael”]
o] Ha, A& A 2E NULLo] dth
B =FdAE XML 29 HEE A8 A9 AR\
XML A= 8249 dAz F71std, A9 dix)
= A9 Azt o} %] dEHEE X¥EE MH EFE
HAAeA Adstete gulE zten. 48 Eof, bookstore/
book\authora}" EEES dgHES] =4
2 book AYHEZ 7&"—‘.“3}54 a Z}*“’L author AHUE
A4 AadA AYEs o

<E 39 BV F refme_path(q)% 42 284 qillA 9

52 dEWE HRe A AdUE zHY AR F FH

T R8-S AAEY A& B9 g7t baokstore/book/author
(bookstore/book/author/first-name = “Michael”’1°1%, refine_
path(q)= bookstore/book/author first-name = “Michael”1<
83 v.eon® qeond FE HAAA TE AN A
2 3842 g9 222 vy) gie] o] 2ol jh=A
Ja3th). % refine_path(q)= 242 X34 gFo V'
7 dEHA HAEHY Ag ARE, V) VE 2B

¥ m\m

o
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(E 3> E7|(notation)

E 7 4 d
not{con) conjunctive normal formo 2 JeEl® 24 enf7b NULLO|®H NULLE wtg 3}'7 ofd AL “{$not$ (enf)}" S HEE-3d.
B2 dejHE 27 conol FIFOIW NULLS whgats, {P}e]d P& dstatn, {P1, -, Pn}¥ 2 “Pl $and$--
and(con) $and$ Pn"g MEe
filter(cnf) conjunctive normal form®.2 el £A cnf’} NULLO|® NULLE #@sta, old A% “(enfl"E wEHgch
q.path AR R84 qf 24 JdEdE A2
a.con AE %384 ¢ 53 ddE =3
qlevel B2 EEY qo #E
g.elem A2 384 q9 24 dydE
a_path (p, ) AZ pE Hd B 1§ VIEoR 28 2N A2
d_path (p, 1) ZE pg A4 g 12 71EoR B8 A& AR
refine_query (g) A2 B84 oA FE 82 5¢ AA
t} 9= a7} bookstore/book\author ©|'8, refine_path 44 28rE Eolo| Xz
(@& bookstore/book\authorg (A2 2gd 9 Ao qF 4334 AFF dY '3 o2 2EIHE

8 FHU A& ArE V2 AN g o
B a3,

Aol u, ome AYsE FA(F, XML AF4 U9 dPvE
42 HH)e ted 2k

Decompose_Path_Expression( )¥ th&3 o] #AF 3t}

WA, DTDE #%39 q9% vEFE qpath, qcon, v.path, 4.4.1 35 dlojete] A& q” A #HA
veong TE T o5 7he] HEE FF <X >AA A @© 23 dYUE B} =4 BF 9F v
& A9 X 8 F 8 UD+MVY tA 714 23S HA, ' AHE AdMdE =20 dUWES] Element_
Zro] Retee Ao W Fysto o'F 'S LT Info Elo]& W %ilg gt o, 27 dEHE i
ol BAE ¢'F 'S WALE refine_query( )= FHE AH27t e el B T HAE A4 e T
E 84E AAstd AT gHE o'F & LIS 5 Aok 2y Ad 7t ﬂ% ol = 35 XML &4 A
£ g dAHEE Ueds 98 ZFE(91E2 qcon g AA%q 270 dHTUESY HAE Folo} ¥ F 3}
% veon2 25 H EEd AWE o' ¢"9 54 IHUE ¥ XML A4 Zze] $E JdeUERFH 98 JR(F
AR o)Fo A& BEE UFsT, xﬂ?% A B2 331494 d9e A2 HE F, Parent, Children, Next,
AL A% BAEY g 7 V) A kAt Prev $)& ©1 83t £71 AHEE Fevh A4dE 22
Iz g dIRET} A 2h 2P g s §ME
<E 2>0lA eAF f¥ UD+MVe o3l -9l dis) Element_Content Hlo]& U] 33 dAz|HES Content7} e
Decompose_Path_Expression()& #-83d& 2§ wEd & mEFE 22 ulzsel stk AM 2AL TEHE

E g q"e <FE 49 2k

el
27 dYHEZ xFE XML 47 A4 didol fdr/}.

222 Decompose_Path_Expression( }¢] A58 ol
A A9 g7b dTehe XML #A9k B AAF vE =2 @ =4 ddE 24
3 XML #A4Ec¢] #438= DID EdY ol o 4 24 AHEE 27| 95 A7) O 24 dYWE A

AHE & DID E&9 ¥o|& hetd W, q(v).path$t
av).congl 7, olF Y] HlE, 11 o AR £¥ F

S 53 q'3 g"9 A9 BRr= Oh)olt}

43 Az, 25 AzHed Wi Adazt 3l
delt e Ba 9AE 47 etk 2 A
7 ogle Wl WA, 24 ddwWEst Tdd XML &

> mo i

CE & <E 29 78 UD+Mvel T 29 ofjolf Chiet Zeo| Hat Ha}

& 3 ,
RS 4

UD + MV case-1 | /author

bookstore [ book \ author

UD + MV case~2 | /author

bookstore / book [author/ first-name = “Michael’] \ author [first-name = “Michael”)

UD + MV case-3 | /author Uast-name = “Kay"]

bookstore / book lauthor/ first-name = “Michael” $and$ author/ last-name =
“Kay"] \ author [first - name = “Michael” $and$ last-name = “Kay’]

UD +MV case-4 | /author

bookstore / book /author [first-name = “Michael” $and$ $not$ (last-name = “Kay")]

UD +MV case-5 | /book/author {first-name = “Michael”]

bookstore / book [$not$(author/ first-name = “Michael” $and$ author / last -
name = “Kay”)]/author{first-name = “Michael”]




XML 2RIFE O

(a) case-1,2,3 (b) case—4 (c) case-b
(32 14) 78 UD+Mvel O 7| Ao &o| A3 £ 78
A9 FE AFHEIL Element_Info ElolE Wl ojtjd ¢ Yepd Aotk A AT W82 A AAz AAg A
A=A E Zeth a93 gAE FE JdYHERREH 9 H EfES FE JdYUHUHEE F& 302 (¥ 14dAME
4 HARE o] &ty HA JdUHUEE F=h AV Q9 = AP (A2 YERAY XML A2 S3849 Axsa
2 dYHE HA fHA B4 dYHUEV € F e Aol digk A8 g 79} 3R H]OIE}] g de ¢
dYHEEH duEY] AAHL = dUHEI} HA 279 E¢oz TAET (0¥ 146 e FY o 2HE
27& WEE devt 7hEdty] W)y AXE B A% 22 29 99e=2 9591, F9 " 4R E AH &9
& sHE XML &4 g A2 £8 9 + vk 1+ dgog FHIA HAFE 3 dolgdA =53 A
Yool 27 dYHUES B4 dAUEE HAsr] A F+ ol7] Wil Ao ¢ Aot A9 ¢ AT ZE SE 4
el FAlol7] wEd B =RdAME @ dydeE olete] XML A4 Y % 3 A2 & XML XY F
23 dadEe A #AAHL o] mEsig) E gtk (29 14)0A AAd-e olFAYU XML A gk

® %38 (traverse)2 3 A7) davE =2z

Element_Info Hol& W} 53 dHUEE Axozw A7
HEE of&std £3stHA A3 dYHEY 72 HFHE
Element_Info glo]&4], W& AX+= Element_Content H|
ojEdA FETT

4.4.2 XML AAF] tg o 2z 734

4, 'Y A JaAME AAHE H2op k=),
ol 44149 315 dlojet] digk Ho A HHH 7Y
stk o, XML AA% 99os 7 Ao o ddxg
AFsA 7] gEA 271 dvES} £33 dWE 7
AA FE JdHYHERFE d4 HHE o|43ld e}
€ Aol 35 dlojetel Mo A He| HAH fold Hol
ok XML AARY g A4 B8 d¥-& Fo47 49 2
Tol dRZ AE(F, q'Y ABRE AMF] e A
AR dado] FAFH ok gt B w=EAME (10114
AAE 5 XML £49 Bd%‘:; AAFA HFH 2
2 A d(deferred) W43t 71H S AMEFITH

5 Fo #dn %

2 AollMe 4380A 71ed A9 £ dugFd o
El *3”%1 A9 q'# q"& AP F oy ZAE FH
ah= H*‘ﬁ"ﬂ el Zledoh WA, 2o A3 T3 i

9 27 o s, A9 A% FP A dag
ze 7e9d,

51 xlo| 74]l_|. Eol-o| Trbc-: L= =1

0T
(28 14 <E 1>9 XML 29 A8 53 F #9
+ MVl oAl kX A9 dig deo Hae] T3 K

S

& O

AAXAE e, HAe 9 XML A6 oig FAA
< Ve (29 14@E F9 8 UD+MVY case-l,
2, 3l AFste AL-ERA Ao g AUt A9 ¢ AT
AR EE ofE A& Yehd ot} ofu), A9 ¢ &
o} Ao " Are T4 XML EME gies o
(28 14b)e 29 #+8 UD+MVE case-49 333t
AEEA A9 q A9 29 ¢ AHdE L XML £
AE didez sdxd Ao Asxtd u3 FE dHEl
AE Edrl do (¥ 14e)E 29 8 UD+MVY
case-59 MBIt BEA FY o AFe He ¢ AT
T AE 9E XML BA4E ddoR e Fe9 A
g FE delded NH 287 g

(19 15)= (3¥ 11D)9 $8 UD+MV case-19] 2o
oo thall 48l AAT XML A2 5 3 <&
&S HE3t £8d 29 g ZFoe A9 ¢ FH, 2
g ojgo] B3d A9 g AFE a2 Yehd Aol
o 4o An B¢ (¥ 4@ 2o 29 q d3e
FE dHEES AT A4 dydEE A9 ¢ A
9] book dBHES MH EE o|Fo] F Ho g AT
£ AAste AAHLR ojFojzin,

(19 1602 (Z2¥ 129 &% UD+MV case-39 Z¢9
oo dist A7 F3-& 2¥oZ veld Aotk He Hy
THe (29 1)@ Zo] 49 ¢ Ao RFE dWE
E AF A4 dHES] He q" A book A
Eo] Au EE o]Fo] HF A9 g 2FHE A3
Fog olFojzin},

HL

52 Ee| A3} 58 LnaF

(29 1NL A9 ¢ A9 29 ¢ Axtel 55 <z
F€ veliz Stk F9 f 2FHE Ry, 29 " AR
Reztz & o, A9 AHa f8el vl integrate() =
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CERE-T 4 LT /
author author author author book book
/\ /\ /\ /\\
first-name last-name first-name last-name first-name last-name first-name last-name title price title price

(Michael) (Johnson) (Michael) (Kay) (Andy) (Kay) (Michael)  (Johnson) (XML Database) (822) (XML Beginning) (§25)

a

book book
title author author author price title author price
(XML Database)% /\ /\ (322) (XML Beginning) /\ (825)
first-name last-name first-name last-name first-name last-name first-name last-name
(Michael) (Johnson) (Michael) (Kay) (Andy) (Kay) (Michael) (Johnson)

(32 15) 78 UD+MV case-19f &z Egt o

= q'%ﬂi//\ melezn i I

book
author author

N\ O

first-name last-name first-name last-name
(Michael) (Johnson) (Michael) (Kay)

title author 1’3’ ;‘;
(XML Database) (522)

first-name last-name
\_ (ndy)  (Kap )

title author author author price

(XML Database) /\ /\ /\ (822)

first-name last-name first-name last-name first-name last-name
(Michael) (Johnson) (Michael) (Kay) (Andy) (Kay)

(38 16) 78 UD+MV case-32] @t £5t o

2y 5¢ 4A4ES #Pd. T¢stuA e 2% A9 B old XML &M<l A& EAEY A% FEAE vk
(o]}, 23 A8} BT EF 39y FE JdWEE e =9 XML M9 H$ “SAME™E, o)d XML ¥4 4
XML #4997 vz @ o, integrate( )& YhEH 29| 4 “DIFF"& *}%3}‘4 subtreeQE FE JdYUEL A9
TA A t* AB EgE vehdth UD+MV case-4, 59 A$-ol+=
integrate( )= 23 A9l BE (2% 149 2% 5% #3 A3 BY Wge] 27 AY FE AYHE ol F71H
o wat BFste ¥ndEeR FAd Ad ZA B W& 2k UD +MV case-1, 2, 39 A$de 23 BY g9
& ZrletE AYS 33t integrate( ) A A 2z} A3 A9 q".d_path(v, glevel-1).pathel FHE dHE
= 5gstaa A AS ey, F s A A% A Q) o}ge 7 gtk (2% 159 A% q'.d_pathlv, qlevel
9 E¢snx st A B W4, & FE JdHUHES -1).path2 book®] Ho R¢9 book AHAE olefo] FE
A HEREES et A ¥A AdxE A% B § ANHEE AT Red W&ol F7HErh £ UD+MV
g A3 CE viehdrh v WA A 27 BY W&E& case-1, 2, 3, 49 7%t “SAME’°|gte A AAE o

271e7) 918 A7 A9 AAE Uehe, A A A% el Az SN 2L XML EAGA £29 2T F
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Integrate_Result(Rq, Rq ) {

/% Ry ARl o F9 q'9 result set
Ry @ 8- vloetol tidt A9l ¢"¢) result set
#/

Rq = init_resultset( ) /* 2] g9 result set %7]8h)

if (UD+MV case-1, 2, 3)

integrate (Ry, subtree(Ry, /' ), Rq, Ro.dpathtv, alevel-1)path,
SAME)

if (UD+ MV case-4)
integrate(Rq, subtree(Ry, /), Rq, /', SAME)

if (UD+MV case-5)
integrate(Ryr, subtreeRy, /7 ), Ry, /', DIFF)

Rq 1= refine_result(Rq)

return(Rg)
}

integrate (A, B, C, Path, Flag)
/% A, B, C:result setd ¥AEZ A%t BE E¢sio] 47 C8 944
Path : B& Al S&A1717] 943 A9 9%
Flag : ¢4 A%} B7} §¢9 XML 49 =, o|d XML 491 A& HA)

Ra := fetch (A [i++])
Ry = fetch (B [j++])

if (Flag = DIFF) { /x ol XML €41 A% +/

do { /% A Y& Col BF AF %/
write (Clk++], Ra)
Ra = fetch (Ali++])

}while (‘end_of A)

do { /* B W&& Coll 2% A +/
write (Clk++], Ry}

Ry := fetch (B [j++])
}while (‘end_of B)

)
else { /x L XML MY 38 +/
do {
if (Path_Info[R,PathID).Path = Path) /* & $1x AAk/
merge(A, B, C, Ry, Ry, &, &j, &) /+ EF +/

write (C[k++], Ra)
Ra = fetch (A [i++])

}while (lend_of A)

if (fend_of B) { /* B U A &L Boll A%/
Rb := fetch (B[§++])
do {

write (C [k++], Ry)
Ry := fetch (B [j++])
}while (lend_of B)
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