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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.
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<IELEMENT bookstore (book) >
<!ELEMENT book (title, author +, content, price) >
(

<IELEMENT title # PCDATA)>
<!ELEMENT author (first-name, last-name)>
<!ELEMENT first-name (# PCDATA)Y>
<!ELEMENT last-name (# PCDATA)>

<!ELEMENT content

<!ELEMENT chapter

<!ELEMENT section

<!ELEMENT sentence
<!ELEMENT nprice

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

(# PCDATA)* >
(# PCDATA)* >
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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 i 3 XML Database

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

1 5 5 4 NULL NULL 6 1 S Michael

1 6 6 4 NULL S NULL 1 [ Johnson

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

1 3 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 i1 Andy

1 12 6 10 NULL 11 NULL 1 12 Kay

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

1 14 8 13 NULL NULL & 1 14 1.Introduction

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

1 16 10 15 NULL NULL 17 1 16 1.1 Why XML and Databases

1 17 11 15 18,19 16 NULL 1 17 -

1 18 12 17 NULL NULL 19 1 18 There are may reasons why we might wish to ...
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2 3 3 2 NULL NULL 4 2 3 XML Beginning
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2 5 5 4 NULL NULL 6 2 5 Michael

2 [ 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 8 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 12 il NULL NULL | NULL 2 12 The Extensible Markup Language(XML) ...
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DID DTDID NumEID NextEID Descript
1 1 20 21 bookstorel.xml
2 1 13 14 bookstoreZ.xml
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<!ELEMENT bookstore (title, - '
ViewlD ViewEID Content
(a) DTD Hlo]& 1 | '
1 2
PathID Path TargetEName 1 3 Michael
1 /bookstore bookstore 1 4 Johnson
2 /bookstore/book book 1 5
3 /bookstore/book/title title 1 6 Michael
4 /bookstore/book/author author
5 /bookstore/book/author/first-name first-name 1 7 Kay
6 /bookstore/book/author/last-name last-name 1 8
7 /bookstore/book/content content 1 9 Michael
8 /bookstore/book/content/title title 1 10 Johnson
9 /bookstore/book/content/chapter chapter
10 | /bookstore/book/content/chapter/title title (b) View_Content Hjo}&-
11 /bookstore/book/content/chapter/section section
12 | /bookstore/book/content/chapter/section/sentence | sentence PathID Path TargetEName
13 | /bookstore/book/price price 1 Jroot oot
(b) Path_nfo ©o] 2 2 /root/author
ath_Info = 3 /root/author/first -name Michael
(32 8) DTD Hol&= Path__info ElOjge] 7= L o 4 /root/author/last-name Johnson
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71 View_Definition Hjo]&
View_Definition H©]E2 ViewlD, ViewDef, TargetE-

(c) ViewPath_Info ®lo]&

(3% 10) View_Info HIO|&, View__Content Ef0|&, 2|11
ViewPath__Info EH[O[89 T & of

ViewID ViewDef

TargetEPathID

CondEPathID DTDID NumEID NextEID

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

4 {5} 1 10 11

(32! 9) View_Definition Elo|22 = & of



XML 2HIRS 0183 XML 2ol M2l : ¥2 iAo 28 M2l ¥ 1 &8 627

(29 99 & Ao 9& A4E XML A HE dd
E d92 o] View_ Info Ble]E3} View_Content Hlo|&
o AZEch View_Info Elo]Ee ViewlD, ViewEID, DID,
EID, PathID, Parent, Children, Prev, Next Z@ oz JA®
t}. ViewlDdll = H<] D7}, ViewEIDE H¢] dlgjeiEe] D
7L, DID$} EIDell= ¢ dHES njgs:= 3% XML
A4 dEHUES DIDS} EID7F AF ¥k View_Content ©l
o] &< ViewlD, ViewEID, Content @& o2 JAHL) &

o FZ 7lvk AL #4517 9% ViewPath_Info H o]
& 8% dojg 99 PathInfo Hol&3} ge 728 2
= (29 10@% (28 100 (28 99 F A

o3 448 XML AAFH(2Y 3)8 XML AAH)E 7z}
View_ Info H|o] &3} View_Content Ho]Eo] H&g 2o
ot (29 10)(c)= ViewPath_Info Elo]29] R&S byl
Zolt},

4. Fol 28 « o A7

£ HoM= XML H%Z2 e XML 2A%7F ok
HAE o, [11]A AME dA7E ]8T Ao A §
¥ 7 XML #Ae tig do] Aol g F UREo] 2
Ml EAE 4(F3 UD+MV), Foid g @ 44
ol dig deojet @ dAFel TEHA &2 fES FH
g4 dolg25E HAde AR $HF F olEL A
3= el disf 71 9A, (1A AAE 24
& ol8% Fo A2 /¥ FA di et 1y
I olg 7Y T AAAS g cdojEE BF olfd:
A9 frd9 O 7HA Aeg 2 4§ 71gdd. aEa
XML 72 ¥4 £8 dndF& AXsz, do 2
daeFol o £ Ao A FHE /&

41 A RE ol88 Ee XMale| 78 &Y

XML 29] g A7 v7F T3 E o, vE o] &3 ¢
el 7t oRE wdsa oo g fg 2o HE /¥
& AAsE AL, g ve A=27e] ¥m 21 g9} vel
Z13Y aE F8 7Hssich [l E XML AARE
o] 8¢ XML A9 A9 f3& AAsE= WYS <H 1>
7} o] A|Alskgich

«(E 1) XML AHFE 0

dol9] tiide] =i dUEE 23 dvEd & o,
a.path(v.path)Z q(v)7} HA§ 2eje] =7 dajdEnz
o] A2E Yehfia o]F q(v)e] 24 AgWE AHugn
e dE B9 bookstore/ book/ author [ first - name =
“Michael'|2 A9 AAF v7} gz & o, bookstore/
book [ author / first - name = “Michael " $and$ author/last-
name =“Kay"]°|g}= 22| g7} 719 7%, vpath$} qpath
© A7} bookstore/book /author$} bookstore/book 7t %
o A <p= pl¥ p2¢te] HE vuE 9j8 AHgHr):
plo] p2¢] prefixet AT 2% pl <, p27} AHE} o8
E°] q.path = bookstore/book/author®) i. v.path = book-
store/book®| ™, v.path <, qpathe]t). <& 1>94 q.con
(veon) 5% d9E T I a& dded dig
Z23& Yehlha olF q(v)9 53 AWPE Aoz
80 o, q% vol 53 dYE E: 1 ¢ dd
Ed dig =38 HA7 d& A ol AL ®ude
d o] &%} qceonl(v.eon)2 glv)olA] 27 deve =
I AL dYEd g zdo] "Wy d4AE F4 con-
junctive normal form2.& [p; $and$ pr $and$ - p.l3t 2
o] Fo{ZHE u °o|& HAF (P, Py, -, Pi}o2 HHE A
o2 PiE piodlA Z2¥e] Folz g dAUEE I &
A 9] kA ZAZ(full path)® vhitoe] FdEAHI=1, -,
n). dE& E° bookstore/book/author|first - name="Mi-
chael12 #eld AAN v7t kil & °, bookstore/book
lauthor/ first-name = “Michael” $and$ author/last-name
="Kay'lolgt= 49 g7} A7l1E€ 4%, veondt geond Z}
7} {bookstore/book/author/ first-name = “Michael "} {bo
okstore /book/author/ first - name = “Michael”, {bookstore/
book/author/ last - name = “Kay"}7} €t} 28]z W g

= vl 2390 HAEA Ztthd qeon? v.eond FF
go] Brh(A A W& [11]1& =),

42 78 UDMvel CiM Z<2t 1 of

[1]elM & 2804 71€d 29 A /8 F 73 MVel
gt Foj Ao o A AAF vol ddl g TG
AWE de vol i A9 g'E HAsHE W HE du

F& AANEET # =EdAe (1A 71ed 49
Ag F#8 T £¥ UD+MVe] Aol g2 &E HARF vol

S8t XML &2 2|2 7E &F

N v.path = g.path v.path <, q.path g.path <, v.path otherwise

Fo] FAlH 7] - " _ UD+MV.
2o 4% MY il case - 1 kb
v.con = g.con MV MV et UD

paease - 3¢
v.con © g.con MV MV i UD+My UD

z30] PAE 4% case - 3
v.con O q.con UD+ MY« UD MY uD uD

Logase =4 case -5 I °

otherwise uD . UD UuD UD




628 HEME|SE =X D M10-DF H4%(20038)

(B 2 78 UD+Mvel C 7tX] Z92f o

*
% 8 3 . y

EES; E’IY bookstore/book bookstore/book/author

UD+MV _ s - N i

pemiin i bookstore/book lauthor/first-name = “Michael "] bookstore/book/author [first-name = “Michael"

UD+MV bookstore/book |author/first-name = - ¥
bookstore/book/auth t- = “Michael

case - 3 “Michael” $and$ author/last-name = “Kay"] sl aiesi. Aain . )

UD +MV i " bookstore/book/author [first-name =

case - 4 bookstore/book/author [first-name = “Michael "] “Michael” $and$ last- - “Kay']

UD +MV 2o S S bookstore/book [author/first-name =

i bookstore/book/author [first-name = “Michael "] “Michael"” $and$ author/last-name = “Kay")

bookstore

'XML o 7

auﬂlér

~_ author

[bookstore1.xml]

first-name last-name first-name last-name first-name last-name

(Michael) (Johnson) (Michael)

(Kay)  (Andy)  (Kay) S50

bookstore

first-name
(Michael)

(22 11)

3 2ol ' &% dolele] i Ao "o FHIH=
dngEFS AT ol& 8] <E 1>oA vebdl upe}
#o] 29 99e2 FAE % UD+MVE 4= &4
o] T we} A 7ix e A4z bl ol A9
W 3y A oA 1A A4 MR 08 e Ao W
& A2 gew dr] wEolt) <¥ 2>& F¥ UD+MV
o] oA 712 ASo HFEE AE AR F9 g9 AAH
vE FEate] Yebd Aol

(g 1D #2 UD+MVe oAl 712 2§ F case-l
o] & age=z el sleoltt bookstore/book/author® .
Aeolgl AAH vzl Atk @ wl, bookstore/booke] 2=
Ae] g7} A7 A5-2A deolst HAlF F v ZHo
wA|5]7] ken gpath <, vpath7} B5HL & g9 4
#H7} vo] &S &d3] xEFos A9 Ay #F UD+
MVZ Az 7bsslith, v bookstore ATHES] 244 4
B WES book AANESL] A2 APE F aquthor A
WES 25 A= Aoz 1 Add FHIEHE AH E
28 (29 1) €& &9 99z E*lﬁ}ﬁ‘:} g, q
= bookstore AE|HES] 24 WYUE F book LEUE

[bookstore2.xml]

XMLAA # A9
bookstore/book/autor
XQL #He9
bookstore/book

kﬁi-f"lg:ii;u
(Johnson)

28 UD+MV case-12| o

g 2% AAstE Aor 1 Fijd dFEs AR EfE
(g 1D A7 &9 9oz FAS%H
(2 12+ 49 UD+MVE ol 742 2 $ 5 case-3

o] g agez vebd Zeldh. bookstore/book/author
[first-name = “Michael']l2 A€ AAw v7b Ao &
u), bookstore/booklauthor/first-name = “"Michael” $and$
author/last-name = “Kay"]°12}= 29 g7t #A7ld ZA5=
A wv.con C qcon®} qpath<, vpath7} 958k & g9
A7 F A8 vel A Ul dHFeR H9 ﬂiq S
3 UD+MVE A2 7bsslth. vie bookstore A|HEZQ]
229l book dAANES A4 F quthor JHUHEE BF
AMetE 249 first-name AEAE ghol “Michael"?l A
ut AMsle Ao O A ddHE ME EfE (2
d 129¢d 92 29 94doz FAEET I, g book
store DEHNES] =4 dA2|HE F book ATUEE EF
ﬁ'ﬂﬁlil 248l quthor dAz]HES] =249l ﬁrst*name g
2 HE gko] “Michael’o) 1 A42Ql last-name AEWE gk
o] “Kay"dl Zw AMsle Aoz o Ao siFste Al
H EZE (29 129 A% &9 o= FASAL



XML 2HRE

bookstore

0188 XML 2ol Me|: #=2

[bookstore1.xml]

bookstore  [bookstore2.xml]

book

title a7

author
(XML Beginning) e
_ (Michael)  (Johnson)

(2% 12)

43 He| 28 ¢n2|F

<& 1>9A 71=% vie} Zo] Fojz XML HE Z84
q¢t 1o AdE XML HAF vz} Fo4AH vE o] £3 g
o] Az F8E 24 5 Uk B oM o5 F9 A
g 78 T 73 UD+MVE 98 Ao 282 s ¢
112]% Decompose_Path_Expression( )& #|¢Hsith2d 13),

Decompose_Path_Expression(v, g, @', q”) {

/& v (XML AFAE AY

q ‘XML A& ##4

q el o XML 2 384

q": 85 XML A4 oigd XML A2 84
*/

/x UD + MV case -1, 2, 3 +/
if ((g.path <; v.path) AND (v.con < q.con)) {
q’' = "+ velem + filter(and(q.con - v.con))
q” = q+"\ " +d_path(v, glevel).path + filter (and (g.con))
I

/¥ UD + MV case-4 */
else if ((qpath = v.path) AND (q.con  v.con)) {
q' ="/ "+velem
q" = qg.path + filter(and(g.con U{not(and(v.con-q.con))}))

/* UD + MV case - 5 */
else if ((v.path < , q.path) AND (g.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 (g, v.level)
)

q" := refine_query (q)
q" = refine_query (q")

(J% 13) XML Z=2 =84 ¢12|E

Decompose_Path_Expression()-2 z}zt #deojg} A&
Aoste A Bd4 g8 vE Yol Do B2 £3
gto], voll e A2 FHA q'7 s dlojele] i A=
REHY ¢ g, dagFolA AHEE 7| (notation)

/’7\

content  price *XQL Z2|

(1. What...)

o XML &l 7 FHol
bookstore/book/author
[first-name = “Michael]

bookstore/book[author/
first-name = “Michael” $and$
author/last-name = “Kay™]

F& UD+MV case-32| of

= <#E 3>3 goHi1l
<3 3>9 ®7] F qelem gleveld &3} o] Ao)Fr}

* gelem(v.elem) : 42 q¢ =3 dyE
s glevel(vlievel) : 2 ¢ ¥ goz FE oy
EzRH 2 AdUEZA9 g FA EF9 o

o & £9f, g7t bookstore/book/author [first-name="Mi-
chael”l¥ 749, qeleme authorc’]_nq qlevel& 3o]u} =FH
a_path(p, )3} d_path(p, & A2 pE 99 & 12 7172
2 2¥s%e | AE }-’é} Azl 2AE AH2g g7
Yeldh olE Eo|, HAE bookstore/book/authorlfirst -
name = “Michael'1& 2 204 E&ad 24 A2 book
store/book®] ¥, 244> A2 fauthor(first-name = “Mi-
chael’]7} gt} @4 3oM e =4 Az 499
AR W E bookstore/ book/authorlfirst-name = “Michael”]
o] ¥, A& A ZE NULLe] #rh

2 =EdAME XML do Has 93 A9 AAAC\)
& XML 42 @49 a4z Frrstgut A9 dakat
= A9l datal olfe] dYWEE el HH EfE
A A A Letets v 2 ZHer) o F £of, bookstore/
bookh\authorgt= 42 HE#4-& bookstore U] HE] =} 4
¢! book WE|UNEE HAsE 1 2492 author deNE
= 34 A4 AL ge ou g

<H 3>9 HJ] % refine_path(q)i= A2 EF4 qo) 49
53 JdeWE A9 53 duHE 2de AR F FE
= B2 AAZ ol& 9 g7t bookstore/book/author
[bookstore/book/author/first-name = “Michael"1°]™8, refine_
path(q)+= bookstore/book/author| first-name = “Michael”1-
gk gtk (v.econ®} qeond 9 Aol A HE datzte] A
B AL 9d ZHEZE vy gFo o] Fo] W=
Aasit}), %3 refine path(q)s A& Fd4 gFd ¢
Y AL gAEe e AH(F, V) VR gl
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(I 3y E7|(notation)

A 4 H
not(con) conjunctive normal form©.2 Vb 27 cnf7b NULLe|'™ NULLE #@tetil, obd B4 “{Snot$ (cnf))"& WHEHE.
27 dzHEe A cono] FAFIH NULLS #h@alm, {Plo|d PE w#tstm, (Pl -, Pn}Y 3% “Pl $and$-
- Sand$ Pn"% Wk
filter(cnf) conjunctive normal form2 2 UEbd 2 cnf7} NULLel® NULLE #&3tn, obd Z§ “lenf]"S WS
q.path A2 B34 qf 53 dYvE H=
q.con AR ®¥d84 qf %3 devE 24
qlevel AR ¥4 o H4d
q.elem A2 B84 g9 27 dRE
a_path (p, D A2 pE dd 1S 7FoE B8N 24 AR
d_path (p, D) AEZ pE dW 12 ELE FEA A& FR
refine_query (g) AZ BdY gold 55 24 52 AA

t}. o8 Eo] q7} bookstore/book\author ©1%, refine_path
(@)% bookstore/book\authorZ WHEFTHAZ ] 9
#H AR A& AZE V2 AFE] gEed o] #Q]e
g a s},

Decompose_Path_Expression( )& th&3 o] FF3l
MA, DTDE #=z3o q¢ vEHYH qpath, qcon, v.path,
veong TE F, o5 7He] nuE FI < 1>oA A
g A Ay £¥ F 48 UD+MVe oAl 7bx] 25 7}
zte] BEsE 2o ¥ge FI59 o' F 'S B4IH
olu] AAH q'H q'L ALE refine_query( )E FHE
E 248 AASY AF FdE o'F "¢ AEET F,
279 g4 dgAES Yehle ¢d F2(0]EL2 gceon
7 veonl2RE 228 FAY)E o'F ¢"9 £F JHUHE
AR o3 A& AR wWistn, A9 AibAe HE o
A7 d&EH gAHe A& AHF, V) AY A3H
() g

<E 2o dAFE F38 UD+MVE Al gl ois
Decompose_Path_Expression()2 #8315& 2% 4dHis
= a7 qe <E 4>9 2t}

ot11a]Z Decompose_Path_Expression( )8] 452 F°]
A A9 g7t e XML #A49 #3 AAR vE £F
3 XML A Se] #43t= DTD Ed9 #olo] wet 2
Atk F DTD Ed9 %02 halz &9, g(v).pathet
a(v).con?l A%k o1& 7He] Hli, 13 qf) HE £ F
S E3 q'H "9 449 BEzE 0ol

44 2 Hole| M2

Ae] g8 438oM AFE 49 '3} ¢"22 EEEAE
o, o5& Hste HH(F XML A4 e dUE
A AA)2 g3 2

4.4.1 3% dlojelel diF q" He] A

D 274 AYAE HA3} 24 9F oF vu

WA, g"e] HAE Y8AE 23 d2HUEY Element_
Info Elo]E W $4A5 e oy, =4 dHEY it
Ae 27} 9l& wol= A9 T AXNE FAH e F
gk aEy dd2rt glg dele Y XML 24 HAl
2 AAse 27 AYAEY A E Folof A} F, 7
XML 84 Zzte] fE dHEZRE dFA HE(F,
3314004 d9d AZ AR F, Parent, Children, Next,
Prev )& ol&3le] 27 dWHEE Fer) F4d =4
de|HET} HA o FgEHE AE #dsty] A E
Element_Content #lo]¥ Ul 33 dzlH¥ES] Content’} &
AL BEFde= A g vasol gk AM 2L BHIe
1 deNEZ £3E XML E47F A4 djate] woth

@ 24 g9 @4

24 AWES 27 98 47 09 =3 ALUE 3
8 B3 AR, B dedEd YE Azt 9
g g A9y F8 A Ay ek 2y A
27b gl Wele WA, 27 dWEsl ¥E XML £

(E & <E 22 78 UD+Mvel C Z2 ool S Eof HE 23t

% 9 :
7 ° q

"

q

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 [last-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 &M RE 0183 XML 2O M2 : B2 Epiag

(b) case-4
(3% 14) 78 UD+Mve| CIA 71X ZR9 Ho| H1t E8 |8

(a) case-1,2,3

Aol FE AYWUEY} Element_Info Hlo]E W o|tle] ¢
AgeAg Fed aga PAag FE JdIAvEZREH A
A HBE ol &t £ AdUEEF F=v 47 DY =
A LYHE HA HHoA B3 dyHEs} 9 5 de
AHE(SH dUES] ZAAL 2P ddEr} HA
24& H=F wovt sbear] qi)g 9 W AR
& 7 XML A4 dig A2 8§ 29 § A 19
U ol 27 dejdEs B4 dAAEF AN} d# ¢
el ZAoY] wie] B =fdie 21 dve
54 AHES] HM AAHL o] syt

@ 3 (traverse) 2 5§ 43 dYvE 2%

Element_Info Hlo|& uf 54 dVES Aoz 47
HEE o]&sle] ¢IElwA Hi} dvE T2 PR
Element_Info Ho]=<lA4, Ul-§ #AHi= Element_Content El
o] Eol| A F&gch

4.4.2 XML A7 dig q" A7 34

@, '9 A feME AARE HoEoF dh=d),
ol 44149 3% diolelol diF Fo A HAFH Y
strh &, XML AAF 99 § ARd d§ AqdAg
AFeA 7] wiEo] 27 dYUEY 4 dydE
A FE dAERRE A4 HHUE o]gse] it}
£ 3lo] a7 dojeloA 9] F9] e A7 Ao]g Ho
th XML A# 59 Wg A4 = Y2E Foln FAo 7
el AR AM(F, 'Y FAE ARG dsidE A
Aol daAo]l fFAHojof g}, # =RXE [10]914
A B XML 242 73S XML AAHe dxzo
2 A <(deferred) Wg st 712 AbE-g)

5 de| dn &

¥ dolMe 43494 7l do| B8 gngZd 9
st A48 49 q'F ¢S MUY F o2 HAHE Y
shz Wd dig Ziedd @A, Ao Za 5@ Ui
T8 Bl da Vlestn, 2o A3 Sl A Lag

& 7€

51 el 23t S8l 7Y 25
(29 149 <& 1>9 XML 29] 28 438 5 &
+MVe T 7H Z9o] i@ del Astel Eq

(=)

3 U
92

2 Mol H 2T £F 631

AT

A ol q 2

-==JAE2(SLXMLEAM)

A zolq

— FE (012 XML 2A)

(c) case-5

Lebd zolch Ao ZAxte] Yoo Ao Az FAAE A
H EZEE FE JdYUEES & FAog (Y )AL=
F4EH(A) o2 YR XML A2 58249 An=a
And digk 2 g Aol sy diojele] digk He ¢
Ao oz FARY (29 14)dAME 49 ¢ AE
e 59 9oz gdsiga, do " Ane A oo
d9oz FASYL AAHE % dolgolA =29 A
ol7] Wiel del q A} A ¢ g L Y q
olete] XML #4Y % i M2 g XML 249 +
E Stk (29 190lAM AL o)Al XML FAel st
AAME Jehde, 42 5d XML E4e g AAA
& Yehdoh (2E 4a)E 29 F3 UDHMVY case-1,
2, 3o AFe= HE-EA Ao ' A} Fe ¢ AR
MB Eglg o|RE AL vEhd Aot ou, 9 ¢ F
Hep o] " A FYF XML FAES ytoz g
(18 14)b)= 2o #3 UD+MVY case-49 #3sl=
A2 A q A 29 " AHE FIF XML &
Mg ddoz sEA de Aie g FE dnE”)
MEB EZ7E g (29 4= 49 $8 UD+MVe
case-5° 3Pt AFEA "o o AFe A9 g Ay
© A2 08 XML #ME daes A do Azl
g FE dejyEs] ME Egy} ®}

(28 15)€ (2¥ 119 ¥ UD+MV case-19] A9
ool tha] 4delA AAG XML 22 FH4e B8 g
ZEE HE3te] BuE d9 o Ane A9 ¢ AT, 2
23 o5l BHE F9 q 27E aFoz Yed o)
o} 2 An 5L (28 14)(a)9 o] Ao q' Aty
FE AHUUES A& A4 dyvESe] A ¢ Ay
°] book dUESL MH EE o|Fo] HF de q A
& A4ste BH R o|FojHr

(719 160 (29 12)¢] %3 UD+MV case-3¢ A<
oo e A3 SFL 2goz vhehyl ol Ao Az}
TS (29 13)@)9} go] A9 o' AFe FE dWE
£ Al9F #2 devESe] Ao o A} book AW
E9 MB EZE o]Fo] HE A9 q AFAE A4s:=
o o|Fojzich

52 Ee| 1 §& Y12l

(" 1N 49 ¢ Aot 49 q" d89 5§ L1
=& Yehla gk A9 o' A3E Ry, F9 ¢ 49E
Reehal & o, Ao Hz] f3ol wl} integrate() T4
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@2 gdn

author

author author

/\/\/\

first-name last-name first-name last-name first-name last-name  first-name

(Michael) (Johnson) (Michael) (Kay) (Andy) (Kay)

(Michael)

(Johnson)

book book
title author author author price title author price
(XML Dambas% /\ ($22) (XML Beginning) /\ (525)
first-name last-name first-name last-name first-name last-name first-name  last-name
(Michael) (Johnson) (Michael) (Kay) (Andy) (Kay) (Michael) (Johnson)
(22! 15) 78 UD+MV case-12| Z2t S8t of
o] A /
@egq am/\
author author

O R

first-name last-name first-name last-name

(Michael) (Johnson) (Michael)

A9 qZ1
title author
(XML Database) /\

(Kay)

/
I
book

author

75

author

i

price

(822)

first-name last-name first-name last-name first-name last-name

(Michael) (Johnson) (Michael)

(3% 16)
2 5% #4L £I80. 2staA = 2474 A% B
(o]mj, 23} A¢} BE EF e FE dYWUEE Z:=

XML #49)7F 9lvka & uf integrate( )2 Y& Zo]
T

integrate( )= Z3 A¢t BZ (0¥ 14 43 58 +8
w2l S§tete gagFoz A Ao At B WE
718t AL Falst) integrate( )2] 3 A A
Egstaat 23 AS Yz, F A dae 43 A
o} B3tatana e As BY U4, F FE JYHES
A9 MEEZS Jehdch A WA A= Ast B %
g8l A7 CE vehdith d ds QA= A3 B Y-S
F7487] 98 A Ael K& dehliy, gl A A
= A7 A9} B 584 A¢ B7F §9 XML 4% A,

rir deo 2

(Kay) (Andy) (Kay)

S5 UD+MV case-32| 21 53 of

o] XML #A4¢l A2 ¥AE7] 948 +ExE Hepdnh
£ XML #49 ZA9 “SAME"E, o|2 XML 49 73
$ “DIFF"S AHE@t). subtree()® FE AYUYUEF 9
g AB EgE Jebdch UD+ MV case-4, 59 A5+
A3} Bl W&ol 43 A FE AWE o} F7}5
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Integrate_Result(Rq, Rq ) {

Ry AAF thdt 29 g’ result set
Ry : 8% dlojebol i A9) q"of result set
*/

Ry = init_resultset( ) /* A2 q9 result set %73}

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

integrate (R, subtree(Rq, /' ), Ra, Radpathiv. qlevel-1ipath,
SAME)

if (UD+MV case—4)
integrate(R,, subtree(Rq,, /"), Rq, /', SAME)

if (UD+MV case-5)
integrate(Ry, subtree(Ry, /), Ry, /', DIFF)

R, := refine_result(Rq)

return{Ry)
}

integrate (A, B, C, Path, Flag)
/% A, B, C:result sete] ¥¢IE12 As} BE E¢sto 43 CE8 &4
Path : BE Aol SA1917] 13 Aef $1A

Flag : 584 A% B/t £ XML 249 A, o4 XML £42 A& )

*/
i=ji=k=0
R. = fetch (A [i++])
Ry = fetch (B [j++])
if (Flag = DIFF) { /% o}l XML #4119 4% %/
do { /+ A9 W8S Col BF A ¥/
write (Clk++], Ra)
Ra := fetch (Ali++])
Ywhile (lend of A)
do { /* B9 W&E Cofl 25 H%G +/
write (C[k++], Ro)
Ry = fetch (B [j++])
}while (‘end_of B)
}
else { /4 BY XML #A420 AE
do {
if (Path_Info[Ra.PathID].Path = Path) /+« %3 913 b/
merge(A, B, C, Ra, Ry, &, &), &k)  /x T/
write (C [k++], Ra)
Ra = fetch (Afli++])
Jwhile (‘end_of A)
if (fend_of B) { /x B9l UmA WE& Bel A% */
Rb := fetch (B[j++])
do {
write (C[k++], Rp)
Ry = fetch (B[j++])
}while (end_of B)
}
}
}
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