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XQL Query Processing Using XML Materialized Views
SooHee Kim'- Chanho Moon' - Hyunchul Kang''- Sang-Koo Seo''!

ABSTRACT

Recently, much research on XML query processing considering the structural characteristics of XML documents is conducted, focusing
primarily on the development and/or extension of XML query languages and on query optimization for effective retrieval of XML documents.
In the XML repository, the XML views derived from the underlying XML documents could be stored materialized for effective retrieval of XML
documents, and could be capitalized on for XML query processing. In this paper, assuming that the XML views defined in XQL are materialized
in the XML repository, we investigate XQL query processing that capitalizes on them. We describe the storage structure of the XML repository
which supports the materialized views, and propose an algorithm that determines whether the given XQL query can be processed with the
relevant materialized view and accordingly transforms the original query into one against it.

FINE - XML, XL, 3 g (query rewriting), AlAF (materialized view)
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title AYAET} vel g oo} A GoBz vE
o8& qo M+ Btk webA (19 3)9 Fo A
g #%¥ UDZ A#sjof gt

52 He| 2| fE A

A9 g% AAF vt FolHE W, vE ol §F qo HE
7t AR E wdsln 1o we #dd de Ay fde
dgste AL, g% vol AE 79 v 12z 9 ve
27 e viuE B vhedt 85 (1" 9) (@9
734, q9) A 2+ bookstore/magazine/subscription®] . ve]
74 2+ bookstore/magazine?l dl, 3 A WM HAAE ¥
A7b A Qs MB Efl MH Eg AFdE Aotk
uebd (73 2)9 WX S dgdEe ¢ ¢ d= A
2123

aw)7t BAE dojel £4 dAWENAY HEE q.path
(vpath)2 YERlI ol& qv)9 B4 dgWUE AH2gn
F2ah ol vteF g B vih £Y deYvE =& o 2
& dYdEd i 24 JAEE UE FdE 2 2
Ag A H2E uidtth o8 £ (29 9~(29
119} ZA$ qpath® vpath®= Z+Z <¥ 1>3 2t}

T AE pl, p2 1Y A < F thEH Zol A3t
plol p29] prefixet AT F$ pl <, p2o] AR o
& £ (19 10) (@9 %, qpath = bookstore/book/au-
thoro} 32 v.path = bookstore/book®] 22, v.path <, q.path®]
g vE EF ZAL WAL A gern2 vpath
< qpath7t B EEE, MV F8e o8] v o] 4% q9 A
27 b EE ¢ 5 Utk (29 9) (bYe] Ao, qpath
= bookstore/booke] iZ  v.path = bookstore/book/author ©] =
®, q.path <p vpatho]t}. g9 vE 5 Z2HE P8k ¢l
% ¢¢em g qpath <, vpath’t AEHH, UD+MV f8l
g8 vE o] 8% g Art sdeE ¢ 5 Aok

4, q¢ vel B JdeWE wE I 2d JdeHEd
g =4 HAZE S ASee AR 8 9o ol 2
Ae Az vasior gt gvdlA BA deHE £

(B 1) 85 d2|HE Z=o of

29 q q.path v v.path
9a | bookstore/magazine/subscription bookstore/magazine/subscription bookstore/magazine bookstore/magazine
9b | bookstore/book bookstore/book bookstore/book/author bookstore/book/author
10a E)});lis]tore/book/author[fxrstvname = | bookstore/book/author l:)o“(}};;t;{,r?/txx)k[author/ﬁrst*name bookstore/book
106 ?ooksfore/book/author[ﬁx:sf*nami = bookstore/book/author t«x:okstoﬂre/b(x)k[author/ﬁrst—name bookstore/t
Jane” $and$ last-name="Poster” ] = “Jane”" ]
bookstore/book/author(first-name =
11a |. Joe” ] bookstore/book/author bookstore/book/author bookstore/book/author
11b | bookstore/bookltitle = “Seven” Vauthor | bookstore/book{title = “Seven” Vauthor | bookstore/book/author bookstore/book/author
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(B 2> 83 U2|HE =79 of

= “Joe” ] =“Joe" }

a9 q q.con \ v.con

% bookstore/magazine/subscription {} bookstore/magazine {1}

9% bookstore/book {} bookstore/book/author {1

10a bookstore/book/author{first-name | {bookstore/book/author/first-name | bookstore/booklauthor/first- | {bookstore/book/author/first-

name = “Jane” ] name = “Jane” }

bookstore/book/author! first-name

10b = “Jane” $and$ last-name = = "Jane”,

bookstore/book/author/first-name

bookstore/book/author/last-name | name = “Jane” ]

bookstore/book[author/first~ | {bookstore/book/author/first-
name = “Jane” }

“Poster” ] o "

= “Poster” )
la l:o:}l:t”o]re/book/author[ﬁrstmame it{f););ih})re/b(mk/author/ﬁrst-narne bookstore/book/author 0
11b mjf)r Kltitle = “Seven” ]/ {) bookstore/book/author {)

A& dHE g zdo] "E ANAE F3} conju-
nctive normal form©2 [p $and$ pz $andb - palst 2
o] FolHg u ojF Y (P, P, -, Pi}OE EEF A
% qceon(veon)2.2 HEh|T o& £ AHBE x3
It $-2x. o, P polA &£o] Foizl g dv

o

EZ 9 24 e ¢4 A2 (full path) 2 vpte] BdE
AojtHi=1, -, n). A8 B (28 100 (1 A%, qo =
Ae [first-name = “Jane” $and$ last-name = “Poster”]o] 1

ve] AL [first-name = “Jane"]o|t}. webA, g.con = {book-
store/book/author/first-name = “Jane”, bookstore/book/auth~
or/ last-name = “Poster”}¢] 11, v.con = {bookstore/book/au-
thor/first-name = “Jane”}olt}, TeF q Fi= vol £7o] 9
AgA g qeon®t veonE FHEe] Hrh 9E E
o] (Zg 9~(1¥ 1D B%, gecon veond A7 <&
2>9 2tk qcon® veont FFolBR E 7HY HuE J
e Hluz 3EE = gk g 9 (19 10 (09
A% veon C qeonZt Bk (19 99 ALHY g9 vl
25 ZAdo] HAER oW geon®t veonol ¥ FAF
o]2 2 v.con = q.con®|t}.

(218 9)9] A$A™ v.eon=qconeld qpath®t v.pathel
g T A9 Az f¥& 2FE + Aok vy, (2"
100 (W9 A$A8 z2d HWAZE A F$dE gpaths
vpathe] HZe} tj&o] qeon® veond HWE E& d9
g F8o] AAA} (18 10 9 ¢+, qpath <,
gpathe] 2 veon C geon) B8 MV #3d 28 vE o] &
& qo At 7teEe ¢ F vk ol 2ol gpathst

CE D XML AHFE 0|88 XQL E2 X2l9| 7Y

3 2 |vpath =| vpath | qpath .
z A g.path | <p %mth <p v.path otherwise
Z39]
WA 5 A - MV MV UD+MV UD
% 3t
=71l v.con = q.con MV MV UD+MV UD
:‘;:‘ a |veon Cqcon| MV MV  |UD+MV uD
e v.con D q.con |UD+ MV | UD+MV UD uD
" [ otherwise | UD UD D uD

vpathel Wil 183 qcon® veond H|NE T3 F9
Hel F¥& AAse e ZeEsd <¥ 3> 2o

6. XQL Ao HY Y2 F

5804 71&3t viel o] XQL He) g9 ol dFd
XML A3AF vzt FoiAEH vE o] &3 g2 M 3L 2
A = ook B "oAe MV d9 Mg §8& A 4y
W3S ¢ duEl%E rewrite XQL _query()E A|¢H3tc)

rewrite_XQL_query(), Zt7 Aot HAARE A3
T XQL BE&4 got vE el MV #39 Z9 A
7t 7HEE AE vel did XQL Feo 584 o' & wEs
i, Brled A9l NULLS w@sd, rewrite XQL_
query(Ye ohg3 Zo| Fe @tk w3, DTD Hej&& #
28t g9 vE%¥ qpath, qcon, vpath, vcons T&
Z, olE ztel HlIE B3 <X oA HUER MV
F8o2 vE o] & g Hrt s #AE AdEH. B
7Ved A 9ol NULLE wtgsta 745 Ffde q9
vERE ¢'& A4 448 go gE diaE g
Zdol YAEH A& FS, FU U AAHEE Y
Ui ol A2(o]E2 geondt veonlZHE EFEH A
DE g9 B dvE HE olF9 A& A= W
3t refine_query()). €32lE rewrite XQL_query()E 7]
38H (29 12)% 23 daFdA AMEE ®71(no-
tation)= <¥ 4>¢ 2t <f 49 %71 % qpath®} qg.con
2 53N Hsld 1, qelemd glevele thg3 Zo] A
LIRS

e gelem(velem): 32 g9 3 dHE
e glevel(vievel) : 4Z 9 d¥ toeE FE dIUE
2Re 237 dedEsixe &g £
A EYe g9
A& &0}, q7} bookstore/book [ title = “Seven” 1/ author

[first-name = “Joe" 19 7%, q.elem? authore]il qlevel&
3oit}, =3 a_path(p,)® d_path(p)2 AZ pE 44 3
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{E 4 H7{(notation)

7 ck
sublcond, con?) | BA AHAE 27 cono] con2e] W&ol XFE W= conl - con?E WHESIT, obd F$ NULLE wgsich
and(con) i:ﬁ-‘iﬂ?’_i Z3 conol FH oW NULLE 983t x, {Ploj¥ PE wHEelE, (P, - Pu)Y ZS P $and$ - $and$ Pnd
filter(cnf) conjunctive normal form©.2 Yebd 23 cnf 7} NULLol¥ NULLS wrihsia, obd A4S [onflE WS
g.path XQL 39 A2 ¥4 9 53 AWE A2
q.con XQL 39 ZA=2 FEY o B3 dde 24
qlevel XQL 39 A=z ZHY q9 #4
qelem XQL dol Hz2 ¥4 o 53 dedE
a_path(p, ) AZ pg A g[8 VLR 2E A 24 AR
d_path(p, 1) ZE2 pE A9 3 [& VFELE B A & AR

£ 7l1F08 288 E o AVl 24 H29) A+ A
25 747 depdrt. o 5o, 42 bookstore/book [title
= “Seven"Vauthor [ first-name = “Joe” 12 @l 204 ¥&
s A JE2E bookstore/book [ title = “Seven” 10] ¥,
Zté& A 2= /author! first-name = “Joe” 17} €. @l 30414
e 24 Z25 ¥d9 A& 192 bookstore/book [
title = “Seven”1/author( first-name = “Joe" o] 1, A& 7
Z% NULLe} gt}

G318 F rewrite XQL_query(E &34, (29 9 (a)

ReR, ddF rewrite XQL query()7t 4] 3$ 2% g
& 33 AEE R E

d8lF rewrite_XQL _queryOE Foj7 49 g9 AH
B ovel oiE XQL A9 A2 HHAL FAEE 2EYY
gl (traversal), Bl 9 ZZH(manipulation)$ F3&] A9 W
g YTk o)F AYL BF ol FE HYPY ~2EFY
& TS dHYE ol§& TASE MBAERE B
2 F3ydrt o E E9, v = bookstore/book/authord w, 73
2 B¥H2 ~E#L bookstore, book, & 3 author®) A <

o] 7$-o= ' = /magazine/subscription”}, (18 10) (b))
9ol ¢’ = /book/author [ last-name = “Poster” ] 7}, 18]
I (2 11) (@9 #HSelE g =/author [ first-name =
“Joe"17} Wg BT <F 5>E o8 H$olA g’ AR E
4 2EYE FAHE SAKRAEY

=

=)

& EF UEd

EdA o A dd

(B 5 MV 78 Zeof HEe| of

HHER TA o Ui o]E Fe] TFEAH(delimiter)+ /0]
t}, vE25E vpath E¥ velemd #&& 42 FEY 2
HEE gz st g
%3t v.path = q.path = bookstore/book/authord W °o]&o] &
dEA 9] AR, ofF A deHEE zduz g3 A

e =

a x 1 ¥ %a 10b lla
. . bookstore/book/author [ first-name = “Jane” bookstore/book/author|first-name =
q bookstore/magazine/subscription $and$ last— - “Poster” ] “Joe" ]
v bookstore/magazine bookstore/book [ author/first-name = “Jane” ] bookstore/book/author
v.elem magazine book author
v.level 2 2 3
d_pathq, vlevel) Jsubscription /—a‘l‘lthor[”ﬁrstvname: Jane” $and$ last-name NULL
= “Poster” ]

d_path(q, v.level).path | /subscription /author NULL

0 { bookstore/book/author/first-name = “Jane”, | { bookstore/book/author/first-name =
g.con bookstore/book/author/last-name = “Poster” } | “Joe” }
v.con i{) { bookstore/book/author/first-name = “Jane” } | { }
g.con-v.con {t { bookstore/book/author/last-name = “Poster” } ( ﬁ;ﬂk}smr d/author/first-name =
and(g.con-v.con) NULL bookstore/book/author/last-name = “Poster” tu)})::,store/book/author/ﬁrst—name B
filter(and(q.con-v.con)) | NULL [ bookstore/hook/author/last-name = “Poster” ] gji)cb({(')'klsmm book/authory/first-name =
initial o /magazine/subscription /hook/author { hookstore/hook/author/last~ /author [ bookstore/book/author/

a mag name = “Poster” ], first-name = “Joe” ]

refined q /magazine/subscription /book/author [ last-name = “Poster” ], /author [ first-name = “Joe” ]
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S8 A dHE 7ho) vwale shestA Ao

(I 129 713 A7} Zo|, ¢22F rewrite XQL.
queryOE g vEYH g(vipath 2 q(vicond &F ol5
7re) ¥lal, veleme 3%, vleveld A4k q9 42 ¥,
<E 4> A% sub, and, 281 filter FAE 5T &
EY 22, 183 ol #HAAAH T MEAEHEY
d ¥ (concatenation) & FYer}. olF AP BT T A
2 B4 MEZ2EFH Hd ¢ Fe] deuE E4&
A Fdrt. o] ¥ ghe] Ae3(upper bound)& Fo]
7 Aol g7t Fate XML FA9 B AAH vE &
& XML A4Eo] 438+ DID E2l9 Eol2 Z3d
th dE Eof, (29 59 DTD Ed¢ Eol& 40t} ¢
HHog DTD Ege ¥ol€ hatn 3, ¢ueF re-
write_XQL _query()7} ¢’ € A3 #AA9 BREE Oh)
ojt},

rewrite_XQL_query(v, q, q') {

/x v XML A% 39
q: XQL 49
q vl g XQL E9
*/

/+ MV £38 49 A 75 o8 gd x/
if( not ( (v.path = g.path or v.path <, g.path)
and (v.con = q.con or v.con C gq.con)
)
) returm(NULL)

/* MV +8 #deo dg «/
q' ="/" +v.elem + d_path(q, v.level).path + filter (and (sub
(q.con, v.con)))
/* +%& string concatenation */
q’ = refine_query(q’)
return(q’)

(32! 12) XQL Ee| #Hs 4nalE

.4 B

E =RdHde XML AF2dM XQLEZ Hodd AHH
g AYE A5 ALY 3 EMEC dis ArlE XQL
el AzE 3 #dEd AARE ol &3k= 7 ds)
ATttt ol & As WA HAARE o8 HY Aol &2
e Jlestal, AAFE Adshs XML AgAe 728
AAsGT 225 F2 AT ol Folzl XQL 299
et B HAFE o8 M sbs of @EH 29
e Ao M 3 24 W AAMIAT dHFE o
&3 29 AN #¥S ANz dEo RAA, 499 2
#E 27 AAFREFH 48 FIMV), X, 29 27

YRE AARERE A2 v AHE 35 XML 4
ERREH dE F3UDMY), 22l AR, A AIE
25 34 XML #MEZYH de fF3UD)eI olE
F MV 89 digto] Fojzl "ol qof #d AAH vol
tated g9 54 dHE A vol U 29 ¢S A4
3 A9 WE dadF rewrite_XQL_query)E AlA3}
At

FF A7 HA2E A, XML HAAHE o843 XQL
29 AMed As Hrib dasit & A7E XQL A9
g XML AFa e g% XML EMEd s s
Aol vla HARZREE AHE e Ao dnjy A
T8 ANz 9F8 MK EAE sl Aol desit
53, 3 AARE =&F % XML FAMd) A4 3
AE AAF wPet= d == v A aEE A
% 97i7k "9estd. g4, UD+MV 29 H7 f3d g
A7 dasth o] fEAAE Ho g9 #H AR vt
FolHE o, qof AHE YFRE vEREH, dRE R F
M sE Ao webd vol g Aol o' s A
o dig A9 "¢ WAsHE FagFel BT £, o
o] Aot o] AdE HA3 st dEg 29 g9
43g Adse davh "asith F Ao HEg 2A9
A} B¢ FAE o] udsior g}
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