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XQL Query Processing Using XML Materialized Views
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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,
[n 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 precessing. 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 sterage 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 cne against it.
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kol “Seven"?l AW A= Feoh, YelM B 4 g
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2ol qol A3 vel Wi Eeo) (1 29 (b) FB

o Agol dlFHL TE qF ADY B Yook s

tile ALHET vol ol Egslol A woms vE

A% o Aele #rhssn nAA (19 39 29 A
#% UDE Aeiaol k.

52 Mo HMz| wrEe EH

a9 got AT v FAHE o, vE ol &g g9 A
T o5& st e we g 29 Ay #¥E
AAslE 22, q% v A2 e wiid zeia g9 vel
27 9 vunE Fd shesiel «dESY (28 9 (@9
A4, g9 AZ+= bookstore/magazine/subscription©] T v
A2 L bookstore/magazine$ld], 3 A ol HAAE &
A7k AFEes ME EgY ME EfE AAdse Aotk
welA (2F 2)9] (b)XFE #AA AFEE & F Ue A
o|t}.

{v.path)2 Jel 3 o[ glv)g E
24, olF, Tef q e vt BF o E X
& dejdEd] 3 205 HAga
AL Aeg HE2g ¢nth o So (2F P~(2Y
109 7%, qpathét vpathts 2z <g 1>3 Zoh

5 FE pl, p2 7 4 < E vET 2o Adtal:
plol p29 prefixst ¢A& A4 pl <, p2o] AHI o
& 29 (29 10) (@9 4%, a.path = bookstore/book/au-
thoro] 2 v.path = bookstore/bookel 2 2, v.path <, q.pathe]
ot g% vE 27 g AT ¢4A $o82 vpath
<p qpath?t APEY, MV {30 o8] v& o] &£T qo 7
g7k 7HedE € 4 Uk (I¥ 9 (b F$dE, gpath
= bookstore/booke] I v.path = bookstore/book/author o]
2, qpath <, vpathelth g9 vi= 2% 238 "HAsn Y
7 For 2 qpath <, vpath?t A=Y, UD+MV 39
g8 vE &% g8 At ASTE ¢ F Utk

FE ot vel 23 dEdE EE 0 s ddEd
g =24 HA7 98 ASds A2 o Yo o8 =
A= MZ dlsigef o} glvidld 24 duds &= 2

B 1) 55 dldE H=29| o

a q q.path v v.path
Ya bookstore/magazine/subscription hookstore/magazine/subscription beokstore/magazine bookstore/magazine
¢} bookstore/book bookstore/book bookstere/book/author bookstore/book/authior
10a ?Jooc;lis]tore/book/authormrst-name B hookstore/bock/author Eﬂjl;itg}’ﬁ'/bmk[author/ﬁrst-name boakstore/book
10h ibooksfore/bmk/author[ﬁlisﬂt—narne“ = bookstore/book/atthor bo:)kstourejbook[author/ first-name booksto K

Janc” $and$ last-name="Poster” ] =“Jane" ]

11a Pf;}is]torehook/author[flrst~name | bookstore/book/author bookstore/bock/author hookstore/book/author
11b | bookstore/bookftitle = “Seven” Vauthor | bookstore/bookltitle = “Seven” J/author | beokstore/book/author bookstore/book/author
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(B 2> 5% da|fie =79 9f

o q q.con v v.con
9a bockstore/magazine/subscription {} hookstore/magazine [
9h bookstore/hook (1} bookstore/book/author {1

Wa ] o] =“Joe” }

hookstore/book/author[first-name | {bookstore/book/author/first-name | bookstore/book[author/first- | {bookstore/book/author/first—

name = “Jane” ] name = “Jane” }

bookstore/hook/author|first-name

10b ="Jane” $and$ last—name = ="Jane’,

{bookstore/book/author/first-name

hookstore/book/author/last-name | name = “Jane”

bockstore/booklauthor/first- | {bookstore/hook/author/tirst-
name = “Jane" )

“Poster” ] - Y

= “Poster” }
la E?%litoi'e/book/aumor[fmst-nmne [:b‘%oolgit{})re/hmk/author/ﬁrst*name bocksta s /author O
b Zgi(s?r@book[ﬂﬂe: Seven” 1/ 0 bockstore/book/authar O

AE dewed 3t z=He] Uy A4AE EF conju-
nctive normal form@ % [p $and$ p: $and$ -+ pulzh 2
o] #olg e w o5 AF (P, Py, -, PujoE FHAT I
S gqeon{veon)o2 Uehfiz o] B3 ddWE 2
2t #2221 oo, RE pelA Xo| Fold o4 iyl
2 #dYg M e ¢4 A2(full path)2 =Fo] T
oltHi=1, -, n). 948 =9 (¥ 10) (g A%, 94 =
£ [first-name = “Jane” $and$ last-name = “Poster”]¢]
ve] AL {first-name = “Jane"]e|th. wabA, g.oon = {book-
store/book/author/first-name = “Jane”, bookstore/book/auth-
or/ last-name = “Poster”}¢| 2, v.con = {bookstore/hook/au-
thor/first—name = “Jane"}olth. e g = veol] F3o] |
NHA 3l qeondt veonts T Ho dE
o] (29 9)~(29¥ 11} S, qeon? veond 242} <H
259 2l geon®t veons Igolmz £ ke HjuE 3
g zre) mm2 H Y 4 gtk oE Sof (¥ 10) (bl
AL veon C qeon’t 9k (2 99 A5-HE g8t vl
RE zAol WAHA gow qeon? veoono| BT FIE
o2 2 v.con=q.con® th

(138 9 9% veon=qcon®|® gpath®t vpath$
g Sa) 4o A #¥L& FAY ¢ drk wE, (29
100 (e A9HE 27 HA7E sl Aels apaths
vpath®] H 28 tiEe] qeonst veond HlXE E3] 24
A f3¥o] AL (28 10) (b9 BFSolE, gpath <,
q.path®l 3 veon C qeonol B2 MV #89) o4& vE <&
T qo A7 HEEE & F ek ojdat ol gpathst

=]

Ao Im

i

(E 3 XML AHRE 0|28 XOL Zel 2o 7

= |v.path =| v.path .path .
= 3 pith | <o aupath | <o v.path | Otervise
EH0]

A=A - MV MV | UD+MV uD

A R
=70l v.con = g.con MV MV UD + MV un
A g v.econ C q.con| MV MV Un+ MV UD
A% v.con 2 q.con |UD + MV| UD+ MV UD uD
otherwise upD UD un UD

vpath®l ¥@ 183 qeon® veond HuE F3 A4
Ay FEL A S HIE <E >3 £

6. XQL e wHE g E

5A A 7)4F wle} el XQL Ao g9 ¢ o#td
XML AAH v7b FolxY vE o 43 gof M FEE A
A 4 Qloh £ delAes MV d9 H 58S A 29
e fEsks du]E rewrite_XQL_query()E Atgich

rewrite XQL_query()i=, zrzt Zog} HARE A
= XQL T34 g% vE gEwel MV #3e 29 Ay
7F 75 A4 vel g XQL He] T34 g & ukgsl
3, 2715 A $ol= NULLES whgsloh rewrite XQL_
query()E tHEF Zof FFect |, DTD dHeleg 3
Z&td g2 vEHE gpath, qcon, vpath, veongs 7
F o8 749 HE F3I <E 3oolA AdJdE MV
FHoZ vE |43 qo Ast HeEHE BEFH &
7Hs 8 A4 e NULLE waslzn 7H5d e o%
vEREY & A4sith AAdE gqd g9 s B¢
o] PAHo] gle AL A Ui deiES e
Y= gd FE(]EL geon® veontZRE ZEE A
E g’y 2 HUUE AR ofFe A HRE W
FHrefine_query()). 4F rewrite_XQL_query()E 7l
3ld (29 129 23 GnFFeA AHEE H7(no-
tation)¥ <% 4>9} v} <E 4>9] E7| F gpath® qeon
£ s5doA AeEH T, qelem} qleveld th3 Fo] A
ojgrt,

e gelem{velem) : 4= g9 &3 AAHE

e glevel(vievel): A2 q¢ #l¥ o=z FE dejd
RYE 53 deHuEAA Y 2D
A B xo

M |m

&2 Eo|, g7} bookstore/book [ title = “Seven”]/author
[first-name = “Joe” 19 7%, qelem& authore] 3L glevel
30|t} ®3) a_path(p)®™ d_path(p/)2 B2 pE @Y 3%
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{E 4> E7{(notation)

E 7|

Il

sublcond, con?) | 54 dUE 2 contdl| conzel Yol RFE W cond - con2E WHEET, obd A9 NULLE wstgg

23 de9E 21 conol T NULLE @8y, (Pleid PE wtglatn, (P, - P} ¢ P $and$ - $and$ P,
and(con) uhslaoh
filter{ergf) conjunctive normat form2 2 JelF 23 cnf 7l NULLe|®l NULLE wraels, obd AL [enflE wtgdic}
q.path XQL A9 = HEY g9 24 duvE A=z
q.con XQL 29 2 T84 g B4 YeidlE 24
glevel XQL 49 HZ T8y qo =4
g.elem XQL H9 Az g3 2 29 daldie
apath(p, I} | A% pE dld @ I& 71202 £ A 24 A=

d_pathip, I} AR pE AUy g 1E JFoE B8 A A AR

£ 71Ees g g of Av)e 24 F29) 3 A
2E 2 yehdo. & 29, 42 bookstore/book [title
= “Seven”)/author [ first-name = “Joe" ]2 @@ 2004 B
W =4 ARE bookstore/book [ title = “Seven” Jo] H1
Al ARZE /author[first-name = “Joe” 17} B}, @l 3ol 4
e 24 A2ZE 999 42 292 hookstore/book [
title = “Seven” ] /author [ first-name = “Joe"]¢] H 3, 2 A
2% NULLe] €t}

Y 1HF rewrite XQL_query()& HE3E, (I8 9 (a)
2] 4ol ¥ q' = /'magazine/subscription}, {19 10) {h)g]
HE-NE o = /book/author [ last-name = “Poster” ] 7}, 12
2 (29 1D (a9 #A$dE q =/author| first-name =
‘Joe"I7} HEHEL <F 5> o8 AL g’ AR #
4 2EYL FAHEE QAME2ER)ES BT e

FHor 4udgE rewrite XQL_query()7t Al A% 2F g
& 7‘*@} ] S EoErt
17 E rewrite_XQL_query(x Foldl &9 g9} 44
1‘%’- vl Oigk XQL Fe) HE FTHAE FA4s= 259
¥ (traversal), W2 3 Z#Hmanipulation) F& 29
$e 4 ’%ﬂﬂﬂr o1& el 5’--r olF AR EPA 2E
B AUE oL FHIE MEIEYJE e
Ak la g9, v= bookstore/book/author‘?d‘ql 73
2 ~E 32 hookstore, hook, 28] 2 author?] Al
2 e)E 7Y FEAHdelimiter)E C‘T
. VERE vpath BE velem? &2 242 34 ~
Hol A olF A dIUEES Az HAste Fddrt
=4 v path = q.path = bookstore/book/authord | o] o] %
YA ARE ol 4 dHEE AdUZ g5 A

==

rE

£ on

Im U U T
re
[m
fu
1
o
in,
2 ¢
?..9,

{E 5 MV Elo| Halef of
P 14 9a 100 lia
. . bookstore/book/author [ first-name = “Jane” bookstore/book//author(first-name =
4 bookstore/magazine/subscription $and$ last-name = “Poster” ] “Joe™ 1
v bookstore/magazine bookstore/book [ author/first-name = “Jane” ] | bockstore/book/author
v.elem magazine book author
v.level 2 2 3
d pathtq, v.eveD Jsubscription {a}glthor [ Pmt-name = “Jane” Sand$ last-name NULL
= “Poster”

d_path{q, vlevel}path | /subscription /author NULL

0 { bookstore/bock/author/first-name = “Jane”, | { bookstore/hook/author/first-name =
aeon hookstore/book/author/last-name = “Foster” } | “Joe” }
v.con (] { bookstore/book/author/first-name = “Jane™ } | { }
a.con-v.con {} [ bookstore/book/authar/last-name = “Poster” } { Jt:;(‘)!k}smr Wauthor/first-name =
and(q.con-v.con) NULL bookstore/book/auther/last-name = “Poster” ??S;S,St'or k/author/first -name =
filter{and(g.con-v.con)) | NULL [ bookstore/hook/author/last-name = “Poster” ] E ;)o?l;sto K/author/first-name =
e . . /bock/author [ bookstore/book/author/last- /author [ bookstore/book/author/
initial q /magazine/subscription g " e

name = “Poster” ], first-name = “Joe" )

refined q /magazine/subscription /book/author [ last-name = “Poster” ], fauthor [ first-name = “Joe" ]
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235t 949 AgWE Fro) vmste] @usiA el
(2 12)el 7l&d At Zo|, duAF rewrite_XQL_
query(E g% vESH gv)path ® qlvicon¥ F%&, &
7Heh )W, velem® FZ, vleveld A4t qf A=
o =

et

e

<F 4>ol4 FelF sub, and, 22T filter A4S FH =
Eqg &3, Jelu olF AN T f‘i‘f‘iﬁ%‘%ﬁ]
H @concatenation) & FHFch olF AP 25 T F
2 Y HE2EYS Hd £ TFe %ﬂrﬂf g
AH Py o #@pd zte AFzhupper bound)E Fof

2 A9l g7} 28 XML M9 £ A7 v2 £
3 XML EAMEo] #4388 DTD Egl9y Zol& dAE
th 8 Sof (Y 52 DTD Ef9] ¥olx 4ot o
widez DTD Ede o€ hata 89, ¢28F re-
write_XQL_query()7} q'& &4t B39 BFEE Ol
ojt}.

rewrite_XQL_query(v, q, q") {

/4 v o XML 3% Al
q: XQL ¢
q - ovel dlg XQL A9
=/

/v MV 4 3 A2 she AR Bg o/
if( not { {v.path = g.path or v.path <, g.path}
and (v.con = q.con or v.con < q.con)
)
) return(NULL)

S MV #3 Ad HE o/
q' =%/ " +velem + d_path{q, v.level).path + filter (and {sub
(q.con, v.con)))
/* +& string concatenation */
q’ = refine_query(q’)
returnig’)

(33 12) XOL To| HE YLE
7.4 E

2 =M XML HA4ddAd XQLE A" HAH
& Rlﬂ% AL A%42Y Y EASe & A% XQL
de] HelE -‘Hffﬂ wdd AAHE o fste el sl
dystd olF fE €4 AARS o8 Y AY &
9£ 71%6}3, AHFE AdstE XML AFd4e] F2E
At 2eld F2 AT olfrel FojF XQL A
oiste] @ "a‘iﬂ"‘%— o] &% g 7 S5 s 1o

0E e Az 48 24 PEE ANSHI AARE ol
89 ﬂu A2 fHe AAAZ ek A, 2ol 2

&
m\m

AAFZHE de FIMV), BN, 9 A

2 AAHERE o7 ez d3s 55 XML £4
ERRE 4 FIUDMY), 2 AA, de ZAE
¥R g8 XML EMEERE 4 {FHUDeI olE
Z MV #@d tidtel Sl A go AR 447 vel
st go} FL3 AAZ dE voll A 2ol g'& 84
= e Wi 47HE rewrte XOQL_query()E A8t
ek

g5 dF FARE A XML 2AFE o &3 XQL
2 AL A% Hriyl dasid F AZIE XQL 49
2 XML A%x e 55 XML EAES sl salés
Ao v AAREREH 235 dE o] duht He
St Azkel @2 & bHeEXE TEdE Aol Fasit
, 89 AARE 2T Y XML A4 24AF ¢
A Be] wedsteE o == vES @A TEEE A
7tz dosttk B4 UDMV 49 A= fFie] g
F7b AR o FEANE 2 g #A AAF vl
AL ) qo AFRE diE vERY, 98 %
z2E A4z weld vol g 29 o' F F 2A
o i@ del qne A= dmElFe] dastck £ ¢
o Zatet "¢ AFg AP Fise 99 29 g9
A7nE FAste "dart gasd F A9 dF@ A%
43 B3 FAE o] mesel doth

N R ooff o i
, Mo O

L 4

A

iy

#angd

[1] T. Bray et al, “Extensible Markup Language (XML} 1.0,
http * //www.w3.org/ TR/1998/REC-xml-19980210, 19983.

[2] S. Abiteboul et al, “Active Views for Electronic Comme-
rce,” Proc. Int'l Conf. on VLDB, pp.133-149, 1999,

[3] J. Shanmugasundaram ct al., “Relational Databases for Qu-
erying XML Documents : Limitations and Opportunities,”
Proc. Int'l Conf. on VLDB pp. 302-314, 1995

4] AAg 9, XML 4 FEHAE AT G A" 47
gz p ety 999 BiedisEd, 29 ALE, .
3-5, 1999.

(5] o]&A, £718, XML ¥4 A3 A28 44 2 737, &=
AR #sts] 98y FpEdeuR=Eg, 2B A2E, pp.
347-349, 1998

6] @42 $47, “ORDBMSE &% XML A3 A2=5 4
A", s R ek, 20009 JHe R =R, 27 A
23, pp.3-5, 2000,

[7] J. Robie et al, “XML Query Language(XQL),” http : //
www.w3.0rg/TandS/QL/QLIS/pp/xglhtml, 1998,

[8] J. Robie et al,, “The Design of XQL,” http : //www.texcel.
no/whitepapers/xql-design.html, 1998.

[9] A. Deutsch et al., “XML-QL : A Query Language for XML,"



http : //www.w3.org/TR/1998/NOTE -xml-gl- 19980819/,
1508,

[10] J. Clark and S. DeRose., “XML Path Language (XPath)
Version 1.0, http : //www.w3.0org/TR/xpath, 1999[11] D.
Chamberlin et al., “Quilt : An XML Query Language for
Heterogeneous Data Sources,” htip : //www.almaden.ibm.
com/cs/people/chamberlin/quilt Ines.pdf, 2000,

[12] D. Chamberlin et al., “XQuery 1.0 : An XML Query Lang-
uage,” http : //www.w3.org/TR/xquery, 2001.

[13] S. Abiteboul, “On Views and XML,” Proc. ACM Symp. on
Principles of Database System, pp.1-9, 1898

[14] A. Gupta and 1. Mumick, “Maintenance of Materialized Vi-
ews ! Problems, Techniques, and Applications,” Bulletin of
TCDE, Vol.18, No.2, pp.3-18, Jun. 1995.

[15] Y. Papakonstantinou and V. Vianu, “DTD Inference for
Views of XML Data,” Proc. of 19th ACM SIGACT-
SIGMOD-SIGART Symp. on PODS, pp.35-46, 2000.

[16] fA= 9, "XML a5 e] Zed9za”, dx48g
3, 20000 7HEgtediE =], A27d A25, pp.243-245,
2000.

[17] eXcelon co., http  //www .exceloncorp.com.

(18] R. Pottinger and A. Levy, “A Scalable Algorithm for Ans-
wering Queries Using Views,” Proc. of the 26th Intl Conf.
on VLDB, pp.484-495, 2000.

[19] A. Levy, “Answering Queries Using Views : A Survey,”
http  //www.cs.washington.edu/homes/alon/site/YearPag
¢_C1477634.htrml, 2000.

[20] A. Levy et al, “Answering Queries Using Views,” Proc.
of the 14th ACM SIGACT-SIGMOD-SIGART Symp. on
PODS, pp.95-104, 1995,

[211 H. Yang and P. Larson, “Query Transformation for PSJ-
Queries,” Proc. Int'l Conf. on VLDB, pp.245-254, 1987.

[22] S. Chaudhuri et al., “Optimizing Queries with Materialized
Views,” Proc. Int'l Conf. on Data Eng., pp.190-200, 1505,

[23] O. Duschka and M. Genesereth, “Answering Queries Using
Recursive Views,” Proc. Symp. on PODS, pp.109- 116, 1997.

[24] S. Abiteboul and O. Duschka, “Complexity of Answering
Queries Using Materialized Views,” Proc. Symp. on PODS,
pp.254-265, 1998,

[25] F. Afrati et al., “Answering Querics Using Materialized
Views with Disjunction,” Proc. ICDT, pp.435-452, 1999

[26] Y. Papakonstantinou and V. Vassalos, “Query Rewriting
for Semistructured Data,” SIGMOD Proc. Int'l Conf. on
Management of Data, pp.455-466, 1999,

[27] D. Calvanese et al., “Answering Regular Path Queries U-
sing Views,” Proc. Int]l Conf. on Data Eng., pp.385-308,

XML ERIEE OI83 XQL el Heal 47

2000.

[28] D. Florescu et al., “Query Containment for Conjunctive
Queries with Regular Expressions,” Proc. PODS, pp.139-
148, Jun. 1998,

{29] H. Garcia-Molina et al., “The TSIMMIS Approach to Me-
diation * Data Models and Languages,” J. of Intelligent In—
formation Systems, Vol8 No.Z, pp.117-132, 1997.

[30] Y. Papakonstantinou et al., “Object Exchange Across He-
terogeneous Information Sources,” Proc. Int'l Conf. on Data
Enginecring, pp.251-260, 1995.

[31] M. Fernandez et al., “STRUDEL : A Web-Site Manage-
ment System,” Proc. SIGMOD Int'] Conf. on Management
of Data, pp.549-552, 1997,

[32] M. Fernandez et al, “A Query Language for a Web-Site
Management System,” SIGMOD Record, Vol.26. No.3, pp.
4-11, Sept. 1967.

[33] D. Suciu, “Query Decomposition and View Maintenance for
Query Languages for Unstructured Data,” Proc. Int'l Conf.
on VLDB, pp.227-238, 1996.

[34] Y. Zhuge and H. Garcia—Molina, “Graph Structured Views
and Their Incremental Maintenance,” Proc. Int'l Conf, on
Data Engineering, pp.116-125, 1998,

[35] S. Abiteboul et al., “Incremental Maintenance for Mate-
rialized Views over Semistructured Data,” Proc. Int'l Conf,
on VLDB, pp.38-49, 1998.

[36] D. Lee and W. Chu, “Conjunctive Point Predicate-based
Semantic Caching for Web Databases,” Extended Abstract,
Tech, Rep. TR-980030, UCLA, Sep. 1998.

4 T 3

e~mail ; sochee@lge.com

19999 Fekidtn AFETHTG &Y
{F54h)

20009 FENTE AFE TEF gt
&9 (T4

A LGERAS A4 7

#HY ok o]F delHdol2, XML F

28z

il - moonch@rose.cse.canackr

Fddzte AR &9

(&8

Fedsn AFe TG e

EA(F 94D

A Fosre PAFeFata dapay
A F

BYR ok : Web dolErlol s, XML 5




472 HEMeIEE =X 0 ME-DE A5=(2001.10)

4 8 3

e-mail : hckang@canackr

19833 Mewidte HFHTHE &9
(F8Ah

198514 U. of Maryland at College Park,
Computer Science(M.S.)

19873 U. of Maryland at College Park,
Computer Science(Ph.D.)

1o8d ~ A FYdEa AFe T4 24

TAfEof : o] F do[eule], ¢ dlojetufo]£, DBMS A%

NER F

M oo 7
email © skseo@daisy.gwuackr
1984 AEuiste HFeFatal &4
(&AL
19861 @8ty Adga(ms,)
195 #Fetr| s Aag=HPhD)
19009~ A3 BeUstm B wat)
T
T ot dleoletdiolat A, 4 dieleldlol s dio|gu]e] &
H4st F




