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Implementation of XML Query Proéessing System Using
the Materialized View Cache-Answerability

ChanHo Moon'- Jung Kee Park'- Hyunchul Kang'

ABSTRACT

Recently, caching for the database-backed web applications has received much attention. The results of frequent queries could be cached
for repeated reuse or for efficient processing of the relevant queries. Since the emergence of XML as a standard for data exchange on the web,
today’s web applications are to retrieve information from the remote XML sources across the network, and thus it is desirable to maintain the
XML query results in the cache for the web applications. In this paper, we describe implementation of an XML query processing system that
supports cache-answerability of XML queries, and evaluate its performance. XML path expression, which is one of the core features of XML
query languages including XQuery, XPath, and XQL was considered as the XML query. Their result is maintained as an XML materialized view
in the XML cache. The algorithms to rewrite the given XML path expression using its relevant materialized view proposed in [13] were
implemented with RDBMS as XML store. The major issues of implementation are described in detail. The results of performance experiments
conducted with the implemented system showed effectiveness of cache-answerability of XML queries. Comparison with previous research in
terms of performance is also provided.
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<IELEMENT bookstore (book)>
<!IELEMENT book (title, author+, content, price)>

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

<!ELEMENT content

<IELEMENT chapter
<!ELEMENT section

<!ELEMENT sentence
<!ELEMENT price

(title, chapter)+>
(title, section)+>
(sentence+)>
(#PCDATA)*>
(#PCDATA)*>

(a) DTD

DTDID | Doc_Type Conten

<!ELEMENT bookstore (book)>

1 bookstore SIELEMENT book (title, =-+>

(b) DTD Hjo]&
(3%l 3) Bookstore DTDF DTD Hlo|Ee| 7= U of

DID DTDID DocNarme

1 1 bookstorel.xmi

2 1 bookstore2.xml
(3@ 4) Doc_Info Ho|ES 7= % of

2 =R A9 3 XML EMEL2 33 DTDE &4
‘Hf fri(valid) XML ZA41€ol", XML d9l= &% DTD
& F7ite TAE AAE 422 Avidoh 4 BAE
dZIHE g2 2x]o] B9 Fx HRE DTDID,
DID, EID, EName, EPath, ParentlD £A0 2 X% Ele-
ment_Info #lo]&e] A= n, A9 WE ARE DTDID,
DID, EID, EPath, Content $422 4% Element_
Content Ho|Ee] A€t DTDIDel= DTD9 ID7}
DIDl= XML #A41¢ ID7l, EIDel& dHES] ID(He]
4 FA(DFS) €22 ID $4)7}, ENamedl& JHE
o} o]&o] EPathols FAU FE JdHEZHE 3
dHEZA S A2}, ParentlDoll:= H2 dgdES ID
7 AET A2 Aued dsixde, A% §709 Hokg 4§
gto] [1b]ell M} Zo| ZF ARl o AdAg 2 Agsis=

= Hoj&& i EPath &4l 2 AEA gt A%
FE ok (28 ¥ (18 3)a@92 bookstore DTDE &
&&= XML £4E% Element Info #o]&3 Element_
Content #lo]&o| A4 ofe]r},
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VD ViewDef DTDID
1 bookstore/book/author/[first-name= “Michael”] 1

(38 6) View__Definition Hlo|g2] 7= ¥ of

DIDID|DID | EID|  EName VEPath

[
|

mv mv

author mv/author

first-name | mv/author/first-ame

last-name | mv/author/last-name

5
6
7 |#PCDATA |mv/author/first-name/4PCDATA
8
9

#PCDATA | mv/author/last-name/¥PCDATA

10 |author mv/author

12 |first-name | mv/author/first-name

13 |{#PCDATA | mv/author/first-name/#PCDATA

5
\,wQHmmwwuéé

last-name | mv/author/last-rame

:5&000\10}01.5@&;»—‘@

15 [#PCDATA |mv/author/last-name/fPCDATA

5

Ju—
353

author mv/author 1

h—
w

first-name | mv/author/first-name 12

—
=

—
(5]

last-name | mv/author/last-rame 12

*"“”“""‘""‘“““"‘““*‘“"‘é

= = [ e e | [ | | | b o o | ] e

IR N NN O N [ e R e N e S 0 [y iy
—_
-

5
6
7 #PCDATA |mv/author/first-name/#PCDATA| 13
8
9

—
=]

#PCDATA |mv/author/last-rame/4PCDATA 15

(a) View_Info Elo]&

VID | VEID | DTDID | DID |EID VEPath Content

1 5 1 1 | 7 | mv/author/first-name/¥PCDATA | Michael

1 7 1 1 | 9 | mv/author/last-name/4PCDATA | Johnson

1|10 1 1 | 12 { mv/author/first-name/#PCDATA | Michael

1] 12 1 1 | 14 | mv/author/last-name/4PCDATA |Kay

1 16 1 2 | 7 | mv/author/first-name/4PCDATA | Michael

1 18 1 2 | 9 | mv/author/last-name/#PCDATA | Johnson

(b) View_Content ®|°]Z:

(22! 7) View_nfo Ef0]22 View_ Content E|O[&2
= 2 o

3.1.2 XML AAR 4H9 Hol& 27|n}

View_Definition El°]€-& VID, ViewDef, 282 DTDID
&Hog FAEY VIDIAE R4 ID7} ViewDefol: H
o] AY(F, A2 FHHOZ Yed XML #9 FE,
DTDIDel= #71 #=3ke DTDY ID7F AZEd § A
oo o8 AH"E XML 2ARE ddAE mvE FER
st ZAE AHWESES 1 A4 AYWER &= XML
At (o] = eXcelono A B2 EAo A3 Ao &
3 g4 2o gd S8 XML &4 FAAYE ded
E 992 8350} View_Info HlolE3} View_Content Hl o]
Eofl A€ View_Info Ho]&2 VID, VEID, DTDID,
DID, EID, EName, VEPath, VParentlD £4l02 A"
t}. VIDAE %< ID7}, VEIDOE ¥ dgHES ID7,
DID¢} EIDAlE & QHES AMHmapping) 5 3H5
XML £+ de¥Ee] DIDS} EID7F A3E e} ENamedl
t B 29HEY o|Fo|, VEPathdl: H dHE] A

Z AXJ}L VParentDolE % ®E dHEe D7}
A7t View_Content #Hle]&2 VID, VEID, DTDID,
DID, EID, VEPath, Content $42.2 749t (29 6)
3} (aY Ne olF Holze Tzst 4 vduhd slo=
(2§ 59 Element_Info Blo}&-3} Element_Content Hjo] £
o AFE XML £4F dde2 XML 29 “/bookstore/
book/author(first-name="“Michael’"& 33 A7} 2
ARZ AFE 48 Jehla gl

32 XML 32 Esiale] SQLZEe| Hg

XML &2 2 XML AR g XML 328 Ed4
2 o|Eo] #A DBMS9 HlolEeod A= o] 7] Wi
SQLE #@=e Azdd MV 39 A% #H3g XML
A2 ¥ View_Info Blo]E3 View_Content Hlo]l&
o Wi SQL FEo2 W3Sz BD+MV S3Y F$
XML 42 2 AAf gt XML 242 Ed4L 747
Element_Info E]o]&/Element_Content Elo]&ol] thd SQL
T&% View_Info H°]E/View_Content Elo|Ee] w3t
SQL F¥oz wedh

o023 22 DTDE 8 XML A4 &0 A#Ho
gt 7HYsAk &, o] X E a8 FE dWER 3
I, b9 c= 4 a9 A dIUHES £2 JIYHETL
Hr, d9 et co A AFHUEZA dU(leal) dYHE

g F2E zteth

<!ELEMENT a (b)>
<!ELEMENT b (c)>
<!ELEMENT c (d | e}+>
<!ELEMENT d (#PCDATA)>
<!ELEMENT e (#PCDATA)>

o] DTD9 ID=nelgtn & o, o5 FA S ulstd
A2 B¥84 ab/c7t FAAW, o] View_Info HlolE3}
View_Content Hio|Ee diz] 22t vh-&3 22 SQL 2
2 Hgdd 7] ORDER BY A& F9 A {2
2Eqd dis] XML Eld& E&402 F3517] g3 A}
£33 Aolth(33d Fx). MEH SQL +9 &Y HY
< 934+ Element_Info #Ho|E7} Element Content H
o] 89 DTDID, EName, 222 EPath &4l g <d
27} 3t viEA7IAE View_Info HolE# View_
Content Hlo]E9] VID, EName, VEPath £4¢ tisiq %
A9 27t Fasir.

SELECT *
FROM Element_Info
WHERE DTDID=n AND
((EName = ‘¢ AND EPath = ‘a/b/c’) OR
(EName = ‘d AND EPath = ‘a/b/c/d’) OR
(EName = #PCDATA’ AND EPath = ‘a/b/c/d/#
PCDATA’) OR
(EName = ‘€’ AND EPath = ‘a/b/c/e’) OR
(EName = #PCDATA’ AND EPath = ‘a/b/c/e/#
PCDATA))
ORDER BY DID, EID
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DTDID DID EID Ename EPath ParentID
1 1 1 bookstore bookstore NULL
1 1 2 book bookstore/book 1
1 1 3 ltitle bookstore/book/title 2
1 1 4  |#PCDATA bookstore/book/title/fPCDATA 3
1 1 5  |author bookstore/book/author 2
1 1 6 |first-name bookstore/book/author/first-name 5
1 1 7 [#PCDATA bookstore/book/author/first-name/#PCDATA 6
1 1 8 |last-name bookstore/book/author/last-name 5
1 1 9 I#PCDATA bookstore/book/author/last-name/4PCDATA 8
1 1 10 |author bookstore/book/author 2
1 1 11 first-name bookstore/book/author/first-name 10
1 1 12 #PCDATA bookstore/book/author/first-name/4PCDATA 11
1 1 13 |last-name bookstore/book/author/last—name 10
1 1 14 |#PCDATA bookstore/book/author/last-name/4PCDATA 13
1 1 15 |author bookstore/book/author 2
1 1 16 |first-name bookstore/book/author/first-name 15
1 1 17 |#PCDATA bookstore/book/author/first-name/4PCDATA 16
1 1 18 |last-name bookstore/book/author/last-name 15
1 1 19 |#PCDATA bookstore/book/author/last-name/4PCDATA 18
1 1 20 |content bookstore/book/content 2
1 1 21  |title bookstore/book/content/title 20
1 1 22 |#PCDATA bookstore/book/content/title/4PCDATA 21
1 1 23 |chapter bookstore/book/content/title/chapter 20
1 1 24 |title bookstore/book/content/title/chapter/title 23
1 1 25 |#PCDATA bookstore/book/content/title/chapter/title/ 4PCDATA 24
1 1 26 |[section bookstore/book/content/title/chapter/section
1 1 27  |sentence bookstore/book/content/title/chapter/section/sentence 26
1 1 28 #PCDATA bookstore/book/content/title/chapter/section/sentence/#PCDATA 27
1 1 29 [sentence bookstore/book/content/title/chapter/section/sentence 26
1 1 30 HPCDATA bookstore/book/content/title/chapter/section/sentence/4PCDATA 29
1 1 31  |price bookstore/book/price 2
1 1 32  [#PCDATA bookstore/book/price/#PCDATA 31
1 2 1 bookstore bookstore NULL
1 2 2 |book bookstore/book 1
1 2 3 ltitle bookstore/book/title 2
1 2 4 #PCDATA bookstore/book/title/ #PCDATA 3

(a) Element_Info €] &
DTDID | DID | EID EPath Content
1 1 4 | bookstore/book/title/ HPCDATA XML Database
1 1 7 | bookstore/book/author/first-name/4PCDATA Michael
1 1 bookstore/book/author/last-name/4PCDATA Johnson
1 1 12 | bookstore/book/author/first-name/4PCDATA Michael
1 1 14 | bookstore/book/author/last-name/4PCDATA Kay
1 1 17 | bookstore/book/author/first-name/§PCDATA Andy
1 1 19 | bookstore/book/author/last-name/4PCDATA Kay
1 1 22 | bookstore/book/content/title’SPCDATA 1. Introduction
1 1 25 | bookstore/book/content/title/chapter;title/ 4PCDATA 1.1 Why XML and Databases
1 1 28 | bookstore/book/content/title/chapter/section/sentence/4PCDATA There are may reasons why we might wish to--
1 1 30 | bookstore/book/content/title/chapter/section/sentence/4PCDATA In this book, we'll see how XML may--:
1 1 31 | bookstore/book/price/fPCDATA $22
1 2 4 | bookstore/book/title APCDATA XML Beginning

(b) Element_Content Elo]&-
(222! 5) Element_Info EO|2 2 Element__Content E0}29] £ 4! of
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SELECT *

FROM  Element_Content

WHERE DTDID=n AND
(EPath = ‘a/b/c/d/#PCDATA’ OR EPath =
‘a/b/c/e/#PCDATA’)

ORDER BY DID, EID

¥, ek A2 @A ud ZE Aol TFH
o9 ol SQL T¥¢ WHERE ol wrgsfojop gt
& €°], ID=n¢ DTDE &3t 3% XML &4

B tdte] A2 BEFY ab/c/d=x7} FAAE, ol&
Element_Info €lo]23} Element_Content Hlo|&o] i3
Z+zb e 2L SQL FEoE wHakgEc)

SELECT *
FROM  Element_Info
WHERE DTDID=n AND
((EName = ‘¢ AND EPath = ‘a/b/c’) OR
(EName = ‘d AND EPath = ‘a/b/c/d) OR
(EName = ‘4PCDATA’ AND EPath =
‘a/b/c/A/#PCDATA’) OR
(EName = ‘¢’ AND EPath = ‘a/b/c/e’) OR
(EName = ‘#PCDATA’ AND EPath =
‘a/b/c/e/HPCDATA"))
AND DID IN(SELECT DID
FROM Element_Content
WHERE DTDID = n
AND EPath = ‘a/b/c/d/
#PCDATA’
AND Content = X’
ORDER BY DID, EID

SELECT =*
FROM Element_Content
WHERE DTDID=n
AND EPath = ‘a/b/c/e/#PCDATA’
AND Content =
ORDER BY DID, EID

add 471 SQL 7E2 7 28 ddld=¥DE
Ag3A AelaA Fdhe £A7t 3’15}. g 29, EP% a
Hi 2L B 7xE
(xEx JdYHUEE, 25 9 U§2 %k— YERITH.

\

o

d d d

) ) )
Az ®A4 ab/o/ld=x1E ZMJ 47 SQL £
of BNE WAoR £ B FEZ = AAY A

EfE Ziz 9 go F, dYUE d9 gho] x
2 g & 77t ojgelth
o %?/l E d9) gel x7}F ok vl A
EE]% Ao A AGA7)A] R wEhd AR E
g9 SQL &4 23z d#HE FF 2EY

Q10 v o gt 2 UN e |z
1z
°
X

7} %1 A& a9t o AL SQL F9 A

& 743 §F 2E¥e| ORDER BY DID, EID Aq

3 4 dz FY2HIHY wHDz FA4 g9=

g REES WHAYSE F FAY 5 Qi

A2 ZEA o Ae ABHI3PE 239 499 SQL
HEe Ae AdAt gl A ab/o)9 SQL 29

WHERE & AA7| 12} 3t deiHE gk =4
< A "l & E9f, ID=n%l DTDE 3=
5 XML A5 tistd A2 X494 a/b/c\d7t Ff
AW, of& Element_Info #¢]E32 Element _Content H]o]
B gl 4 g3 2 SQL FRoeg W dn

SELECT *

FROM  Element_Info

WHERE DTDID = n AND
((EName = ‘¢ AND EPath = ‘a/b/c’) OR
(EName = ‘€ AND EPath = ‘a/b/c/e’) OR
(EName = #PCDATA’ AND EPath =
‘a/b/c/e/#PCDATA"))

ORDER BY DID, EID

SELECT =
FROM Element_Content
WHERE DTDID = n
AND EPath = ‘a/b/c/e/#PCDATA’
ORDER BY DID, EID

33 XML EfZ

XML A2 BN e=2RE A%y SQL &9 49 23
= 7E Aol o] AFAE VIR 299 HF AAE
XMLEZ #4317 fAsiXE A-d d7o] olFolder &
% B FHEME SQL 9 2HE FAHsE FIo|
2 wnith S74 O5E B ZEA2E 9A F9 2y
& XMLZ AY}EE At &, SQL &9 ¢34 Z2xH
FE AGE ZF & 2o WP Fof HZ2 ®§7 2}
dol Eol7ke Aol olYg, SQL &9 A7 FEo] )
A g weic} g3 ZEA X B2 EE) HE 2
# XML A48 RBA3He sho]Zek(pipeline) B9 ¢
Rol #49T. @, @ AN 71E A% go) BE @4t
A7t ' ASde wiEe A 5F 2EHN F4
9R(Z, ¢S DID &S Ze FEE u&) A
A HHFPo| a7dt FAH XML =AY F3L =
BE B@e 2AEH Aibe] HAE AL9 "AsA
< ASE FRHIL, o]E& ] BD B M 3
35-<+ BD+MV #38¢ B2 729

&



Element_Info

(View_Info) az=)
58 A~Eg Za XML

=

NS JNX

Element_Content
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