MAE N JIHE O1BD XML Y MEl AlL-Y 78 283

AR H A4 71HE ol &% XML A9 A=
A =8l 79

Ho
P
fob
z
2l
]
_\'.l_
e
s

2 o

dlojeidlol A 7ty W 288 U MY 7ol AT Rol ATHD vk AF A7sHE Aol AAE AHATY L Qg ¥ A
Ao BE B9 Ao Aol o8 4 lvk § Aol HlolE @) FFOE XMLol $A% old FA Y $8E2 UEHA ¥} &
2 XML 22425 Holg dAae $9ss 497t Robed ol R84 A4 Ad U4 ZhE AHste A fEth & =i

XML Felg w3 XML AHE o3t Hejahz Mg 78 L A% Hriel #@ Aolth XML 292 XQuery, XPath, XQL F7 22
RE XML deols) ¥4 849 AR A4S ggez 35z, XML AdE XML AAFE nasda, AHE o83 XML o) ¥ @
15 (130 ANE A gaew sgch [13]9 A9 WY FuAFE AQshs L ek XML A% A2do] #A DBMSE oj&3
o FE5lo] gopst 4 Agol ol gEHUT THE £8 ool haled AAF NEHh Y 4 AAE B AHE 08T XML 2o
Ao A& sim, 71& d7he A% vk JEsgh

Implementation of XML Query Processing 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.

F|9= : XML, B2 FMA(Path Expression), &2 HE(Query Rewriting), 4H%(Materialized View), HOIEIH 0|2 JjE & S8
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3.1 EHlo]& 270}

XML AFayE aA sy delet 493 XML A #)H
ooz Yol &% dojg d9& Fe ox XML
2AES dIWHE Wz Bdstd XML £49 72 A
wol g A8E 747 B2 A4E Element_Info HolE
7} Element_Content Elo]E&, XML £X¢ 7]et 3RE A
48 Doc_Info HolE, 18z DTD HAXRE AFE DTD
golgz TAdd. 3% XML ¥4& W& HE(Content
gol8)9t 7x AH(nfo HolE)E iyl wa AFE
A& [10]elA AN % Edge/Separate Value Table 7]l
HES 5 QY AR AR 5& F7hske #FE Aot
XML AARE XML 39 dnel XML #47 9. @
B4 XML AAE 99 8 XML 4A55¢ dvE
wojz Basle Heo 72 AR UE 4RE 4% g2
A48 View_Info Blo|E3 View_Content HolE, & A
o2 A#A3tE View_Definition ElojE, 18]i DTD #lo]
EE T80

3.1.1 3% dlojel goel glolE 279}

(29 3)& AMH(bookstore)ol g DTD¢ 33 DTD
Hol&el 7 2 g uekd etk DTD Hol&2
DTDID, Doc_Type, Content 422 F+4¥t. DTDID
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o= DTDE ID7}, Doc_Typedl DTDE A7 A€
30| Contentoll= DTD #Ae 4ol Agdrt (14
4)E Doc_Info HlolE9 T2 2 & uvebd Zeln. DID
o= XML ¥4 ID, DTDID|= 83 XML #47F 3
%3kE DTDY ID, 2282 DocNameol XML €49 o
Eo] Agdrt

</ELEMENT bookstore (book)>
<'ELEMENT book (title, author+, content, price)>

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

<IELEMENT content

<IELEMENT chapter

<IELEMENT section

<IELEMENT sentence
<!ELEMENT oprice

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

(a) DTD

DTDID | Doc_Type Conten

<!ELEMENT bookstore (book)>

b | Dookstore | gy EMENT book (title, ++>

(b) DTD Hlo| &
(712! 3) Bookstore DTD® DTD Hiolge| 7= % o

DID DTDID DocName

1 1 bookstorel.xml

2 1 bookstore2.xml

(12! 4) Doc_Info Ejo|E2] 7x ¥ o

=EoA e 8E XML FMEL d§%9 DIDE &7
}= f-&(valid) XML A E0d, XML #Foe @¥ DTD
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ment_Info HolEd AAH FA¢ U4 A+ DTDID,
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VID ViewDef DTDID
1 bookstore/book/author/[first-name= “Michael”] 1
(3% 6) View_Definition Efl0j82| 7= % of
VID| VEID|DIDID| DID | EID| EName VEPath VParentID
1 1 1 - - |mw mv NULL
1] 2 1 1| 5 |author mv/author 1
113 1 1 | 6 (first-name |mv/author/first-name 2
1 4 1 1 | 7 #PCDATA |mv/author/first-name/¥PCDATA 3
115 1 1 | 8 |[last-name |mv/author/last-name 2
1 6 1 11 9 |#PCDATA |mv/author/last-name¥PCDATA 5
117 1 1 | 10 |author mv/author 1
118 1 1 | 12 |first-name |mv/author/first-name 7
1 9 1 1| 13 [#PCDATA |mv/author/first-name#PCDATA 8
1110 1 1 | 14 |last-name |mv/author/last-name 7
1 1 1 1 | 15 [#PCDATA |mv/author/last-name#PCDATA 10
1112 1 2 | 5 |author mv/author 1
1] 13 1 2 | 6 |first-rame |mv/author/first-name 12
1 14 1 2 1 7 [#CDATA |mv/author/first-name/¥PCDATA 13
1B 1 2 | 8 |last-name |mv/author/last-name 12
1|16 1 2 | 9 |#PCDATA |mv/author/last-name/fPCDATA 15
(a) View_Info ®|o]%
VID | VEID{ DTDID | DID |EID VEPath Content
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 1 12} mv/author/first-name/4PCDATA | 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 #o]&

(28 7) View__Info EIO|22 View__Content Efjo|&2)
7 8 of

3.1.2 XML AR 449 dHol& ~7|v}

View_Definition €l°]E-& VID, ViewDef, 18]1 DTDID
o2 FAHEL VIDAE 39 ID7}, ViewDefdl:= %
9 A(F, 42 FHAY o2 e XML Feo FF)7)
DTDIDEl &= #7F &=+ DTDS ID7} A3 8 A
o & A¥E XML AR AYUE mvE RER
o] HAE dEYEES O Ay dYgvEZ & XML
A oltH ol eXcelonol Al ¥4 9) *v"‘M] g de] A
I A Z2rh), geld 5 XML 22 BA4Y ded
E 992 8=} View Info Hio]lE3 View_Content o
g A}t View_Info o8& VID, VEID, DTDID,
DID, EID, EName, VEPath, VParentlD £402 3743
o} VIDol& ¢ ID7}, VEIDel= B dadE9 D7)
DID® EIDeE H delWEst A mapping)®¥E &%
XML &4 dglHwEe] DID$ EID7F AA€ch ENameo)
t § dedEe olFo] VEPathol: 5 dzwEes 7

& AHE7}, VParentIDolE & Wl 35 deWE9 D}
A4drh. View_Content Hlo]&& VID, VEID, DTDID,
DID, EID, VEPath, Content $402 7A€ (19 6)
3 (28 De olE HolEe Tz oF e oz
(¥ 59 Element_Info Hlo]¥3} Element_Content o] &
of 4gE XML &A1& ti¥deg XML @ “/bookstore/
book/author{first-name=“Michael’]"& 43813 ZAx7} 2
AR AAE o8 vehha 9l

32 XML 4= E#4e SQLRo wE

XML &2 9 XML A#Fo gg XML 22 384
& olEo] #4 DBMSY HolEo] xgHo] 917] o]
SQLE ¥@so Hag MV f39 79 ##d XML
A2 BE4L View_Info HolE# View_Content Eﬂ°]“
of ¥ SQL F¥2o2 WEsm, BDMV F¥o A
XML &2 % AAH g XML 48 X84e 7ty
Element_Info ®)¢]&/Element_Content ®lo]E-o] w3 SQL
T&# View_Info Ho}¥/View_Content Eo]Eo] st
SQL 7&o8 Hggy

& & DIDE F¢3tE XML #4550 AHE o
%lUril 1A &, o8 BEME a® FE duWHER 3

i, bst cE 27 a8 A4 deHE &4 dHE}
Q"i d%}t e¥ c9 A4 dEHERA D(eal) dPE
? F&2E Zeu

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

o DTDY ID=nolg}x & uj, olE EASd uilo
A2 HEH ab/c7t FolAE, o]& View_Info Hlo] &3}
View_Content Hjo| &l i3] 2tz} o3 722 SQL #o
2 ¥gsEo 9714 ORDER BY & A9 Ao EE
AEH s XML H4& aedoz 837 93 Al
€8 Zo|th(33d #Fx). WY SQL £ L 43
& #8M+= Element Info o] Element_Content &
o]82] DTDID, EName, 18] EPath £A4] dl% <l
27} "3t vAAE View_Info Hlo]E3 View
Content H°o]&2] VID, EName, VEPath £A¢] tla]d %
A 27t Py}

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 ParentlD
1 1 1 bookstore bookstore NULL
1 1 2 |book hookstore/book 1
1 1 3 title bookstore/book/title 2
1 1 4 #PCDATA hookstore/book/title/ HPCDATA 3
1 1 5 |author bookstore/beok/author 2
1 1 6 first-name hookstore/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 |#PCDATA bookstore/book/author/last -name/#PCDATA 8
1 1 10 jauthor bookstore/book/author 2
1 1 11 |first-name hookstore/book/author/first-name 10
1 1 12 [#PCDATA hookstore/book/author/first-name/#PCDATA 11
1 1 13 |last-name hookstore/book/author/last-name 10
1 1 14 |#PCDATA hookstore/book/author/last -name/#PCDATA 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/#PCDATA 16
1 1 18 {last-name hookstore/book/author/last-name 15
1 1 19 #PCDATA bookstore/book/author/last-name/#PCDATA 18
1 1 20 |content bookstore/book/content 2
1 1 21 title hookstore/book/content/title 20
1 1 22 |#PCDATA bookstore/book/content/title/HPCDATA 21
1 1 23 |chapter bookstore/book/content/title/chapter 20
1 1 24 title bookstore/book/content/title/chaptery/title 23
1 1 25  |#PCDATA bookstore/book/content/title/chapter/title/ 4PCDATA 24
1 1 26 |section hookstore/book/content/title/chapter/section 23
1 1 27 |sentence hookstore/book/content/title/chapter/section/sentence 26
1 1 28 #PCDATA bookstore/book/content/title/chapter/sectiory/sentence/¥PCDATA 27
1 1 29  Isentence hookstore/book/content/title/chapter/section/sentence 26
1 1 30 #PCDATA bookstore/book/content/title/chapter/section/sentence/#PCDATA 29
1 1 31 |price hookstore/book/price 2
1 1 32  [#PCDATA hookstore/book/price/4PCDATA 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  |4PCDATA hookstore/book/title/#PCDATA 3

(a) Element_Info Hl°lE
DTDID | DID | ED EPath Content
1 1 bookstore/book/title/#PCDATA XML Database
1 1 7 | bookstore/book/author/first-name/4PCDATA Michael
1 1 bookstore/book/author/last-name/4PCDATA Johnson
1 1 12 | hookstore/book/author/first-name/#PCDATA 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/4PCDATA 1. Introduction
1 1 25 | bookstore/book/content/title/chapter/title/fPCDATA 1.1 Why XML and Databases
1 1 28 | bookstore/book/content/title/chapter/section/sentence/#PCDATA There are may reasons why we might wish to---
1 1 30 | bookstore/book/content/title/chapter/section/sentence/#PCDATA In this book, we'll see how XML may--
1 1 31 | bookstore/book/price/HlPCDATA $22
1 2 4 | bookstore/book/title/ APCDATA XML Beginning

(b) Element_Content o] &
(712! 5) Flement_nfo El0E 3 Element_Content ElOIgel 7= % 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/HPCDATA')

ORDER BY DID, EID

3, vk A2 BEA o] "y Aol EHo 9
¥ o]F SQL %9 WHERE Ao utggo]o} gt}
98 E9°, ID=ngl DTDE &&= &% XML &4
Bl Ugtd A2 ZEA ab//d=xT7t FoRAE, o=
Element_Info ®l¢]£1} Element_Content Hlo]&o] tjs)
27t o g3 2e SQL tEeE HEEd

SELECT *
FROM  Element_Info
WHERE DTDID=n AND
((EName = ‘c’ AND EPath = 'a/b/c’) OR
(EName = ‘d’ AND EPath = ‘a/b/c/d’) OR
(EName = ¥PCDATA’ AND FEPath =
‘a/b/c/dHPCDATA’) OR
(EName = ‘¢’ AND EPath = ‘a/b/c/e’) OR
(EName = "#PCDATA’ AND EPath =
‘a/h/c/eHPCDATA™Y
AND DID IN(SELECT DID
FROM Element_Content
WHERE DTDID = n
AND EPath = ‘a/b/c/d/
#PCDATA’
AND Content = ‘%’
ORDER BY DID, EID

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

284 7] SQL FEE Y "y Ad=xD& f%}’a*
BEA Agstx Fale FA7 k. dg B9, e
di e ER F2E 77%~ XML #AM7} leta 7}233}1}
(==& JdYYEE, B3 oo EL b8 vednh.

T
e

< a-—an
< o —n0
X o —0

) )

AR EEA a/b/c/ld='x
o] EME Uder Y&y 8 FEZ &

18 #8247 SQL &
A 7ke] A

EYE Fdz 9@sd g0 F AY9E d9 #el x

H F oS v AE EFJ g 47t olEolt),
< dEHE d9 go] x7F b a yol A
H EE O AN AR R wely A2 ®
oA e SQL B9 4z wigHE: R AEY
—8.— —’?‘—7} HH Y g 8@t o AL SQL &9 A

€ T43%e FE 2EHo] ORDER BY DID, EID &
.4311 4 dE2 Ze2EHYHY BEgEg B4 g9s
Y FESS WHYE F 8% & 9k

AE EEA U A9 AdH137F £38 49 SQL
B2, A A7 s AH(F, ab/o)e] SQL #9
WHERE del X A7) 22} k= daied g =
€ AMAstd "ok dE o, ID=n% DTDE FF3&
3 XML &A1 8¢ diste] 342 B84 ab/c\d7t Fo
A, o] Element_Info H°|23 Element_Content ]

Ty

=° H& 747 g&3 £& SQL TR Wi,

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 FEPath =
‘a/b/c/e/HPCDATA’))

ORDER BY DID, EID

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

3.3 XML EfZ

XML %% 3dH 27 HEe SQL 79 48 Az
v 7F etk o] A%E siAm doe HF AnE
XMLEZ 7487 H3iMes HH g 7o) o]Fojxo 3
H 2 TEAANE SQL #9 AAE A= FSo| ul
&g mvict 57 2RE B T2 94 A9 An
& XMLE RBASEE &9t &, SQL #9 3 dal
FE AT 2F @ Fo oy Fol vizs B4 F
ol Bol7te Aol olyzl, SQL 9 AH HZof sht
A oA weith B T2z ulE d¥dY HF A
I XML #A4E& #Asks do] Zek<l(pipeline) 4]
Aol +gErt o, o HolM 7&d AP go] P A4
A7t A A E dEEHE A9 B E AEYAA EA
GAE(F, Y DID &g ZE RFEEA g&) 9AH
2l HMHo] Tt FEE XML H79 f3e =A
A2 BEel zA(HE dibe] 4A9 A$st HAHA
B AR PRI, l“—“‘ oAl BD B MV #39
259 BD+MV #¥9 A%z FEE
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