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Studies on Efficient Query Processing

for XML Data Considering Access Bias”

Nobuaki Nakao

Abstract

We propose two schemes for efficient query processing of XML data by taking
locality of data access into account. By the spread of XML format, large-scale
data described with XML are increasing. There are such XML data whose sizes
are several GB. In large-scale XML data, the processing cost grows depending on
the sizes. However, in general, there exists locality in XML data access, that is,
we can find some portions that are accessed more frequently than elsewhere. In
our schemes, for XML data being processed, we assume that typical queries and
their frequencies are known in advance. Based on the information, we can know
bias of the access frequencies of each portion.

Our scheme consists of two methods. One is a method of using partial com-
pression, and the other is a method of using partitioning. We can reduce the size
of the data processed by these two methods. This enables us to process XML

queries efficiently by taking bias of access into account.

Keywords:

XML, query processing, access frequency, data compression, data partitioning

* Master’s Thesis, Department of Bioinformatics and Genomics, Graduate School of Infor-
mation Science, Nara Institute of Science and Technology, NAIST-IS-MT0351086, February 3,
2005.
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1.1 XML OOOOOO

WWW (World Wide Web) 00 0000000000000 0O0O0O0OOOO
godgobobobbobbbbbbdddddddddlououuoUooU o
Oo0o0o0oobooooboooowww Oogoooooooobooog HTML
(Hyper Text Markup Language)[19] 0000000000000 O0O0OOOO
OOOHTML OOO0OO0OO0OU0OU0OO0OOoOoooooobobbbbobobooog SGML
(Standard Generalized Markup Language)[34) 000000000000 0O0O0O
gooowww oooooooooooooooobobobobbooooooo
gooooooooobobon

00000000000 W3C (WWW Consortium) 0000000000
XML (Extensible Markup Language)[23] 00 OO XML OOSGML 00000
g boobbbbbboooood
ggdobobboooobobobbooooobbbuooooXxMLooboooood
ggouoobobobooodgoouoobobobbob b oooouoouoooo

XMLOOODOODODOOOOoooooobboooooboobooooooo
gboboobodboobboobobbooboobobobboobuooboboon
gobbooobobooobboboobbooobbooobb XMLODOOOO
gogogobbobooobbobbdduoooobobouobobbboooooooo
00oooooooo XMLOOODOOooooooOo MBOOO GBODOOO
0ob0ooooboo XMLOOOODDOOoOoooOoobooboooooboooo
gdddbboooooooooooooobbbboooo



1.2 XML OOOOOOOO

XML OOOOOOOOOOO XMLOOOOOOOOOXML OO0 API
(Application Programming Interface) OO 0000000 OOXML OOOOO
000 DOM (Document Object Model)[18] O SAX (Simple API for XML)[14]
0000 APlODDODDOOO0ODOOOODOM O W3C OOOOOOXML OO0
HTML OOODOOOODOO APIOODODOODOOODOODOOODOOODOO
googoooooooobooooonooooouoooooooonod
00o0doooooooooboooooboooooboM O XMLOOOOO
00oooooooooooooooooooooooXMLOOOOoooooao
gooodoooooooooooooooooooooooooooonod
gooooooooooooboooobooooooooooooooonod
gobgoooboooobuoobobuooongoooonooonod
O000SAX O XMLOOODODOODODODOODODOODODOooDoOOoooooooo
XMLOOOOODOODODOODODOODOODODOooDOoooOOo ApPlODOOODOM OO
0oodoooooooooooooooooonodoooooooooood
0000000000000 bDoo0ooobOoDo0obOOoobOooooonosAX
OOoXMLOOODODODOOOOOooooOooooooooooooboboooon
gobgooobuooobuoooobuoooooooouoooood
0oodooooooooooooooooooooooooooooonod
0oodoooooooobooooonoooonooooongooonod
gooooboMOOO0OO0ODOO0OO0O0ODOOOOO0OO0OO0DODOOOOoOO0OoOoDOoOOn

000000 APIO XMLOOODODODOOODODODDODOOODDOOOOODOXML
0000ODOO0o0o0o0opDoDobooooooboM OO XML ODODDOOOOO
googooooooionooodonoooouonooodonoooooan
SAXOODODO XMLOODODODODODODODODOODOODOoOoooooooooooog
000 XMLOOOOOOODODOoOOoOOoOooooooooooooooooooad
gooooooooooooooooooooooooooooooooood
00000 title 000000 0O0O0O0O0O0OOO0OOOO0O0OO bodyOODDOOO
0000000 XMLOOOODDODOOODDODODOO XMLOODODOODOOtitle O



OO0o0O0o0o0o0O0o0ooooobooboboopoMObDOoXMLOODOODOO
OO00000O0000b0ooboooonotitled DO body OOODOOODOODODO
oboobobobobOobOobobobDooboob titleb00bODbODODO
O0oopbDoboboOoboobO bodyDODOOOOOODODOOOODODDOO
OO0O00oO0boooboobotitledboooobOobOOobOOobDOobobDOoDO
OO0000bO0bO00O00b0obO0oboboobo0o0obOobDOooOoosAX OO
OOoXMLOOOOOODOOOOoOoooooboobobobooooooboooo
Oo000oobooooobootitled D00 body UODODODOOOOODOOODOO
ggbbooobogboobbuooobbuoobbooobbooobbao
oooobooobobOoooobobooobDoooob0obobo0ngd body OO
gbobdbobobobobobobboobbobUobobOobotitlen ™
OO00O0Obody DOODOOOODDOOODOOOODOODOOODDOOODOOO
gbooooooboboobooboobooXMLOOOoOoooooooooo
ggbbobuoogoobo

gbboggboobboobbuooobboobbuooboboobobogb
gobboobobodbbuoobboobbooobbooobboobao
goboooooXMLOOOoobOooboooboobooboobooboo
god

1.3 U0ooonooooobuobuoogonon

gbobooobobooboboboobo XMLOODOoDOOooooDbo
gugodogoooobobbbbbbobbiddoooooooooooon
gobboobobogoboboobbooobboobobooobbuoobooo
ooooo XMLOODODOOOOoOOoOoooooooboooooooboooo
gobbdgbbogbbuooobbuobobboobbboobobobbood
googgooobbbbbbbbbbtbdddoooooooooooobn
gobbooboboodgbboogbooboboobbooobbuoobood
ggbboboooobbboooooboboood



(1) 00000000000 XMLOOOOOOOOOO [31]

goooobooboo XMLOODODOooooooboobooboooo
goooboboobooboooooXMLObOOoobooboooobooo
gogdgobbobobbbboabbobobougooooobboboboboo
googgobobbbbbdooooooobooooobbbbooboo
gogobbobbooooooobbobboooooooobobooboo
gogboooogd

(2) 00000000000 XMLOOOOOOOO [30]

gooobobooboo XMLOODODOO XMLOOODOoOooooo
gbobobobobobobooooooXMLoboobobooooo
gogobobobbooooooobbobobboooooooboboobood
0000000000000 000000000DataGuidel6) 00000
gboobobooboobboooboobbobbooboobboob
gogbbbuoooobbboogoob

gbooobgobuooboobuooboobobboooXMLboooood
gbobogobooobboobbuooobbogobbooobbuoobood
gdddggoooooboobbbbbbbbobobobobobobbbbbbob
gbooogo XMLOOODOOobOoooobooboboooboooboboooo
gboboobobobobdobooobobobuoobooboboboobobod
gobbbooodgbbobodo

000000000000 0OOCOO0OOOODODODDODDODOOOOOOOoOoOOq)
gbobboooboodbbuooobbuooobbuoooobbooobbood
gboboobobuoobobobooboboboobbooobobobogo
0000000000000 000000D0O0D0oOoOooOoOOOODOOO0O()
gbobooboobooboboboobobooooboboobobobod
gbbogbooobobbuoobbbuooobbuooooobboobbood
gboboboooboobobooboo XMLOooooooobobgoood
gobbobuooobobboooobobooon
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gboopoboobodobboobuob 2000b00b000DDbDOXML
gbobooboooogbbobbod 3buuouobboobooooooboon
gbooggboggbob 40bbubooooooobooboobboon
OO0 XMLOOOOODOOOOobOOooooooooooboboooboooo
Oooboobdoobbo sbuobbgboobobobooobboobobob
oo XMLOODOODOoOooOoboooooooooboboboooboboo
ggboodobbbbendoobbbuooobbbodn
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2.1 XML

XML (Extensible Markup Language; 000000000000 )[23) D OW3C
(World Wide Web Consortium) 00000000 XMLOOOOOOOOOO
O00001998 000000000XMLOOODODODODOODOOO0OO0O0O SGML
(Standard Generalized Markup Language)[34] D00 000000000000
godddodbbbbdddddddiddduuduoouoooooaa
O0O000O0o0obOoooooooooo sGMLODODOObOOoooooooon
OooboOooobo0oooobobooooooooboooXMLOOOooOo
gogdbobobobobobbbbbbdododdddoooooooooooooo
00000000000 0000XMLODODODDOOOOOoDoDODOO XML OO
gooooobobobbod

(1) XMLODODODOOOOOOOO0O00000000
(2) XMLODODODODOODOOOOOOOOO0O0000O
(3) XMLOOSGMLOOOOOODO

(4) XMLODODODODOOOOOOO0000000

(5) XMLOOODOOODOOODODODODOOOO0DODOoOOooOOoooooooooo
goon

(6) XMLODOOODOOODODODOOODODDOOODODODDOOOODOOOO

(7) XMLODOOOOOOOOOOO



(8) XMLOODOOOOODODOOOOODOOOOOoOO
(9) XMLOODOOODODOOOOO

(10) XMLOOOODOODODODOOOO0O0O0OO0O000O0o0ooo

XML O SGMLOOOOOODOOOWWW (World Wide Web) 000000
gbobogbobooodbbuooobbobbuoogboooboobbooon
gbobogoogobboggbbudbbuogoboooboobbooon
O00OXMLOOOOOOOOOOXMLOOO'OODOODOOO0OOO0OOO0OO
OOooobobobooboooboooooXMLOoDgoooooobobooooo
gbobouodgboboboooobon

2.1.1 XML OO

XMLOOOOODOOODODOOXMLOOOOOOODOOXMLOOOOOO?
goobooooobobboooooXMLbObooooooobobobooooo
oo0o210 XMLOOODOOOOO

XMLOOOOOXMLOOOODOOOooooooooobooooooobo 21
U0 1000 XMLOOODODODODOoOooooXMLOOOODDODOO 1o00ognO
Uodd iso-2022-jp D0 000O0O0O0OOOOO

00000 (Document Type Definition; DTD)[17] 000000 XML OOO
gugododooodooooooooooobodoodyyUUUUUuUUug g
gdddooooooob 2100 200b0b0bboboboboobaobnbboboobood
gOdob0DbDOod bookdtd DDDOO XMLOOODODDODOOOODODODDOOOOO
gooboboboooooobobbtboooooobDbboo0oooooboobooDbTD O
SGMLOOOOOOOOODOODOODO0O0O00O0O0000O0O0OOOXML Schemal[22]0
RELAX[12] 00 XML OOOOOODOODODODODOODODOOOOO

IXMLOOOOODOODOOOO0O0000000000XMLOOOOOOODOOOOO0O00O00

gooobooooobooboooooooooon
XML ODODOO0OO0OOO0D0D0O00O0O00D00000000000000 XMLOOOOOOO

gbooobOobooobooboboooooboooon



<?xml version="1.0" encoding="iso0-2022-jp"7>
<!DOCTYPE book SYSTEM "book.dtd">
<book bkID="01">
<title>XML Processing</title>
<authors>
<author>Tanaka Taro</author>
<author>Suzuki Hanako</author>
</authors>
<price>2800</price>

</book>

021 XMLODOO

XMLOODODODOODOODOOobOobooboooooooooooooooooo
gbodbobbogbbodgbuooboobbobbooboobooboobn
gobbobobbougoooobbboobbbodooooon,ooooobn
XMLOOOOOoOoooobooobuoobobuoto< O >000oboooo
00000000000 </0 >00000000000000D0000O000
gbobobod >gbgboobobbodb =000o0o0b0obboobob
goggobbbbbbtoduood 210 300 <book bkID="01"> 0 0O UOUOU
bookO O OO bkIDODODODOO 010000000 ODOODODODODODO
OO0000000D0OD00O 10000 </pook> 0000

gbobogobbuogobbooobboboobbuoobbooobbood
goboobooooobooXMLOobooobooooobooboooo XML
000000 (well-formed) 0 XML OOOOOOOOODODOOOOO XML O
gbooobooboooaoXMLoOooobgoooooboobooboobod
O XMLOOOOO (valid) O XMLOODODOOO

ooobobooooboobo XMLOODOooobobooooobobooboo
gobobooogobbodd



2.1.2 XML OOOOOO

XMLODOOXMLOOODOOOOOOODOooOOoooboooooooboooDo
gboboobboboboo XMLOODODOoOooooooobg XMLOODO
O000000000000000bD0bodDNode; DOD0 ODOOODODOO
gobboooobbbuoogboboboooobbbogo

(1) 0000 (Root Node) : DOODOOOOOOOO

(2) DOOOO (Element Node): 00000000000 OOOOOOOOO
gboobobbooboobboobodboobbobogbooooobd
gobbobogobbobuoooobbboooobobobuooooboo

(3) OO OO0 (Attribute Node) : 0000000000 ODOODOOOOOO
gboboooooboboboboooooboXMLooooooooo
goobodg

(4) 000000 (Text Node) : 00 000000000000 XMLOODO
00000000000000000

022000 210 XMLOODODOOOOOOOOOOO
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A #-F
A ER—E
O E/—r
O

book XF5/—k

3 4 6 11

bkID  tifle authors price
01
XML Processing author author 2800

bt

Tanaka Taro Suzuki Hanako

022 XMLOOODOOODOOOO

gobooboobgo XMLODODOOoOoOOooDooboobooooooo

DoOOo0DXMLOODO

DOoOOooOOo D= (V,E,r) 0000000 0O0ODOVOOOODOOEDO

gooobdr-oooboobg revVoogno

2.2 XPath

XPath (XML Path Language) 1.0 27) DOXML OOOOOOOOOOO (ad-
dressing) 0000000000000 0O0OXPath O W3COOOOOODOO
000000 XPath 1.0 0000XPath 20 000 OO (Working Draft) O O
OO00b00DOobDOoboOXpPath O XMLOOODDOOOOODDOODOOODO XSLT
(XSL Transformations)[20] OOXML OO OO0OO0O0O0OO0O00OO0O00OO0O0O00OO
0000 XPointer[21] 0000000000000 0OOOO (Syntax) 0000

11




(Semantics) 0000 00000000000000000000000000
0000000000000 XMLOODOOOOOO0O00O0O0 XQL (XML Query
Language)® [13)00000000000000XMLOOO0O000000000O
000000000000000000000000000000XPath 0 W3C
000000000000000000000000000000000000
0000000 (25, 10]0

XPath 0002200000000 XMLOOOOOOOOOO0O00O00O0O0O
D0000000000000000000XPath0000000000000
0000000000000000000000

221 J0O0ooood

XPath OOOOOOOODODOODOOOODOOOODODOOOOXMLOOOO
gboboobooboboooobboobog 220000000000000
O0O0b0OoDOoD bpook DOODOODODOODO titleODOOOO0OOOODOO
ggbboobuooobobobooogn

/child::book/child::title

goooooXMLOOOooOoobooboobuoobuoobooboobooo
gogbbobooodaboo
gbbodbobodgbbuoooboobboobbooobboobbood
googbboooobbuooobboooobbooobbbooobboo
ggbbobuoooobobboooobobod

(1) O (axis): 0000000000
(2) 000000 :00000000000000000

(3) OO (predicate) : [ | D000000OO0OO0O0O0OOOOOOO

SXQLOOXPathOOOOOOOOOXMLOOOOODODOOOOOOOOOO
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0000000000000000D0O 3000000000000 00@3) 0
gbboooboodbboobboodobbbooboobbuooobboob
gbobuooogbbbod

000000000000000 child:item[position()=2] 00000000
godddddddddoodooooooooooooooooboobobbobbn
gboobuogoobbbuoooobbbouoooooobod

(1) 0 :000000 (childO)

(2) 000000 :item 0000000000

(3) 00 : 2000 item OO
0000000000000XMLOOOO000O000000000

ggoooboo
ob0obobOobobooboo XpathOOOOOOOOOoOODODODO
O00000000000000000Ochild (“/”) 00000
/descendant-or-self::node()/ (“//7) 0000000000000 OO0
goooobooon
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2,22 JO0OO

XpathOOOOOOOOOOOOOOOODOOODOOOD 210000000
gboobooogon

021 XPathOOOGOQOO

gooad goad
child:: (00DO0O000D)
attribute:: @
/descendant-or-self::node()/ //
self::node()
parent::node()

gboobuoodgboobuoobgooobobbobboobooboobon

/child::publications/descendant-or-self::node() /child::book|child::title="XML”] /attribute::isbn
/publications//book]title="XML”]/@Qisbn

223 000

XpathOOODOOUODOOODODOOODOOOOOODOODOOoOOobobOOoDboo
(document order)! 0000000000000 OO0ODOOOODOOOOOO
(preorder) DO 0OO0OO0O0O0D0OO0OO0OOO0O0OOXMLOOODOODODOOOOOO
gobbooobobooobboooboooboooooobbuooobboo
gobobooboodobbuooobboobbuooobbuoobbooobbao
00°00 210 XMLOODOOOOOOOOOOOO 22000000000
ggbbobooogbboboooobbobooogoon

{00000000000000000000000 (reverse document order) 000000
0000000000000000D00000000000000D000000000
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UbobOXpPathOOOOOOOOOOOOoOOOOoDOoOoOOobOobOobDOoo
0000000000000 00000000000000 position() 0000
gboboodbbugboboobboobbooobboobbuoooboboob
gbobooggbobobuooobbbooogn

23 XML OOOOOO API

gooooooooooo XMLOooogoooooooooXMLDODDOO XML
0000000000000000000000 API (Application Programming
Interface) OO0 00000000000 O0ODOOOOO0O0OODOOOOOOOO
ODOMO SAXOOOOUODODOOOOOOOoOOODOoOoooooooo

2.3.1 DOM

DOM (Document Object Model)[18] 0 W3C 000000000 O0XML OO
000 HTMLOOOOOO APIOOOODOMOO 100 30000000
000000000000000000000000000000000DOM
Level 3000 0000000000000000000000000000O0
000000000000000000000000000000000000
0000000DOMOOO00000000000O0000000000000
00000000000000000000000000

DOMOOO0O000000O0XMLOOOOOOOOOOOO0OO0O0OODOM OO
0000000000000XMLOOOOOOOO0000000000 DOM
000000000000000DOMOOOXMLOO0O0O0O0O0O000000O
0000000000000000000 DOMOOOOOOO00000000
0000000000DOMOOOXMLOOOOOOOO0O0O0O00000000
000000000000000000000000000000000000
0000000000000000000000000000000 XMLOO
0000000000000000000000DOMOO0000000000
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023000040

XML 7—4%

<a>

<b>
XXX

</b>

<c>
<d>yyy</d>
<e>zzz<l/e>

</c>

e 7 »EYE

VN — SN

023 boMOOOOOOOO

0230000000 XMLOOOODO XMLOOOODOMODOOOOOO
OOoboooobooboobogoobooooobpoMbOobooooooonDO
oooooooobboobo bpoMObOOoOooOoooOobobooboooobooboo
ggoboboooobbooogn

2.3.2 SAX

SAX (Simple API for XML)[14] O O David Megginson 000000 XML O
00000000000 XML-DEVS 0000000000000 O0O0O000
gooooobooooboooboooooooooooooooooooonod
0000000000000 APIODODOSAXODOOODOOOOO 200000
ogoooo 100 2000000000000 000000000000000

6 http://www.xml.org/xml/xmldev.shtml
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O0200000000000000SAXOO0O0ODOODODOO XMLOODOODO
gbbooogbbobooaboon

SAXOOODOOOOOO AplO0OOO0ODOOO0ODOOOODOOOOD
gbobogbboodbbugbboobboobooobbuoobbooon
gbobodbbogobbuoobobboobobbooboboooobboodon
ooboMUODOOOOOOODOOoObOODbDObOOUOOOobDOobOoOoboOoDbOobO
Oooboooooboboobo XMLOOOOOobOooboobuoobobooo
ODOO000O00DOo00DoOOoSAXOoOoooooooooo 240000

XML 7—% S ik
BRI a

<a>

\ 2B A 4

- BRI b 7
& XXX = - j
% ¢ </b> XML P SIBARE  xxx i)
<c> —
s yyy<ids ERET b pa
<e>zzz<le> / \—'U' J
</c> <
<fa> : 3
v
ER#ET a
XEHET -

024 SAXOOODOOOD

02400000XMLOOOOSAXODOOOO XMLOOOODOOODO
gbobodbogobuoobbooobboobooboboobbooooboon
gbuooogogboobbuoobobobobogbboooboboobobuogbo
goboobuodgbooboboobboobboboboboobuoobobooobobo
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XMLOOOOOoooobooboobuoobuoobuoobooboobooo
ooOoobooobooXMLOOOOOoDoOoooooooobobooboooboo
gbboboogoboboood

3.1 XML UOUOOOooogoood

XMLOOOOOOOOODOOOOOOODODDOOOOgzip[7]0bzip2[5] O
gboodbbuogobobooobobooobbuooobbooobbooobbon
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000000 assignFrequencies(d: XMLOOO,Q:000000)
begin
foreach v in V
foreach ¢ in @
if (v € EvalQuery(d, q))
F(v) = F(v) + F(q)
endif
if (v € EvalQueryAnc(d,q))
while (vepig = getChild(v))
F(v) = F(v) + 2taa . p(q)
end
endif
end
end

return V

end
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000000 compressionXML(d: XML OOO)
begin

compressionX ML Recursive(d, r)
end

return d

000000 compressionXMLRecursive(d: XMLOUOO,w:000)
begin
if Fu) < «
return compressionNode(u)
else
forsechv e v 00000
compressionX ML Recursive(d, v)
end
endif
end

000000 compressionNode (u:000)
begin
forsech v € getHotspots(u)
addHotspotFlag(v, u)
end
compressionData(u)
end

000000 getHotspots(u:O000)
begin
H=0
forsechvew 00000
if F(v) > 6
H.add(v)
else
getHotspots(v)
endif
return H
end
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A XMark OO0 DTD

<!ELEMENT site (regions, categories, catgraph, people, open_auctions, closed_auctions)>

<IELEMENT categories (category+)>

<!ELEMENT category (name, description)>

<!ATTLIST category id ID #REQUIRED>

<!ELEMENT name (#PCDATA)>

<!ELEMENT description (text | parlist)>

<!ELEMENT text (#PCDATA | bold | keyword | emph)x*>
<!ELEMENT bold (#PCDATA | bold | keyword | emph)*>
<!ELEMENT keyword (#PCDATA | bold | keyword | emph)x*>
<!ELEMENT emph (#PCDATA | bold | keyword | emph)x*>
<!ELEMENT parlist (listitem)*>

<VELEMENT listitem (text | parlist)*>

<!ELEMENT catgraph (edge*)>
<!ELEMENT edge EMPTY>
<!ATTLIST edge from IDREF #REQUIRED to IDREF #REQUIRED>

<VELEMENT regions (africa, asia, australia, europe, namerica, samerica)>
<!ELEMENT africa (item*)>

<!ELEMENT asia (item*)>

<!ELEMENT australia (itemx)>

<!ELEMENT namerica (itemx)>

<VELEMENT samerica (itemx)>

<IELEMENT europe (item*)>

<!ELEMENT item (location, quantity, name, payment, description, shipping, incategory+, mailbox)>
<!'ATTLIST item id ID #REQUIRED

featured CDATA #IMPLIED>

<!ELEMENT location (#PCDATA)>

<!ELEMENT quantity (#PCDATA)>

<!ELEMENT payment (#PCDATA)>

<!ELEMENT shipping (#PCDATA)>

<IELEMENT reserve (#PCDATA)>

<!ELEMENT incategory EMPTY>

<!ATTLIST incategory category IDREF #REQUIRED>
<!ELEMENT mailbox (mail*)>

<!ELEMENT mail (from, to, date, text)>
<!ELEMENT from (#PCDATA)>

<!ELEMENT to (#PCDATA)>

<!ELEMENT date (#PCDATA)>

<!ELEMENT itemref EMPTY>

<!ATTLIST itemref item IDREF #REQUIRED>
<!ELEMENT personref EMPTY>

<!ATTLIST personref person IDREF #REQUIRED>

<!ELEMENT people (personx)>

<!ELEMENT person (name, emailaddress, phone?, address?, homepage?, creditcard?, profile?, watches?)>
<!ATTLIST person id ID #REQUIRED>

<!ELEMENT emailaddress (#PCDATA)>

<!ELEMENT phone (#PCDATA)>

<!ELEMENT address (street, city, country, province?, zipcode)>
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<!ELEMENT street (#PCDATA)>

<VELEMENT city (#PCDATA)>

<!ELEMENT province (#PCDATA)>

<!ELEMENT zipcode (#PCDATA)>

<VELEMENT country (#PCDATA)>

<!ELEMENT homepage (#PCDATA)>

<!ELEMENT creditcard (#PCDATA)>

<!ELEMENT profile (interest*, education?, gender?, business, age?)>
<!'ATTLIST profile income CDATA #IMPLIED>
<!ELEMENT interest EMPTY>

<!'ATTLIST interest category IDREF #REQUIRED>
<!ELEMENT education (#PCDATA)>

<!ELEMENT income (#PCDATA)>

<!ELEMENT gender (#PCDATA)>

<!ELEMENT business (#PCDATA)>

<!ELEMENT age (#PCDATA)>

<!ELEMENT watches (watchx*)>

<!ELEMENT watch EMPTY>

<!'ATTLIST watch open_auction IDREF #REQUIRED>

<!ELEMENT open_auctions (open_auction*)>

<!ELEMENT open_auction (initial, reserve?, bidder*, current, privacy?, itemref, seller, annotation,
quantity, type, interval)>

<!ATTLIST open_auction id ID #REQUIRED>

<VELEMENT privacy (#PCDATA)>

<!ELEMENT initial (#PCDATA)>

<!ELEMENT bidder (date, time, personref, increase)>
<!ELEMENT seller EMPTY>

<!ATTLIST seller person IDREF #REQUIRED>

<!ELEMENT current (#PCDATA)>

<!ELEMENT increase (#PCDATA)>

<!ELEMENT type (#PCDATA)>

<!ELEMENT interval (start, end)>

<!ELEMENT start (#PCDATA)>

<!ELEMENT end (#PCDATA)>

<!ELEMENT time (#PCDATA)>

<!ELEMENT status (#PCDATA)>

<!ELEMENT amount (#PCDATA)>

<!ELEMENT closed.auctions (closed_auctionx*)>

<!ELEMENT closed_auction (seller, buyer, itemref, price, date, quantity, type, annotation?)>
<!ELEMENT buyer EMPTY>

<!ATTLIST buyer person IDREF #REQUIRED>

<VELEMENT price (#PCDATA)>

<!ELEMENT annotation (author, description?, happiness)>

<!ELEMENT author EMPTY>

<!ATTLIST author person IDREF #REQUIRED>
<!ELEMENT happiness (#PCDATA)>
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