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Abstract Today, XML is becoming widely used, but if we want to use XML more useful, XML had better be used
not only text. So this paper suppose an approach which store XML documents in a relational database, and search
from the database. But XML documents are conformed RELAX NG schema. The reason we choosed RELAX NG
as schema of XML documents is that RELAX NG can design detailed schema. And we consider an approach to
extend XRel system, which manages XML documents in a relational database.
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ogooo
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d) Path
pathexp,pathID 00 0000000000000, 00 ID
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<books>
<book style="textbook">
<title>Designing XML applications</title>
<editor>
<family>Bob</family>
<given>Kraft</given>
</editor>
<author>
<family>Nick</family>
<given>Marcus</given>
<family>Bob</family>
<given>Pant</given>
</author>
<summary>
This book is the guide to design
<keyword>XML</keyword>applications.
</summary>
</book>
</books>
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0 1 Element

doclID | pathID | index | reindex pos
1 1 0 -1 0.1,18.3
1 2 0 -1 0.2,18.2
1 4 0 -1 0.3,3.1
1 5 0 -1 3.2,5.2
1 6 0 -1 3.3,4.1
1 7 0 -1 4.2,5.1
1 8 0 -1 5.3,9.2
1 9 0 -2 5.4,6.1
1 10 0 -2 6.2,7.1
1 9 1 -1 7.2,8.1
1 10 1 -1 8.2,9.1
1 11 0 -1 9.3,18.1
1 12 0 -1 16.1,17.1
0 2 Attibute
docID | pathID | attribute pos
1 3 textbook | 0.2,0.2
0 3 Text
doclID | pathID value pos
1 4 Designing XML .... 1,3
1 6 Bob 4,4
1 7 Kraft 5,5
1 9 Nick 6,6
1 10 Marcus 7,7
1 9 Bob 8,8
1 10 Pant 9,9
1 11 This book is ... 10,16
1 12 XML 17,17
1 11 applications 18,18
0 4 Path
pathexp pathID
/books 1
/books/book 2
/books/book/@style 3
/books/book/title 4
/books/book/editor 5
/books/book/editor/family 6
/books/book/editor/given 7
/books/book/author 8
/books/book/author/family 9
/books/book/author/given 10
/books/book/summary 11
/books/book/summary/keyword 12
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<element name="addressbook"
xmlns="http://relaxng.org/ns/structure/0.9">
<zeroOrMore>
<element name="card">
<element name="name"><text/></element>
<oneOrMore>
<element name="email"><text/></element>
</oneOrMore>
<oneOrMore>
<element name="email">
<element name="account"><text/></element>
<element name="server"><text/></element>
</element>
</one0rMore>
</element>
</zero0rMore>
</element>
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<addressbook>
<card>
<name>Masatoshi Yoshikawa</name>
<email>yoshikawaQitc.nagoya-u.ac.jp</email>
</card>
<card>
<name>Norimasa Terada</name>
<email>terada@dl.itc.nagoya-u.ac.jp</email>
<email>
<account>h013104b</account>
<server>mbox.nagoya—u.ac.jp(/server)
</email>
</card>
</addressbook>
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- addressbook(Ax)
- card(B,C+,D+)
- name(g)
email(g)
- email(E,F)

-~ account(e)
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[
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card
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name
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element

account server
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pathexp pathID | reverse
/addressbook 1 1
/addressbook/card 2 241
/addressbook/card/name 3 3241
/addressbook/card/email 4 44241
/addressbook/card/email 5 58241
/addressbook/card/email/account 6 6854241
/addressbook/card/email/server 7 #5241
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docID | pathID | index | reindex | pos
1 1 0 -1 0.1,8.4
1 2 0 -2 0.2,3.2
1 3 0 -1 0.3,2.1
1 4 0 -1 2.2,3.1
1 2 1 -1 3.3,8.3
1 3 0 -1 3.4,5.1
1 4 0 -2 5.2,6.1
1 5 1 -1 6.2,8.2
1 6 0 -1 6.3,7.1
1 7 0 -1 7.2,8.1

0 6 Element 000

dociD | pathid | index | reindex | pos

01,84

02,32

03,31

2231

3383

3451

5.26.1

6282

63,71

7.28.1
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0 O /addressbook/card/email[account="h013104b"]

00000 O 0 /addressbook/card/email 0O /address-
book/card/email/account D 0000000000 Element
00000000000 TextODOOOOOOOOOODOO

/addressbook/card /email/account 00 000 000 value
0”h013104b”0 0000000000
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account  server U0 O OO0O00O00O000O0O0O0O000O0O0
boboooobooooooboooooboboOooonon

reverse 10 O0000000000D0D00O parent 000000

pathID parent(reverse x,int y)
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0000000000000000000 pathIDO xOOO
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SELECT e.docID,e.pos

FROM Element e,Text t,Path p,Path p2

WHERE p.pathexp LIKE °’/addressbook/card/email’

AND p2.pathexp LIKE
’/addressbook/card/email/account’

AND t.value = h013104b’

AND e.pathID = p.pathID

AND t.pathID = p2.pathID

AND t.docID = e.docID

AND e.pos.contain(t.pos)

AND pl.pathID = parent(p2.reverse,1)

ORDER BY e.docID,e.pos
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<element name="catalog" xmlns="http://relaxng.org/ns/structure/0.9"

datatypeLibrary="http://www.w3.org/2001/XMLSchema-datatypes">
<zeroOrMore>
<element name="item">
<element name="id"><text/></element>
<element name="name"><text/></element>
<element name="price'"><data type="int"/></element>
<element name="discount"><data type="float"/></element>
<element name="discount"><data type="int" /></element>
</element>
</zeroQOrMore>
</element>

09 00000000 RELAXNGUOOOOOO

Oo0oo00OO0O000DO XMLOOOO 10000000
obooooooooooowocobobobooboOobooDo
goooooobooooboooooobObo0oooboog XMLO
O0000O0XPathODO SQLOOOO0O0O0O0O0OOOODODO
O00O00O0OXpPathOOOOOOOOOOO



0O /catalog/item[price<1000]

0000000000 /catalog/item/price O int 0 00 O
O00o0O0O00DbO 100000000000 price0O0O00DO
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<catalog>
<item>
<id>00000001</id><name>glass</name>
<price>540</price><discount>0.1</discount>
<discount>60</discount>
</item>
<item>
<id>00000002</id><name>table</name>
<price>1200</price><discount>0.2</discount>
<discount>300</discount>
</item>
</catalog>
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O000000O0OO00O0ooOoO0ooOO0oog discount 00O
000000000000 000000D PathOOODOO
OO0 pathIDOODOOOOO 500000000 PathODO
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05 000000000 PathOOO
pathexp pathID
/catalog 1 1 0(*)
241 0(*)
31241 0(*)
44241 0(*)
54241 1(int)
66211 2(float)
74241 1(int)

reverse type

/catalog/item
/catalog/item/id

/catalog/item/name

catalog/item/price
1 . .

/catalog/item/discount

N OO W N

/catalog/item/discount
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000000 SQLOOO00OO000O0O00000 TextdO
000000000000 0D0D00 Element 0000000
0000000 /catalog/item 0 00 0O Element O 0O /cat-
alog/item/price 00000 Text 0000000000000
00000000000 contain 00000O0O0O0OOOOO

06 All-Type 10000 Text O

docID | pathID | value value_int | value_float | (I pos
1 3 00000001’ NULL NULL | 0 1,1
1 4 ‘glass’ NULL NULL | IO 2,2
1 5 540’ 540 NULL | 0 3,3
1 6 ’0.1° NULL 0.1 | D 4,4
1 7 ’60° 60 NULL | 0 5,5
1 3 00000002’ NULL NULL | IO 6,6
1 4 ’table’ NULL NULL | IO 7,7
1 5 1200’ 1200 NULL | IO 8,8
1 6 0.2’ NULL 0.2 | D 9,9
1 7 ’300” 300 NULL | OO | 10,10
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SELECT e.docID,e.pos

FROM Element e,Path p,Text t,Path p2
WHERE p.pathexp LIKE ’/catalog/item’

AND e.pathID = p.pathID

AND p2.pathexp LIKE ’/catalog/item/price’
AND t.pathID = p2.pathID

AND t.value_int < 1000

AND e.docID = t.docID

AND e.pos.contain(t.pos)

AND pl.pathID = parent(p2.pathID,1)

ORDER BY e.docID,e.pos
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0000000 XPathOO SQLOOOOODOOOOODO
0000000000 0000D0C0C000 Element0O00OO00O
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oooooo0ooOoo NULLOOOODOOOOoOoOoO



0 7 Single-Type 00000 Text O

docID | pathID | value pos
1 3 ’00000001° 1,1
1 4 ’glass’ 2,2
1 5 ’540° 3,3
1 6 0.1’ 4,4
1 7 60’ 5,5
1 3 ’00000002’ 6,6
1 4 “table’ 7.7
1 5 ’1200° 8,8
1 6 0.2’ 9,9
1 7 ’300° 10,10
docID | pathID | value_int | pos
1 5 540 | 3,3
1 7 60 5,5
1 5 1200 | 8,8
1 7 300 | 10,10
docID | pathID | value_float | pos
1 6 0.1 4,4
1 6 0.2 9,9
SELECT e.docID,e.pos
FROM Element e,Path p,Text_int ti,Path p2
WHERE p.pathexp LIKE ’/catalog/item’
AND e.pathID = p.pathID
AND p2.pathexp LIKE ’/catalog/item/price’
AND ti.pathID = p2.pathID
AND ti.value_int < 1000
AND e.docID = ti.docID
AND e.pos.contain(ti.pos)
AND pl.pathID = parent(p2.pathID,1)

ORDER BY e.docID,e.pos
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00000000 Text OODOODOOO TextxQODODOO
OO000OQ0OD Single-TypeOOO0OO0OQOOOOOOODOO
Text UDOO0O0O0O valueOOOOOOOOODOOOO value
00000000 valueOOOODODOOODOOODOOOOOO
gooboboboobobooboooooooboooboobooooo
0000000Db0O0DbU0O0D00 TextOODOODDODOO
gooboobooboooooooooooobo

gs8sibobOobooooboooD
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docID | pathID | value pos
1 3 ’00000001” | 1,1
1 4 ’glass’ 2,2
1 3 00000002’ | 6,6
1 4 ’table’ 7,7
docID | pathID | value | value_int | pos
1 5 540’ 540 | 3,3
1 7 ’60° 60| 5,5
1 5 ’1200’ 1200 | 8,8
1 7 300’ 300 | 10,10
doclID | pathID | value | value_float | pos
1 6 ’0.1° 0.1]|4,4
1 6 0.2’ 0.2 9,9

gobodoobooooobooooooobooooboooobooa
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SELECT e.docID,e.pos

FROM Element e,Path p,Text_int ti,Path p2
WHERE p.pathexp LIKE ’/catalog/item’

AND e.pathID = p.pathID

AND p2.pathexp LIKE ’/catalog/item/price’
AND ti.pathID = p2.pathID

AND ti.value_int < 1000

AND e.docID = ti.docID

AND e.pos.contain(ti.pos)

AND pl.pathID = parent(p2.pathID,1)

ORDER BY e.docID,e.pos
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0000000000000000 XMLOOOOOOOO
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000 5540000000000 118800000000000
311200000000003500000000000000
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0000000000000000000000000000
0CSVOOOODOD000090000000000 TextO
00000000000000 CSVOOOOOO0onooO
Text 000000000 CSVOOOOOOOOO0O0OO0OOOO
00000000 Text 000D Element,Attribute,Path 0
0000 CSVOOO0O0000000 162KBO000

09 0DpoOopoo cecsvoooo

csvooooooo (KB)
All-Type O 225
Single-Type O 260
Double-Type O 215

000000000000 SingleType 000000000
000000 NULLOOOOOOOO0OO0OO0O0O0OO Double-
Type000D00O0D00O0ODO0O0O0O0O000 All-TypeO
000 Single-Type 000 0000000000000000
0000000000000000000000000000
00000000000000000000 Single-Type 00
000 All-Type 0000000000000000O0O000O
000000000000 000000000000000
Single-Type 0000000000000

000000 ([60000000000000000000
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0000 (byte)
98304
139624
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gooooooOoO0O0000000000000000 XPath
goooobDnoogo

011 000000000

XPath O

Q1 | /site/open_auctions/open_auction[initial<100.0]

Q2 | /site/open_auctions/open_auction[initial<100.0 AND quantity<4]

00000 CPU:Intel Pentium M processor 1GHzO O O
0:760MB0O OS Microsoft Windows XP Professional 0 O O O
O0000 DBMS O Oracledi Release 1 0000000000
00 SQL*Plus O SET TIMINGOOOO OO

000000000000 1100000000 30000
00000o0oooooooooooo 120000

012 O00000OO000O00O0OO0DOoO
All-Type O (ms) | Single-Type O (ms) | Double-Type O (ms)
Q1 15 15 15
Q2 39 30 30

Text 000000000000 QIOOOOOOOOOOO
00000000000 00000 Q200 All-Type0 OO
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o0oo0o0oooOo0o0oooooooooooooooOoooon
00000000O000Uo0o0O0DoooO0ooUooOOoOoooo
O000000Al-Type 00000000000 OOOOO
o0o0000ooO0UoOoO0OoOoooooUooo

000000000 O0000O00000000 Single-Type
000o00o000o00o0O0DUoOoooOoooOoOoDoooo
All-Type 0000000000 ODOOOOOOOOOOOOO
000000000 Double-TypeDOOOCOOOOOO

000000oO0oo0oo0ooooooooooooooooo
0000000000000 00O000000O0O0O0 All-Type
0000000000000 O0O0O0o00UoDOOoUOooO
00000 Single-Type 00O Double-Type OO0ODOOOOO
000000000000 U0oOoO0o0ooooOOoOoUooO
0000000 Single-Type 00000000



6. U004

0000 XMLODOOOOOOOOOOOOOD000000
0oooooo

6.1 0000 [7]

00000000000 ShreXO0OOOODODODOOOOO
OOXMLOOOOODOOOOOOOOOOO0000000
000DO0XMLOOOOOOOOOOOOOO0000000
0000000000000000000000000000

000000000000000000 140000

<element name="SHOW" shrex:structurescheme="Dewey">
<sequence>
<element name="TITLE" type="string"
shrex:outline="true"
shrex:tablename="Showtitle"/>
<element name="YEAR" type="integer"
shrex:outline="false"
shrex:columnname="Showyear"
shrex:sqltype="NUMBER(4)"/>
</sequence>
</element>

014 000000 XMLOODOOODOO

0140000000000 shrexOO0OO0O0ODOOOOO
gooooobooobooboooooooooobobobooooboo
0000000 outlineD true0000000DC0OOCOOODO
O0000000Oflse0 000000000 O0O0CDDOOOO

0100 400000000000000C0000DO0O0O
oooooooo

TABLE SHOW(ID VARCHAR(128),
Showyear NUMBER(4))

TABLE Showtitle(ID VARCHAR(128),

TITLE VARCHAR(512))

01 0140000000000000000O0

000000000 XPathOOODODOOOOODDOOOO
0000000000000000000000 XMLOOO
0000000000000000000000000000
0000000000000000000000000000
0000000000000000 XMLOOOOOOOO00
0000000000000000000000000000
ooo

6.2 0000 [8]

00000000000 LegoDBOOOOOOO0D00OO0O
OOLegoDBOOO0DO00D000O0O0O0OO0O0O0O0DOOO
0000000000000000000000000000
0000000000000000000000 p-schema O
000000000000

016000 1800000000000000000000
000000 p-schemad 0000000000

ParentID VARCHAR(128),

type Show =
show[@type [String],
title[String],
year [Integer],
reviews [Stringlx,

016 0000000 XMLOOOO

type Show = type Reviews =
show[@type [String], reviews[String]

title[String],

year [Integer],

Reviewsx,

..
0 17 p-schema

TABLE Show TABLE Review

(Show_id INT,
type STRING,
title STRING,
year INT)

018 0000000000000

(Review_id,
review String,
Parent_Show INT)

00000 pschema000000000O0O0000O0O0DODO
goooooooooooboobOOoboOooooobooboooooDon
goooobooooboobooobobooooOoooooOooobooOoo
gooooobooooobooboooo XMLOOODOOOOOOOO
goooobooooboboooobooooooobooOobooOoo
ooog

00000000000000 XMLODODOODOOOOOO
000000000000000000 XMLOODOOOOO
oo0o
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