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Development of a Multifunctional XML Database Environment

Based on PostgreSQL

MakoTO YUurt® and ATSUYUKI MORISHIMA

We developed a multifunctional XML database environment using PostgreSQL, an open-
source RDBMS and XMLPGSQL, an XML extension. The environment decomposes XML
documents into fragments and uses PostgreSQL to store them in a set of relations. Users do
not have to know that they are stored as relations. It provides a variety of means to access
XML documents; (a) DOM functions to build and traverse XML documents, (b) XPath engine
to extract information from documents, and (c) update functions to modify documents. Since
XMLPGSQL provides functions (a) and (c), our focus was on development of function (b)
and modifications of funcion (¢). Our main contribution is to show a case where we applied
the fruits of research and development activities to an opensource RDBMS. The features of
the projects are as follows: (1) we combine separately-developped technologies to construct
one integrated environment providing multi-functionality, (2) we implement details that tend
to be ignored by research prototype systems, and (3) we do not hesitate to use PostgreSQL’s
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features (such as user-defined functions) to construct the environment.
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Fig.1 An XML document instance.
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Fig. 1. Fig.6 Relations managed by XMLPGSQL.
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Fig.3 Relations storing

the XML document in Fig. 1.
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Fig.8 Additional relation xml_path.

O XMLPGSQLOOOOOOOOOOoOooOO
oooog

e Dewey OO ODOODOODOOO

e DIDOOOOOO

0000000 200000000000
000 xmlpathD O 800 000COOOCO
XMLOOOOOODOOOOOOOoOOooOo I
oooooooooooooooogooooo
000 xmlnodeOOOOOOO0O(M) 3000
000000 xmonodd] O 300 Opid O label
O0D0oO0oOooOopidO0O0OOOOOOOO
000000000000 00 IDO xml_path
00000000000labelD0ODOOOOO
Dewey 0000000000 OOOOODOD
0000000000 7(b)0000 N120O
000000000 /paper/authors/author O
O0ODewey DO0OOOOOOOO 1.1.1.2.3
oooo

O00Dewey OOODOOOOOOOO labelO
O0O00O0OPostgreSQLO OO OODOOOOO
ooooooooooOooooooooooo
O INTEGERD 4000 0000000000
O000ODeweyOOOOOOOOOOOOO
00000000000000000000
0000000000oo0ooooogoooon
oooooooooooogd
PostgreSQL OO OO0OO0ODOOO O OXPath
O00000000ODo0OoooUooOoXPathO
o0oooo(2)00opoooooooooooo
oooooooooooo
bDoOMOOOOOOOODOOO XMLPGSQL
00oooooooooooooooooon
0000000000000 0oooooooon
oo0ooooooooooooon



Vol. 44 No. SIG 12(TOD 19)

sQLiz & 79\ '
TR - .

o

XPath/ILE i [ 5B

AT A S

B o

09 OO00OO0OOOOOOoOO
Fig.9 Architecture.

| XMLPGSQL

DOM{ZAE P it

i

g9dpoOoOODpOoOooOoooXMLOODOODOO
0000000000 (2)00ooU0Uooooo
O0000O0OXMLOOOOOOOOOO OPostgreSQL
000o0o0o0oDDoDooooooDooooooo
OSQLO0fooOooooooooooooooog
XMLOOOOOOOoOOooDooooooooooo
oo0ooo3oooooooo@boMOoUOooon
(2)XpPathOOOOUOO@B)OOOOUOOUOOODO
O0oooooo()o XMLPGSQLOOOOOOO
O000oooU0oUOoOooUoOooo (1)o (3)o
000000o0o0ooooo (2)o@)Uooooooo
000 (2)000o000oOooOoUDoooooooo
oooooo

5.2 XPathODOOOOODOOO

PostgreSQLOODOODOOOOOOOODODODOSQL
gooooobooboboOo0oOo 3oooooooooo
(1) xpath_evall VARCHAR e 000 eO0 000
00 XPathOOOOOOOODODOOO IDOOO
O IDO00O 20000000000 A1000O00OO
00000 XPathOOOOOOOOOOOXPathO
000000000DODODODO StepdO /OO0O0DOO
00000000000000000XPath?” 00
00000 axis O 1000000000000 OO
Joooooo0o0OooOoOo 11o0o0oooooono
goobo 300 &&Uooooo 20 XMLODOOO
ooooooooo
(2) xpath2sqld] VARCHAR e 000 e0000
OO0 XpPathOOOOODODO SQLOOOCOODO
0000000000 ooo SsQuLuoooooooo
/paper//author[3] 0O OO0ODOO0O SQLOOO
o0oodOoDboOogoooo

SELECT xpath2sql(’/paper//author[3]’)
00000 xpatheval 00000000000 SQL

PostgreSQLOOOOOO0O0O0 XMLOOOOOODOOOOO 17

ancestor-or-s

elf.

prgcéﬂing

; 13 I
preéeding-sibljn fgllowing-sibli,ng

12324

descendant-or-&a1

010 Dewey 000OD0O0O0O00O0OO0OO
Fig. 10 Axis evaluation using Dewey order labels.

SELECT * FROM xpath_eval(’/paper//author[3]°)
did id
D1 | N12

0 11 xpatheval 000000DOO0OO0O
Fig. 11 Example for xpath_eval function and its results.

000000000000 000000000O SQL
oooooooboooooooooooo

(3) toStringl INTEGER [ 000 ID id OO
O00 XMLOOOODOOOOOOOOODOOOOOO
XMLOOOOOOOooOoooooooomoooo
xpatheval 0 000000 O0OOO0O

6. XPathOUOO SQLOOOOOOO

0300000000000000000000
XPath OOOUOOOOOOOOOODO xmlnode O
child 00O next 00000 O00O0ODOOOOOOO
0000000 XPathOOODOODOODODOODODO
000000000 0000000000 SQLOD
00 xmlnode 0000000000000 O00O0
0000D0000000000 4000000000
Dewey 000000000000 XPathOO OO
0000000000000 00000000000
0O XPathd 00000 OOOOOOODOOOOOD
0000 000000000000000non
D0000000000000oooooooooog
O00000D000 XPathOOD SQLOODOO
0000000 oOooog

6.1 Dewey 000000 XPath OO

Dewey J000O0OD0ODO XPathOOOOOOO
00000000000000000000000



18 gooooooooooooooo

O nO000000 descendent OO0 OO OOOODOO
00n00CO00C0DOODOODOODOODOOOOO
goboooOoo0oUoooooobOooooooooo
O0O1mobo0o0oOn00000!000000nD
descendent-or-self 00 0000 O0O00DO0O prefix O
[000000000000n O following-sibling O
ooooooooOoooOooo!opooooooodg
oooool/ooooobooo
oobobooobooooooobooooboOoooboo
0000 xmlnodeO0O0O0O0O0O0O0O0O0O0OO0OOOO
XPathOOOODOOOOOOODOOOXMLODODOO
gooOobooOo0ooOOoOooOooobobboboooo
0 1d
/descendant-or-self::subsection/following: :*

0000000 SQLiooooooero

SQL1 0 10 XPathOOOOOOOO SQLODOO

SELECT xn2.id

FROM xml_node xnl, xml_tag xt1, xml_node xn2
WHERE descendent-or-self(root, xnl.dewey)(®)
AND xnl.tag = xt1.id®

AND xt1.name = ’subsection’(®)

AND following(xn2.dewey, xnl.dewey)(®)

AND xn2.kind = 1(9

SQL10 whereOOO00O0O(a)0 /descendant-or
-self0(b)0 subsectionl(c) following(l(d)O
*000000000D00000000 /descendant
-or-self O UOOOO0OO0OO0OO0OO0OOODOOO
000 100000000(a)0 descendant-or-self
000 Dewey 000O0O00O0OO0O0O0DOOOODOO
gboooooocoboooooooboooooooooo
subsection 00000000 (b)DUOOOOOOO
00ooobooboobOoO0O0n following OO OO
00D0O0O0() 0000000 following 000
Dewey 000000000000 O0O0C0ODOOO
OoD0OO0O0O0O00C XpathOOODOO x000O0O
gooooooooooooobboooooooboo
oooOoooOo(ooooooooooooooo
goboobooooooboooooooooooon
goooreg

6.2 ODOOOOCOO

O00000000o0o0000 XPathOO prefixO
00000000000 simple absolute regular ex-

Y 0pOo0o0OD000000 IDODOOOOO
Y0 0pDOO00000000 parentOchild D0 0000 parent
0000000000000000

Sep. 2003

pressions® 00 000000000000 O00O0O
00 XPathOOOOOO SQLOOODOOOOOOO
000000000 O0OXPathOOOOOOOODOO
oog*)essg/00000/0000 /00000
000000000000 20 XPath OO O prefix
00000000000 /paper/authors/author [
ooo
0 20
/paper/authors/author/following: :node ()
o000 SQL20000000

SQL2 0 20 XPathOOOOODDOO SQLOOO

SELECT xn2.id

FROM xml_path xpl, xml_node xnl, xml_node xn2
WHERE xpl.path = ’#/paper#/authors#/author’(“)
AND xnl.pid = xpl.pid(®

AND following(xn2.dewey, xnl.dewey)(b)

SQL20 whereODO 000 O(a)d /paper/authors/
author( (b) O following DO 0D OOOOOOO
OO0OO0Onode() OO ODOOOCOODOOOOOOOO
dooU0oUoooOoooooUoo™(ayooooo
/paper/authors/author 0000 O00O0O0O0OOO
oobOooOoOo0obOOoo0DOO00Db0O0d following
O0000ooUooUO(®UOUoooooooooOoo
0000000000000 0D0D000 prefixd 0O
gooobo0oooooooobooboobbooboo
gbooboooooboooobbooobooboboobo
gooooooboboobooobooooobooobogo
OO0 prefix 00 0O00O0OD0ODOODOOODOOODOO
goboooboobooboooboboboooobo
O0000000SQLOOOO XRel?® 00000
0000000000 000000 following-siblings
goooooobooboboooobobooooooog
ogno

7. XMLODOOOOOO

goooo XMLPGSQL O DOM O OOO
O appendChild O insertBefored00 0O 0O O O XML O
000000000 DO00D0 XPathOOOOOOO
OooooooooXMLPGSQLOOODOODOOODO
goooobooobooboboobooboobooo
0ddooooooooo XMLOOODOoooog

900 0000 0°// 0°/descendant-or-self: :node() /> 0 000
oo



Vol. 44 No. SIG 12(TOD 19)

InsertBefore -

012 0OoO0oO0o00oo
Fig.12 Label updates.

000000000000 000000D000000
0120 XMLOODO N6O N9OODO N150000
000000000000000000000000
00000 xmlmode 0 0000000000 300
00000000 O0DO
00000000 000 xmlnodeODOOO0000
O childd parentUnext 00 000000000 DO
0000000000
0000000 =xmlnodeO labelOOOOODOO
O0D0DO0ODewey 0000000000000
000000000 000O0O00Yoo 12
0000000 0000000000000 00
00 xmlpath0OOODOOOOOOOOOO
0000000000000 D000000000
xmlpath 00000000000 DOOOOOO
00000000000000000000000
00000000000000000000000
0000000000 xmlpathOOOODOOD
0000000000000000000000
0o0o0o0o0o0oOoOoooooo
000000000000000000XMLPGSQL
ODOMOODODOOOOODDOOOOOODOOD
0000000000 0000000 xmlmodeD O
000000000000 900000000000
oooo

8. 0O O

0000000000000 0D0 XPathOOODO
OOXPathOOOOOOXMLOOOOODOOOOD
000000000000 XRel? 00 XPath OO
000000 XpathOOOODOOOODOOOOODO
O000D0OO0000000XRelO RDBMSOOOO
goooooo XMLOODOOOOoOOooOoOooo
PostgreSQLO OO OOOODOOOOOODOOODOO

PostgreSQLOOOOOO0O0O0 XMLOOOOOODOOOOO 19

O oo ooooo
ooo | 27 4 87%
XRel 13 18 42%
eXist 17 14 55%

013 0ooooo
Fig. 13 Expressive power.
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Table 1 Queries for performance evaluation.

XPath O oo
Q1 | /site/open_auctions/open_auction oooooo
Q2 | /site/open_auctions/open_auction/bidder[1]/increase position() OO
Q3 | /site/open_auctions/open_auction/[bidder/personref/@person="person32”]/reserve | 000000
Q4 | /site/closed_auctions/closed_auction[price/text()>=40]/price ooooo
Q5 | /site/regions//item //0 10
Q6 | //open_auctions//description // 000
Q7 | //closed_auction/following-sibling::* /0 //0000
Q8 | //from/parent::node() oooooo

02 XPathOODOOOO (ms)
Table 2 Experimental results of XPath processing (ms).

0.01 0.03 0.05
ooo XRel

Q1 18 65 29 33
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Q4 28 987 | 2276
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Q7 298 2665 | 5554
Q8 65 — 85 94

000000000 D0000000000000000
000000000D0000000000000000
ooooo9¥® gooo000000oooog
0 XMark'® 000000000000 O000O0O00O
0 XPathOOD 1000000000000Q10 Q6
0 XMarkDDDOOOOODOODODO XQueryOODO
00000000 XPathOOODOOOODOOOODO
QIQ8UOIDODOO0 XMarkOODODOOOOD
000000000000000000000000
0 XRelOODDOOOODOOOODOOOODOOOO
0 XRelODODOO SQLOODOOODOOD
000000 2000000000 CPUO Mo-
bile Pentium3 866 MHzO 00 00O 384 MBO OS O
RedHat Linux0 0000 2.4.20000000000
00D000D000D000000 0010000000
00 XRelDDODOODOODOODOOOO 30000
ooooDod
00000D000D00000000000 XRelO
00000000 XPathOOOOODODOOOOOO
000000000 000000DOOoO0OOo0o0On
00 XPathDODODOOOOODOODOOOODO
0000000000060000000000000
00000D000000000O0XRelDOOO SQL
00000000000 0000000XMLOOO
000000000000 000000000000

03 0000000000 (ms)
Table 3 Experimental results of partial updates (ms).
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