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An XPath Accelerator on Relational Databases:
An Implementation and Its Tuning
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ABSTRACT

XML is rapidly becoming the standard for data representation and exchange, and XML documents are being adopted in various
applications. Since the late 19%s, some native XMI. database management systems(DBMSs) have been developed. More recently,
commercial relational DBMS vendors try to incorporate full functionalities of XML into their products, such as Oracle, MS SQL and IBM
DB2. In this paper, we implement a well-known RDBMS-based XML data storage and indexing technique, called XPath Accelerator, and
tune it in an industry-leading RDBMS. Our contributions are two-folds: 1) an in-depth implementation of the XPath Accclerator technique
and 2) its tuning to exploit the advanced query processing techniques of an RDBMS.
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<?xml version="1.0" encoding="UTF 8"7>
<xs:schema xminx:xs="http://
elementFormDefault="qualified”
attributeFormDefault="unqualified">
<xs'element name="a">
<xselement name="b">
<xs:element name="d"/>
<xs:element name="¢">
<xsielemant name="{"></Xs element>
<xsielement name="g">
<xs'element name="h"/>
</xsielement >
</xselement >
<xs'element>
<xsielement name="c"/>
</Xs-element>
</xs'schema>

fwrww, w3.org/ 2001/ XMLSchema”

(3% 1) E2| i

tag | pre | post 8

e [ ; 7 oy

< 5 .

z ] B a4 *-

= ¥ K] 3 5

. 4 2 T

1 1

} ]

! & o |
. 0 2 4 5 8
A N pre

(7121 2) =0 thEt (pre, post) Hel I WO Apa



XPathel| A+
om 99} o9
o] ‘authors’ 2| Chlld dYHE
‘authors’®] descendant dHE
o 2| E o]},
dgHE Alole] WA= XPathe] £of

name <

E‘guthor' ¢} child
goll el AE thE
= A9 gk

&g ERelth

o : /authors/authorlfirst_name='furious decoys’]

XPath Acceleratorel A+ XPath&
par 54 #AAZ THIIEE
o]~ ANAEA AMR 7HE3 SQLEoz ATA g
s “'31‘345 Atole] TAE

(c) e

ot}

EA e

EAste] pre, post,
stoz M @AY dolen o

V2 B 3k sl
4 dYHE ‘author'ts dhte] deHE
Eg dHE ‘first_
olg] Al de

A OIOIHHIoI~5

(0% 2)8} Ze] 7}
=9 pre, post@als 7

slth, XPath ¢ H

B Fom FEuv,

7
2 0 wss % g

319 (@), ), (), ]"19}

#o] descendant, ancestor, followmg, precedmg 4747 9] 7]
EA = vk v pre, postBAE
= <E 1> vEhglih

{E 1y =0l thst pre, post T2l A

v/decsendantv’

sl XPath Pre{vi<prelv

) Apost{v)<post{v}

v/ancestor:v’
prety ) <pre(v) Apost(v)<post(v")

v/preceding v
Pre{v )<pre(v) Apost(v

"<post(v)

v/following::v’
pretv)<pre(v") Apost(v)<postiv’)

./"_'-‘-'\
[0
]
Pa

P
@

5

-

— & & "
@*\

(# 2> Eo 2z?

ke i
0 4 4 A &
pre pre
= (b) e ‘==2| ancestor (e/ancestor: :*)
4+
0 2 ¥ ;
=9 following (e/following: ™) (d) e ==2| preceding {e/preceding: :*)
{32 3) == edl| CHE 47He| XPath =

Query window(a,v)

Axis a
pre post par att tag
child <{pre(v), o) , 10,post{v)) , pre(v) , false >
descendant <{prev), «) C [Opostiv)), * , false E
descendant-or-self <[pretv), o) , [0post{v)) Lk . false x>
parent <|par{v), par(v)] , [0.post(v)] * . false x>
ancestor <|0,pre(v)) . (post(v), o) , K , false >
Ancestor-or-self <|Opre(v] , [postiv), =) ,* , false x>
following <{pre(v), @) , (post(y), o) ¥ , false K >
preceding <{0pre(v)) , (Opost(v)) , K . false K
Following -sibling <{pre{y), o) . (post(v), ) par() , false R
Preceding -sibling <{Qpre(v)) , (O,post(v)) par() , false * >
attribute <(prelv), w) [0,post(v)) , pre(v) | true F >




192 ZEXEISB=E A D A12-0d M2=(2005.4)

54 RE8 7|28E =29 79 #AE AT RS
Ao Axgekal gl A fxgs 7R 4% o]
11748 292 pre, postgrs] A} 28] Uetdm o] =
<E 2> JehRRAct

23 XPathollM SQLZ2| M4

#AY dolEulel ol ME SQLE B3 FYE Fm
XPathg& SQLE AF4ste #RE AFot Fc) =
A ARE @ accel HOlEE 53 == v|&3ts Fof 4
E=FE ofgdte] ot} o] XPathg SQLE A+4% +
A

= 7%

XPath® ¥§% SQL :

SELECT EXTRACT (Lobject_value, ‘/item')

FROM itemn 1

WHERE EXISTSNODE (lLobject_value, '/item{@id="T}"]") =1

/B FHOR Ve
FIND node 'item’
FIND child of 'item" "id’
IF value of 'id'=="11"
FIND descendant of 'item’
return all descendants value
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o) g 3kl Chat el M,
FIND IF(tag=='item’)
FIND IF(pre of 'item’== par && tag=‘id")
IF(value of "id'=="11")
FIND{pre>pre of 'ttem’ && post<post of 'item’)
Return
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SQL

SELECT d2.pre, altag, d2.val

FROM accel al, accel a2, accel a3, xdata dl, xdata d2
WHERE al tag="item’

AND al.pre=a2par AND a2.tag="id’

AND a2.pre=dl.pre AND dl.val="11"

AND al.pre<ad.pre AND al.post>>a3.post

AND a3.pre=d2.pre
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CREATE TABLE accel(
pre INTEGER,
post INTEGER,
par INTEGER, )
attr VARCHARZ2(10),
tag VARCHAR2(40)

CREATE TABLE xdata(
pre INTEGER,
val VARCHAR2{(4000)
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XDATA 9974 1127 352 28 2390112 636935
ACCEL 12877 1207 845 R 2390112 2390112 846471 5
CE 4 oldAof CHEt EH HE
INDEX_NAME LEAF_BLOCKS DISTINCT _KEYS CLUSTERING_FACTORY NUM_ROWS
IDX_XDATA_VAL 8972 687364 1487277 1616183
DX _XDATA_PRE 5520 2390112 59057 2390112
IDX_ACCEL_PAR 5510 846471 89249 2390112
IDX_ACCEL_POST 5520 2390112 12873 2390112
IDX_ACCEL_PRE 0520 2390112 82716 2390112
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XPath'® T3 SQL :

SELECT extract(Lobjoct_value, '/item')

FROM item |

WHERE existsNode{Lobject_value, "/item|@id="11"1"} =

SQL

SELECT d2.pre, a3.tag, d2.val

FROM accel al, accel a2, accel a3, xdata dl, xdata d2
WHERE al.tag="item’

AND al pre=a2.par AND a2.tag="id"

AND a2 pre=dl.pre AND dl.val="11"

AND al pre<a3.pre AND al.post™>a3.post

AND a3.pre=dZ.pre;
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XDATA DI
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XDATA D1 IDX_ACCEL_PRE
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(33 9) post

{E 6y Query?

XPath® X§sF SQL :
SELECT extrace(value(l), '/item/title")
FROM item i

SQL :

SELECT d2.pre, a3.tag, d2.val

WHERE al.pre>0 and al.tag='item’
AND aZpre=dl.pre and dl.val='Austria’
AND al pre=ad.par and a3.tag="title’

AND a3.pre=d2.pre;

2R 28 66
b 030612263

WHERE existsNode(value(i), '/item/../[name_of country="Austria*)=1;

FROM accel al, accel a2, accel a3, xdata dl, xdata d2

AND al pre<aZpre and al.post>aZpost and &2.tag='"name_of_country’
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(BT BEE
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WHERE al.pre>0 and al.tag='"item'
AND a2.pre=dl.pre and dl.val='Austria’
AND al pre=a3.par and a3.tag="title’
AND a3.pre=d2 pre;

SELECT /#+ FULL(al) #/d2pre, adtag, d2.val
FROM accel al, accel a2, accel a3, xdata dl, xdata d2

AND al.pre<a2pre and al.post>aZ.post and aZ.tag="name_of country’
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