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Abstract

XQuery query proposed by W3C is one of the standard query languages for XML data and is
widely accepted by many applications. Therefore the studies for efficient Processing of XQuery query
have become a topic of critical importance recently and the optimization of XQuery query is one of
new issues in these studies. However, previous researches just focus on the optimization techniques
for a specific XML data management system and these optimization techniques can not be used
under the any XML data management systems. Also, some previous researches use predefined XML
data structure information such as XML schema or DTD for the optimization. In the real situation,
however, applications do not all refer to the structure information for XML data. Therefore, this
paper analyzes only a XQuery query and optimize by using itself of the XQuery query.
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In this paper, we propose 3 kinds of optimization method that considers the characteristic of
XQuery query. First method removes the redundant expressions described in XQuery query, second
method replaces the processing order of operation and clause in XQuery query and third method
rewrites the XQuery query based on FOR clause. In case of third method, we consider FOR clause
because generally FOR clause generates a loop in XQuery query and the loop often rises to
execution frequency of redundant operation. Through a performance evaluation, we show that the
processing time for rewritten queries is less than for original queries. also each method in our
XQuery query optimizer can be used separately because the each method is independent.
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Table 1. Removing Redundant LET clauses.

{Results>{
FOR $z in

FOR $a in document(“a.xm}”)/a

Original document ("x.xml") /x/y/z

XQuery LET $c : = 3a

C

Query WHERE $a/text() =$z/text()

RETURN
}{/Results)

{Result){$a, $z}{/Result)

ElL(

Simplified FOR a in E2
FOR z in E3

XQuery

Query | T pT ¢ = Rd(a)

WHERE Cl{a, z)
RETURN Eb5(a, z) )

EL(

Optimized | FOR a in E2
XQuery | FOR z in B3

Query WHERE Cl{a, z)

RETURN Eb(a, z) )
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Table 2.Removing Redundant XPath Expressions.

Original XQuery Query

Optimized XQuery Query

FOR a in El

FOR b in E2

LET ¢ := E3

WHERE E3/text() = “C1”
RETURN E4(a, b, E3)

FOR a in E1

FOR b in E2

LET ¢ := E3

WHERE c/text() = "C1”
RETURN E4(a, b, ¢)
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Table 3. Removing Redundant Conditions.

Original XQuery Query

FOR a in El1

sy mqn FOR a in E1
WHERE a/@id = "1” and L s
a/@id ("3 WHERE a/@id = “1

RETURN E2(a) RETURN E2(a)

Optimized XQuery Query
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Table 4. Replacing Conditions.

Original XQuery Query Optimized XQuery Query

FOR a in El FOR a in E1
FOR b in E2 FOR b in K2
FOR ¢ in E3 FOR ¢ in E3
ERE WHERE b/@id="1" and

WHER

a/text() =b/x/text() and “1"(c/@id and
b/@id{c/@id and b/@id="1"|a/text() =b/x/text()
RETURN E4(b. ¢ RETURN E4(b, c)
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Table 5. Replacing LET Clauses.

Original XQuery Query Optimized XQuery Query
FOR a in El1 FOR a in El
FOR b in E2 LET ¢ := E3(a)
LET ¢ := E3(a) FOR b in E2
WHERE b/@id=c¢/@id and|WHERE b/@id=c/@id and
¢/text() ="Bali c/text() ="Bali
RETURN E4(a, b) RETURN E4(a, b)
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Table 6. 12 cases of FOR clause in XQuery queries.
= quervl-A = guery I-B s query 1-C
For x in K1 For a in El For a in El
For a in E2 For x in E2 For x in E2
Where C1{x) and [For b in E3(a) Where Cl{a) and
C2(a) Where C1{x) and {C2(x)
Return x C2(b, x) Return x
Return a, x
* query 2-A = query 2-B » query 2-C
For x in E1 For a in El For a in El
For a in E2 For x in E2 For x in E2
Where Cl{a) For b in E3(a) Where Ci{a) and
and C2(x) Where Cl{x) and |C2(x)
Return a C2(b) Return a
Return a
* guery 3-A * query 3-B « query 3-C
For x in El For a in E1 For a in E1
For a in E2 For x in EZ2 For x in E2
Where Cl{a) For b in E3(a) Where Cl{a)
Return a. x Where C1(b) Return a, x
Return a, x
» query 4-A » query 4-B * query 4-C
For x in El For a in El For a in E1
For a in B2 For x in E2 For x in E2
Where Cl{a) For b in E3(a)  |Where Cl(a)
Return a Where C1(b) Return a

Return a
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Table 7. Rewriting a part in original XQuery query into
an inner query inside a FOR clause.
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Table 8. Rewriting a part in original XQuery query into an
inner query inside a LET clause.

~optimized query = optimized query «optimized query
1A -8 1-C
For x in For a in E1 For a in E1
For x in El For x ' in For x in
Where Cl(x) | For x in E2 For x in E2
Return x Where CI1(x) Where C2(x)
For a in E2 Return x Return x
Where C2(a) For b in E3( ). | Where Cl(a)
Return x Where C2(b, x) |Return x
Return a, x
= optimized = optimized query =oplimized query
quer/2-A 25 2-C
For x in For a in E1 For a in E1
For x in E1 For x in For x in
Where C2(x) | For x in E2 For x in E2
Return x Where C1(x) Where C2(x)
For a in E2 Return x Return x
Where Cl(a) For b in E3(a) | Where Cl(a)
Return a Where C2(b) Return a
Return a
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* optimized query 3-A * optimized query 4-A

Let a = Let a =
For a in E2 For a in E2
Where C1(a) Where Cl1(a)
Return a Return a

For x in E1, For x in E1

For a in a Return a

Return a , x
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Table 9. Rewriting a part in original XQuery query into an
inner query inside a RETURN clause.

- optimized query 3-C — optimized query 4-C
For a in El For a in El
Where Cl(a) Where C1(a)
Return Return
For x in E2 For x in E2
Return a, x Return a
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Table 10.An Algorithm for XQuery guery Rewriting.

~ FORclausel] - 8/M Zlojoff Z2tel 2E FORE.
~ WHEREConditionl] : WHEREZO 7|=& =& i
- VariableForRETURN  ME Y&E Lfx Holof dizks oI5 H7y

Rewrte(XQuery Quenv){

For(i=0 to The number of FOR clauses){

v = the varable of current FOR clause;

FORExpression = The Expression of current FOR clause:
/o BO| FEE 25 FE ~f

ifFORExpression = = inner query) Rewritelinner query):
for(i=0 to The number of condifions in WHERE clauses) {

ifly is used in WHERECondtionii{

NewCondition(] add WHERECondition(jj:
iy is used in RETURN dlause){
VarableForRETURN= v CurrentCase= CASET}
else {CurrentCase = CASEZ}
else Ifj == The number of conditions in WHERE clauses){
v is used in RETURN dlause) {
VariableForRETURN = v CurrentCase= CASES)}
else {CurrentCase = CASE4} }

ifil = =0) {CurrentCase = CurreniCase + "A"}

else ifl = = The number of FOR clauses)

CurrentCase = CurrentCase + "C"}

glse CurrentCase = CurrentCase + "B’

/o B EHMZ 2|5H HE «f
ifiCurrentCase is CASET-A, CASEI-B CASE!-C, CASEP-A,
CASE2-B or CASE2-C)f
create new FORclause indluding FORExpression,
NewCondlitionl] and VariableForRETURN:
replace FORclauseli] with created new FORdlause:}
else ifiCurrentCase is CASES-A or CASE4-A)
create new LETclause including all clauses in
current query except FORclauselil: }
append FORdlauseli:
if{CurrentCase is CASEG-A) {
create new FORclause which retums the variable
of new
created LETclause:
create new RETURNclause which retumn all
variables of FORclauses:
else ifiCurrentCase is CASE3-C or CASE4-C)f
create new RETURNclause consist of FORclauseli]
and RETURNclause in current query
replace RETURNClause with created new
RETURNdlause: } } }
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E 11. FORE 7|gle| Fe| xH=bMS 0|83 XQuery Ee| 2xs}
Table 11. Optimized XQuery query by query Rewriting.

Original XQuery query

1. (Results){
2. for $Person in doc(” people xml” )/people/person
3. for $Open_Auction in doc(“open_auctions.xml”)/
open : auctlons/open auction
for $ltemAsia in
doc("TtemsOfAsia.xm|")/asia/item
for $Categories in doc(” catgraph. xml”)/catgraph
for $Open_Auction Reserve in
$Open_Auction/reserve
for $Open_Auction Itemref in
$Open_Auction/itemref/ @item
for $ltemAsialD in $ltemAsia/@id
for $Cat_edge in $Categories/edge
10. where $Open Auction Reserve { 100 and
$Open_Auction Itemref = $ltemAsialD
11. return {Result){ $Open_Auction Itemref,
$Open_Auction_Reserve, $Cat_edge }
{/Result)

}{/Results)

LO® = RO A~

Optimized XQuery query

(Results){
let $MakedLet( : =
for $Open_Auction in oc("open _auctions.xml”)
/open_auctions/open_auction
for $ltemAsia in )
doc("TtemsOfAsia.xml")/asia/item
for $Categories in
doc("catgraph.xml”)/catgraph
for $MakedFor0 in
for $Open_Auction Reserve in
$Open_Auction/reserve
where $Open_Auction Reserve { 100
return $Open_Auction_Reserve
10. for $Open Auction Itemref in
$Open_Auction/itemref/ @item
11. for $MakedForl in
12. for $ltemAsialD in $ltemAsia/@id

WL Me; ov s Wb

13. where $Open_Auction_Itemref =
$ltemAsialD

14. return $ltemAsialD

15. return

16. for $Cat_edge in $Categories/edge

17. return {Result){ $Open_Auction Itemref,

$MakedFor0, $Cat_edge }{/Result)
18. for $Person in- doc("people.xml”)/people/person
19. return $MakedLet0
12.}{/Results)

V.

0x
olr

gt

B =R A3 3707 A4 E Windows Server
20038 AMESIGeH, Add AMEH Alx"l AR
Intel(R) Pentium(R) 4 CPU 3.0GHz¢} 2.0GB RAM=
ARg319 .

B 12. 2495 T8 MHE Sot 2[Esle| MSHIIE St sample
g

Table 12.Sample XQuery aqueries for evaluating
optimization methods by removing redundant expressions.

(results){

for $closedAuction in ,
doc{"closed_auctions.xml”)/closed
auctions/closed_auction

for $itemAsia in ;
doc("TtemsOfAsia.xml”)/asia/item

for SitemEurope in
doc(” ItemsOfEurope. xml”)/europe/item

let BitemClosed := SclosedAuction/itemref

let $mail : = $itemA51a/ma11box/ma11

where $itemAsia/quantity { 3 and
$itemAsia/quantity = 1 and
$closedAuction/itemref/ @item =
$itemAsia/@id and $itemAsia/quantity =
$itemEurope/quantity

eturndresult)(asia) {$1temAs1a/ name}

{/asia){/result) }{/results)

where $itemAsia/quantity ¢ 3 and
$itemAsia/quantity = 1 and
$closedAuction/annotation/happiness ) 5
and count($itemAsia/incategory) ) 3 and
$elosedAuction/price { 100 and
$elosedAuction/itemref/ @item =
$itemAsia/@id and
$itemAsia/quantity = S$itemEurope/quantity

XQl

XQ2

fRFol9} HHzlE Ao Alelo Ay WE AT
XQuery A Oracle XQuery A7& A4t &
Oracle XQuery A7 o|9ld] A% H71E A% XQuery A
Z7le o 2A8th a8u Oracle XQuery %S A
3 o] Oracle ARlo] A XQuery Versions tF#
Ahstn gled, AREA thEest sFesty] el
=3 A% FE e Fold HHe XQuery A
(SAXON, XMLSpay, BIZQuery)E-& ti¥E AAz ez
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it A5B7HE A8 A2 XML vloH e gl £4
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element =22 A =52 3= 49 E41E AT
Ao, 9B AoE (F 12)9) 2k (& 12)9] XQ2&
XQ1# FOR¢t RETURNA®] #2& ZA% WHEREA
B} Be 245 ¥ske 2ot

J
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Fig.2.Execution time of XQ1 and XQ2 in Table 12 and
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8 2435 gL dold 27k 1SS 98 AdE
Azfelr] 98 $AAZ W) A5 A5 ALE BT

In kxl

13. Ho| ZEHY Tlglel AXS} wito] MSEDLE of He Tl

=2
Table 13. Sample XQuery queries for evaluating
optimization methods by query rewriting.

XQ1 |Origiant Xquery query in Table 11
where $Open_Auction Reserve { 100 and
XQ2 $Open_Auction_Itemref = $ltemAsialD and
$ltemAsia/quantity = Open_Auction/quantity
and $Open Auction/annotation/happiness )5
return (Result) {(item id="$ItemAsialD")
$ltemAsia/name, ItemAsia/location}
XQ3 {/item), $Open_Auction,
{category) {$Cat_edge}{/category)
}{/Result)
400000 g
‘350000
300000 E
3 250000 F G
: 200000 E XQz2
£ 150000 - XG8

100000
50000

& 'Y 5 N 5 >
& K 5 & &° € € €
& &

Queries
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Fig. 4. Execution time of XQ1, XQ2, and XQ3 in Table 13
and optimized queries by query rewriting.
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