f“%l;qﬁﬂ ]}:#&TE uH-HXwL —-14-2-1-
F14% %34, 2009. 3. 2009-14-57171

SAF #ol Aol HMSE A8t XQuery Fe| WA

—
= 1 & ¥k
H_J_E:] 7. X] )

XQuery Query Rewriting for Query Optimization
Distributed Environments

Jong-Hyun Park *, Ji-Hoon Kang **

e o

XQuery7} XML Hlo|E1E 913+ F AojolZ AN, XQueryS E&F 02 Xsly] A3 A7+ A=
& A7 AL =L, B AFAELS XQuery A5 HA ] A WHS AlQretn )ty e ok
5] A5 XML Hloe #e] Alzwld] Egld HAs) FAvE Holsta IS ¥, ouje AlxElo=
dwrr o2 AM8E = e FAs dyTe Ayl dok E3 o 2 AtdMe XML 27]wk B2 DTD9
& mE] ZoJd XML HlolHe] FRGEE o] &3lo] HASslE WS Alcteta vk, dev dAl BE &8
| XML dle]8E 3 T2 BE Tl A= &2 Ao dadolth. a8ez £ =FdME XQuery F2]<]
EAS getela XQuery Ao AHARHS: o] 83 2

B =R AE XQuery 299 EAES 1213t Al 711 XQuery 2oS HA3} WS Aokt A
e XQuery 2o EAjsle 283 TAS AlASKE Aolx, F WAl e Ao Au)x
Heloh, wiRgtez Al ¥ E-2 XQueryZt Fordel 9J8ix FHETh= H& 1elske] Fordel %H
= B ag w2 Hhsshs Wit e H7EE Bl w=iellAl Ajker WHE o) A=)
AR R Aoje] A ARRMETE Hojuthe 2& & & Utk Ed 7H PHEL 51

T T 2

XQuery a7le] Fao] wa} AdAez Algo] 7153

o]

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 $a in document(“a.xml”)/a
FOR 3z in
Original document ("x.xml”)/x/y/z
XQuery LET $c : = $a/b/c
Query WHERE $a/text() =$z/text()
RETURN
(Result){$a, $z}{/Result)
}{/Results)
Simplified EP%éR a in E2
XQuery | pop ; in 3
Query zn.
LET ¢ := E4(a)
WHERE Cl(a, z)
RETURN E5(a, z) )
E1(
Optimized | FOR a in E2
XQuery FOR z in E3
Query WHERE Cl(a, z)
RETURN E5(a, z) )
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Table 2.Removing Redundant XPath Expressions.

Original XQuery Query Optimized XQuery Query

FOR a in E1 FOR a in E1
FOR b in E2 FOR b in E2
LET ¢ := E3 LET ¢ := E3

WHERE E3/text() = "C1”|WHERE c/text() = "C1”
RETURN E4(a, b, E3) |RETURN E4(a, b, c¢)
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Table 3. Removing Redundant Conditions.

Original XQuery Query | Optimized XQuery Query
FOR a in E1 .
- _ 7 FOR a in E1
WHERE a/@id ="1” and WHERE a/@id = "1

a/@id ("3’
RETURN E2(a) RETURN E2(a)
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Table 4. Replacing Conditions.

Original XQuery Query Optimized XQuery Query

FOR a in E1 FOR a in E1
FOR b in E2 FOR b in E2
FOR ¢ in E3 FOR ¢ in E3
WHERE WHERE b/ @1d ="1" and
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, c) RETURN E4(b, c)
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Table 5. Replacing LET Clauses.

Original XQuery Query Optimized XQuery Query

FOR a in E1 FOR a in E1
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.

* queryl-A * query 1-B * query 1-C
For x in E1 For a in E1 For a in E1
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 E1 For a in E1
For a in E2 For x in E2 For x in E2
Where Cl(a) For b in E3(a) Where Cl(a) and
and C2(x) Where C1(x) and |C2(x)
Return a C2(b) Return a

Return a

* query 3-A * query 3-B * query 3-C
For x in E1 For a in E1 For a in E1
For a in E2 For x in E2 For x in E2
Where C1(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 E1 For a in E1 For a in E1
For a in E2 For x in E2 For x in E2
Where C1(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.

B 8 LETHe Wiz Zoz HE xitMsiol zIXSfSH ofj|
XQuery Zels
Table 8. Rewriting a part in original XQuery query into an

inner query inside a LET clause.

=optimized query =optimized query -(épﬂm/Zed query
1-A 1-B 1
For x' in For a jn E1 For a jn E1
For x in El For x in For x' in
Where C1(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 C2(a) For b in ES( ). | Where Cl(a)
Return x Where C2( b, x) |Return x
Return a, x
» optimized ~optimized query »optimized query
query2-A 2-B 2-C
For x" in For a jn E1 For a jn E1
For x in El 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 C1(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 * oplimized query 4-A

Let a = Let a =
For a in E2 For a in E2
Where C1(a) Where CI1(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 E1 For a in E1
Where C1(a) Where C1(a)
Return Return
For x in E2 For x in E2
Return a, x Return a
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Fig. 1. An Architecture of XQuery query Optimizer

XQuery 2¢] #%7]¥ RedundnatRemover, Replacer,
83 Rewriterd] Al 7K BER FAH] k. & ©E

5ol 221491 912 el BF XQuery T ¥4 Eejo]

A

L

1, =3 g 94 FA31E XQuery T 4] Ezjolt},
T REES 5Y4 R P jlerng 3-89 Jad
wEha F587 F8o] 71 Mk ol ek 2ZH3lE 9
g o] MUY &G4 BES 1 4 o (&

10)2 Rewriter7} AH83he duglgeld (& 11)2 A

A7F et A8 XQuery 2o}, Ao Az duelEE
&3l Folxl HAghd XQuery FlE H]ITh A3k A

Hgle A
o= A AFE Al 1A HASE A3 AR S BT
283k dAloltt. dEdelo] A WA A FORHE(HE
Hol9] line 2)& H919] o= RME AMEHA] gomg
I a9l Z3hE Fole LETE] WE 2oz A=ty )
(FA3te 299 Line 2~17). LETA9] W Aol thA|
I Aolo] 5 Hajoll AE FORE(YE 229 Line 6)
o AA¥ ¥47F WHEREZ? RETURNZ] AHEE212
B2 WHEREZS] 2713} 37 A2E& FORES] W A9
2 ApPgEcH(E sk 2ol9] Line 6~9). T3 71 wiA|

AgHoBR oSS WE A9 ke AZE FORAS)
QT Aol= AYEHARSY 299 Line 11~14).

10, Eo| xEY Ll
Table 10.An Algorithm for XQuery query Rewriting.

- FORdlausel] © 34X Zojof Zakel Z= FORE.
- WHERECondition]] - WHERE Zof| Z|=&l =715
- VariableForRETURN - M2 &&= Lfx Zlojof Btarg o5t Ha

Rewnte(XQuery Queny){
Forli=0 to The number of FOR dlauses){
v = the varable of current FOR clause:
FOREXpression = The Expression of current FOR clause:
o Bo| PEES fIH HE »/
If(FORExpression = = inner query) Rewrte(inner query)-
for(i=0 to The number of conditions in WHERE dauses) {
iflv is used in WHEREConditionj){
NewCondition[] acad WHERECondition[j:
iflv Is used in RETURN dlause){
VariableForRETURN= v; CurrentCase= CASET}
else {CurrentCase = CASE2}
else ifj == The number of conditions in WHERE clauses){
iflv Is used in RETURN dlause) {
VariableForRETURN = v; CurrentCase= CASES;}
else {CurrentCase = CASF4} }
ifll = =0) {CurrentCase = CurrentCase + "A"}
ese ifll = = The number of FOR dauses){
CurreniCase = CurrentCase + "C"}
else CurrentCase = CurrentCase + "B”

S BOf YRS 25t B2/
if(CurrentCase is CASET-A CASE1-B CASEI-C. CASE2-A,
CASE2-B or CASE?-C)f
create new FORclause including FOREXxpression,
NewCondition/] and VariableForRETURN:
replace FORclauseli] with created new FORclause;}
else if{CurrentCase is CASES-A or CASE4-A)
create new LETclause including all clauses in
current query except FORdlauselil: }
append FORclauselll:
if(CurrentCase is CASE3-A) {
create new FORclause which retums the variable
of new
created LETclause:
create new RETURNclause which retum all
variables of FORclauses:
else if{CurrentCase is GASES-C or CASE4-C){
create new RETURNclause consist of FORclauseli]
and RETURNclause In current query
replace RETURNclause with created new
RETURNGiause; } } }
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Table 11. Optimized XQuery query by query Rewriting.

Original XQuery query

1. (Results){
2. for $Person in doc("people,xml” )/people/pelson
3. for $Open Auction in doc(“open auctions.xml”)/
open_auctions/open_auction
4. for BltemAsia in
doc("ItemsOfAsia.xml”)/asia/item
5. for $Categories in doc(” catgraph xml”)/catgraph
6. for $Open Auction Reserve in
Open_Auction/reserve
7. for $Open Auction Itemref in
$Open Auctlonf temref/@item
8. for $ltemAsialD in $ltemAsia/@id
9.
1

for $Cat_edge in $Categories/edge
0. where $Open Auction Reserve { 100 and
$Open_Auction Itemref = $ltemAsialD
11. return (Result){ $Open Auction Itemref,
Open_Auction Reserve, $Cat,_edge }
{/Result)
}{/Results)
Optimized XQuery query
1. (Results){
2. let $MakedLetO : =
3. for $Open Auction in oc(“open auctions.xml”)
/open_auctions/open_auction
4. for $ltemAsia in
doc("TtemsOfAsia.xml”) /asia/item
5. for $Categories in
doc("catgraph. xml )/catgraph
6. for $MakedFor0 in
7.
8
9

for $Open7Auction7Reserve 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

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 $MakedLetO
12.}{/Results)

0x
or

gt
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Table 12.Sample XQuery queries 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 $itemEurope in
doc(” ItemsOfEmope xml”)/europe/item
let $itemClosed := $closedAuction/itemref
let $mail : = $itemAsia/mailbox/mail
where $itemAsia/quantity ¢ 3 and
$itemAsia/quantity = 1 and
$closedAuction/itemref/ @item =
$itemAsia/@id and $itemAsia/quantity =
$itemEurope/quantity
eturn(result){asia) {$itemAsia/name}
{/asia){/result) }{/results)

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

$itemAsia/quantity = $SitemEurope/quantity
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optimized queries
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Table 13. Sample XQuery queries for evaluating

optimization methods by query rewriting.

XQ1 |Origianl Xquery query in Table 11
where $Open_Auction Reserve ¢ 100 and
XQ2 $Open Auction Itemref = $ltemAsialD and
$ltemAsia/quantity = Open_Auction/quantity
and $Open_Auction/annotation/happiness )5
return (Result){(item id="$ltemAsialD")
{$ItemAsia/name, ItemAsia/location}
XQ3 {/item), $Open_Auction,
(category) {$Cat_edge} {/category)
}{/Result)
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350000 i‘
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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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