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Abstract Due to its diverse advantages, XML has secured its position as a standard for data
representation and exchange in the Internet. As a consequence, there has been much research on
efficient storing and query processing of XML data. Storing XML data in a relational database system
warrants much benefit in data management and query processing; the system provides a strong query
processing and data management function and can be applicable to XML data, its function being
extended. In this paper, we design and implement a query translator that translates XQuery, a
representative XML query language, into SQL:2003 query. SQL:2003, the latest SQL standard used as
a substitute for SQL:1999, defines SQL/XML that supports XML. The main contribution of this paper
is as follows: First, we look into the supporting features of XML, defined in the SQL:2003 standard,
and propose a user—defined function for shortcoming sections. Second, we propose a way to translate
XQuery into SQL that observes the latest SQL standard. Third, we describe in detail the design and
the implementation of the translator to show its feasibility as a translator.
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B4 FEL XQuery S SQLE WIS W,
XML dloje} g}]] JI='2E ¢gdgoz ylo} XML H
olel By Az®¥2E NS F JE TES LI,
FLWOR X #49 ForClause, LetClause, Where-
Clause, OrderByClause, 4529
FunctionCall, #4x}¢l DirElemConstructor %°] =
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Ao 2. BZX FELE XQuerydld HZFFHQ J&L
3lo, o83 diolg R8-S /M E FEolth

Bz FEE #4 F&o] SQL HEez X§d o
Hag dolgtg AFsy digdhe SQL "HERE 7t
AA geth Bz FE2 Y4 FEE A% RE T
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ReturnClause,

EnclosedExpr ::= <LBrace> Expr <RBrace>

Expr ::= { FLWORExpr | ComparisonExpr )
FLWORExpr ::= ( ( ForClause | Le:Clause ) )+

( WhereClause )?

( OrderByClause )? ReturnClause

ForClause ::= <ForVariable> <VarName> <IN> Expr
LetClause ::= <LetVariable> <VarMame> <COLONEQUALS> Expr
WhereClause ::= <Where> Expr

OrderByClause ::= <OrderBy> OrderSpec

OrderSpec ::= ExprSingle OrderModifier
OrderModifier ::= ( <Ascending> | <Descending> ) )?
ReturnClause ::= <Return> Expr

// snip
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XML &% daEg [ oo
22 |dEan= g e |TE o
Oracle Extract extractvalue xmlsequence

extractInteger
extractSmallint
extractDouble
extractReal
extractChar -
extractVarchar
extractDate
extractTime
extract Timestamp

DB2 | extractCLOB

B =RdAe oA =od uid o} XML Hlo]
el B AzE2oA dolelE FE3e AMEA HY
=(User-Defined Function)Z 2lgt} XML dlo]
El B} QA2EzdA FEEE Hojgs XML ©9H,
A E(content) 281 JEZHE goz BRI 4
At B =Fdxe XML Holgl B QdAEAdA
XML @¥E 32387 93 XMLEXTRACT() &%
£ AHo3slx, XML Hoje} Bl Q122 e] HrEL
NEHARE S FF37 8l XMLEXTRACT-
VALUE() &5& Aot}

XML ®Ho|e} elg] 12828 SQLOA oF7] #3
o HErtzEoz Aelsjor = F5rl sith SQL A9
A @A dojelel XML wielet zke] Z<1d4kKjoin
operation)o] 2AIE w] Aate] ©7} F-E(tuple)o]2
2, XML uoet ety Qz®2oA Hg9 @d(top-
level) AHESL shte] FEo] HEE XML dol&}
Elq] A2BAE B¥se 5 gedt fele
32 XMLSEQUENCE() & A¢gith

Zt ol T FE(syntax)E AYsPA o2
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dolet ) A2UAE B

<XML extract> :i=
XMLEXTRACT <left paren> <xml value
expression> <comma>
<path expression> <right paren>

XMLEXTRACTVALUE() : XML H|oJg &4 <!
2El29} XPath 3842 dgiltolr A =9 &
Ze ge v,

<XML extract value> =
XMLEXTRACTVALUE <left paren> <xml
value expression> <comma>
<path expression> <right paren>

XMLSEQUENCE() : XML Hl°lel ¢ AxE2x
2 Audopq Fye-dw LelWEs} st FEL
olFE XML dolg By F& AT wad

<XML sequence> ::=
XMLSEQUENCE <left paren> <xml value
expression> <comma>

<path expression> right paren>

SQL:2003& A ¥sh= DBMSEL oA Aot AL
B2 Fo] g9} fAGE 7leE TFEsT eBE T
2 gda2dis fAR Z15S e ?’J’-’Fi A&
g, B =FoA g AMEA Ay FE TFES
SQLE& DBMS =¢Ado2 d3d 4 3ok

SQL #HZ3e dojgl RHAES ALgsid EEHM,
Hojel BHAdE BHE &Y delert A o
ole} @] FZE A3 41 B

tojel ¥HA2 A o5 22 dojel
A},

728 7}

_PathExpr : Path 82]¢} dlolel A3
_Step : Path 39| Z SteD«] Hlolel A%
_Predicate : Path ¥@2|9] JJERE ojg7 3 A%

_Attribute : AAHE AAX 9 HEHRE olEH
& A
_ComparisonExpr : ¥]al 84 A%

A F(parsing) Path EH2A dlojels AA3}7
st _PathExprg AQ3t). _PathExprols
ol23} EAE 3, StepExpre) #|2E¢} Predicate 7%

Hlo]efwlo] 2 A 33 @ Al 7 Z(006.12)

& 7}At) _Stepd Path 824 9] 7z} StepE A7Fe}7)
g dlojel FZxolt}. _Stepdle E(axis) X, dE
HE 5 X, 1083, Y3 o|E(Qualified Name)
o] AAHAL. _Predtcate°ﬂ\—‘:~ Path €49 JeH
E o83 1 gol AFEh dRES AAY o, o
EYRE ogd 2 #%& LA Hed, o #
_Attribute® A-8317 Bk Hln FHAE AR
83l _ComparisonExprg R93c). _ComparisonExpr
oz vl A4Aet F /9] Path E@2l0] A3}

£

_PathExpr
( VN: VarName,
SL: StringLiteral,
LSI[I: List Of Step,
Pre: Predicate )

// Variable name
// Sstring literal
// List of _Step
// _predicate

_Step
( AX: Axis, // Axis (/1))
AT: At, // Attribute axis ([ | '@’ )
QN: QName ) // Qualified name
_Predicate
( QN: QName, // Qualified predicate name

PE: PathExpr ) // Path expression
_Attribute
( QN: QName,
PE: PathExpr )

// Qualified predicate name
// Path expression

_ComparisonExpr

( comp’ Comparison Operator, // Comparison operator
pl: PathExpr,

p2: PathExpr )

// Path expression
// Path expression

Step Y2EE B2 Y& LI[]dA LSz “0°9.
Z R WA BAE)E B 294 A3t WS ARE
o]8-&te] Path 328 YREo| SAs= WS o
3 AR F deHE ]33} Step YLE F
AG oA gY2EEZ LSSt AHIIR g & 3
1}9] Path 84S k79 Stepo2 T/5Ho] Yrh

SQL #EY AFE 7= ) 95t o8
@308 AR

olFE #

CBN: Current Block Name-
PBN: Previous Block Name
XT: XMLEXTRACT
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XTV: XMLEXTRACTVALUE
XS: XMLSEQUENCE

XQuery A9+ SQLY WITH A& AMgdld A4
2l My EB¥oz wisEd, CBN® PBNE&
2] M FYY o HoAxe AMHFY EF olFo
t}. CBN2 {igo] A3 %9 HE Ao 7 ojF9)
i1, PBNE o|dd] Hag Muzele] HE o|golth
%, CBNolA4 PBN& %34, CBN3} PBN& A%
oz AAFT $AQY XT, XTV 283 XS+ 33
Aol Holg Fg A3 AT dEofolth
=R AHgEA 2 XML E49 XQuery 2
9], 28l A9 $8 A 29 29 2tk XQuery
2 XML EAE XMark[25]9]4 74L& Aotk 19
2-b9) XQuery Ao Ayt FEE vl PR
Algritt 2 JRe) EFEL AertE v Fejojth
P4 TR thg3h= SQL #HE3e grEE the

% 2t} (SQL HERY o]F2 &= XQuery T
29 ol&& ojdgAz wHi))

FunctionCall
ForClause
LetClause
WhereClause
OrderByClause
ReturnClause
DirElemConstructor

3.3.1 FunctionCall

FunctionCall-& XQuerydll $33hs thaksgt g9
g SQL ®HESE AT XQueryolA Ao3e
e e gusleg, el B =4 RE ¥
o tig SQL REHE B3 gtk F+E SQL
HZ3oz HEF £ 35S HAFr] f3 £ =8

<site>
<regions>
<africa>

<item id="item0">

<description>

//snip

<?xml version="1.0" 7>

<location>United States</location>
<quantity> 1</quantity>
<name>duteous nine eighteen </name>

<payment>Creditcard</payment>

a. XML ¥

return $t

for $p in doc("auction.xml")/site/people/person
let $a := for $t in doc("auction.xmi")/site/closed_auctions/closed_auction
where $t/buyer/@person = $p/@id

return <item person="{$p/name}"> {count ($a)} </item>

b. XQuery 29

<item person="Masanao Marsiglia">1</item>
<item person="Kishor Monkewich">2</item>
<item person="Saul Schaap">2</item>

<item person="Laurian Grass">3</item>
<item person="Aloys Singleton">1</item>

<item person="Bassem Manderick">1</item>

c. A +3 A7
¥ 2 XML £A, XQuery A9 mejxn dx
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A doc(), count(oll th3t SQL HEHEL Fgrh

XQuery HJ7} Parsere] 93} #do] =¥, XQuery
o WY FES FATEENE PHAT, HE TR
tlolel ¥ Holgte ol FE£E T4 XQuery
9] doc v ¥ 37 Ze dolgt #3842 JIAA
ek

doc("auction.xml™)

{

g € doc
p € VN=, SL="auction.xml", LS=, Pre=

a8 3 XQuery9 doc <9} wlojel 34

% 39A g& &4 ol e, pe path
o] sF3ich webr, o] dojel XL < olg
o] “doc” o], SL(Z, String Literal)©] “auction.xml”
9& Yeid g9 pe= SQL ®RERQ FunctionCall]
QA2 AEHo], doc F5E SQLE WEHsi=d AHE
|t

1%y 4% FunctionCall & SQL HE-E Jepdoh
AL g(EA 2)7F “doc”(BHS] 4) dule, #<l 5~8
ol gl= SQL ®Edo] AMREI, “count”(E 9) o
= g1l 10~147tA19] SQL ®E3lo] AHg-grth g7t
“doc” ¥l SQL HEIE AwrzAL el 89
FROM Aell= p.SLo] £t} ks, doc 49
SLele XML @4 ©lgo] 9857 WFeltt. & =&
dMe XML #d o]gd sk XML B #F
ulg] A48 FE, Bd o|§L HE FROM EolA
AHEE = gk 2k 5 WEEE SQLY) ¥(alias)
€ 713t ole XQueryd 7 #4 FEo] WITH
Ao My EEoz FHHY| W] EE SQL A
& ¥ye JIAA Hau, CBNS dolN 7ie@ddg =
FHoz RoHd 2l 79 SELECT A XT &
TE AMEE XML 92828 F&230h X7 359 3
2Rz /7 AgEe, olfv XML FolA AA
XML QI2®2& F5317] f&oitt. 28x, SELECT
Aol o] XML 2" x0 gk ZAPELS xvalueZ &
A3} Y3l “as xvalue’ekil 71E3 F224, XQuery
9] doc #¥4E SQLE #HEIC.

g7} “count”d W AHE-3Ee SQL WIS I 1
0~149] Jeht gtk 29l 139 FROM Aele p VN
o] AHg-Et} pVNole ¥W47t ARHY Y1, °of ¥
9 R 2& o]&3d I3 AME Ao 5 o]goE
HAEHA Bk E 200 Jepd PR A 2 KA
H2 A 332 AolA AAS) A™gich el 13~14F5

AHRY XTE A8t |F path £829 dHelgs
< FEsly ojAL AYH-ud dIHEEY HPo
2 uE g, olF table ¥4 A UA] HolE
V)& &R, voll 3l count T4+ FE35lY XQuery
9] countdE SQLE &3}

o

I FunctionCall
(q: QName,
p: PathExpr )

1

2 // Function name

3 // Path expression

4. = ifqequals “doc”

51 CBN

6: as

7: SELECT XT(vo.xvalue, ‘/*) as xvalue

8: FROM p.SL vq

9: = ifqequals “count’

10: CBN

11: as

12: SELECT count(XT(value(v), ‘0..5..QN")) as xvalue
13: FROM p.VN vy, table(XS(XT(vy.xvalue,

14: 'p.LSp.QN + ... + p.LSx.AX + p.LS.AT + p.LS.QND) v

219 4 FunctionCall®] SQL ®Z3

19 39 XQuery: ¥ 59 o] SQL MH E¥
oz Wgdd a8 52 FROM o) Eo)E= “auction”
< vg Fejd XML dlolet g4l Heolth. XML de]
El Bl Bt SQL/XML &% 55 <)83d 44
g ¢ A4l

bnl as
( SELECT XMLEXTRACT(v0.xvalue, /') as xvalue
FROM auction vO

39 5 doc 49 SQL ¥E A

3.3.2 ForClause

XQuery?l for A2 XML dlole} B}Y] HEYE Path
Ed@A #Fee XML 28 w@siou] ARSEo
AGeIRZ = for W420)E, Path @40 Ag®

ForClause:

( var: VarName, // Variable name
p: PathExpr ) // Path expression
=

CBN

as
SELECT XT(value(v); ‘p.LSk.QN") as xvalue

FROM p.VN v0, table(XS(XT(vy.xvalue,

'p.LSo.QN + ... + p.LS.AX + p.LS . AT + p.LS.QN")) v

19 6 ForClause?] SQL =&

L ®IDD R W
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XQuerydlXe AFE A3, g F43}= ¢
TE WA o] WeE AHEE 5 AUtk XQuery T
ZFolA for A3} let Hor 2L HFE AT
Atk 27 29 oA XQuerylH= #2ZE FLWOR

E849 for AER DM A9T d@Rp)7t 4F

FLWOR E#4]o] where (2} 3)ollM AMEEZ 3

ot w2hA, XQuery A9E SQL FHeolz HEsy] 9

AME old Wy ARE FAE Fart Ao fY¥=
B 29 o] ARE {FAJ FASE FRE @ 9]
E(VarName), #igel sidsie H4¢ AHHE oF
(Element Name), 28)1, 21 g5 gi3] 71F 3ol
HEE M Aol B2 o]F(CBN)o|th 71 UFel &
g ME d9 EF olF& A%E ofE UeH
2tk 28 29 XQuery Ao Bl 2~4] AX A
F t 7F AFEER Qi B 29 for oA A5 A
A=A, WE to] 2AF-e @2 29 for AL ¥
Arde EFo] "ok 8, 29l 39 where 2ol
s ¥ t 7 ZlEvle XML 928art 53 22
of ofsf deig =HE=, oA t9 g2 where ] 9
3 ey @ XML Qla®zoln, o) where FE
SQLZ H#E3 AMB de £50] @t} upebA, 9l 4
9] return A ALESIE WS tE= 29 29] for A9
HEE MB Zo] E5S AMgshE Aol ofa), where
Aol o3 Fey Hi, Hile Ay Ao BE& AHE
SHAl Hl3 o|BA 3] g3 22 o] diE A U
Fo Aod AMB A9 EF o]&& RAlstE Atk

> A

® 2 2o W AR

VarName Element Name CBN
a paper bnl
t author bn3

3.3.3 LetClause

XQuery T%9 let A& for A3 FA}shY, 2 A9
£ A% 2ok XQueryl[819 Working Draftel] ¥3+9
A= for A let A AolE 7 M) Foh 1%
79 @) 1~6L for o] XFE XQuery FolH,
gl 7~10€ let Aol EFE XQuery Roo|t}. for
Aol HJ" Hae wEEoz 1 AME L3y,
let dollA AP WAFols A4 A3yl vl gk

wElA, let S SQLE ®EE7] fsAe SQL ¥
g9 ZAe] A} (aggregation) TS HEA Aok 3
o} o2 98l XQuery? let Aol tigt SQL HZ=
% 89 SELECT H(EI 7)ol XMLAGG #+E 4
|A1Z0c}

for $s in (<one/>, <two/>, <three/>)
return <out>{$s}</out>

>

<out><one/></out>
<out><two/></out>
<out><three/></out>

7: let $s = (<one/>, <two/>, <three/>)
8: return <out>{$s}</out>

9 =

10: <out><one/><two/><three/></out>

a8 7 247} let A for AL TS XQuery R A}

LetClause:

( var: VarName, // Variable name
p: PathExpr) // Path expression
>

CBN

as

SELECT XMLAGG(XT(value(v), ‘p.LS,.QN")) as xvalue
FROM p.VN vy, table(XS(XT(vo.xvalue,

'p.LSe.QN + ... + p.LS.AX + p.LS.AT + p.LS.QN'D) v

a9 8 LetClause?] SQL #&d

L AN L e

3.3.4 WhereClause

WhereClause® for Zo|u let Aol <3t H4 vl
Folu wkEe] 3] =7 wel YeYse JEE 3
o}, WhereClause ®Z3-& SQL2] where 7%& AHS-
st} HEZ8lS AAZTE WhereClauseE 9% SQL H
Zgle AL ComparisonExprd] EAd] ot o
A 7122 Yt ComparisonExpre] 3 HA Path 3%
42 v "} Stepe] AIAWE o]Foht NEIRE

€% 77 Path ®@4o] 8 4 303, T WA Path

ol &£
F84L vhA Stepe] AUWE olFot dERE

0]&2 71 Path E&2olAY, Bxde] & 4 3ok
°lg 2 Yehid X 37 Zth
¥ 3 ComparisonExproll 4 PathExpr¢] Z2&
PathExpr 2
path/elem | path/att | string
path/elem 1) 2) 3)
PathE 1
AT T ath/ant 4 5) 6)

# 3 9 veht ' D FEH 6) 7R Wi 77
o 2% A8 uehdoh 4z Feel g SQL
HEHL t5F 2ol A F Utk 4), 5), 6)9 A
T 1), 2), 39 SQL HE3E T3 €A A ¢
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omzg B =RME 1), 2), 3)9 A+ Agiict
1) ComparisonExpr® 5 <A 2% vlx|2 step o} &
ZWEQ Path E&AQA 4$

‘WhereClause:
( ¢: ComparisonExpr) // Comparison expression
=
CBN
as
SELECT XT{vg.xvalue, ‘c.p;.LSp QN’) as xvalue
FROM c.p;.VN vy, t able(XS(XT(vq.xvalue,
‘c.p1.LS.QN +
v ¥ C.p1L.LSLAX + ¢.p1. LS AT + c.pr.LS.QNY) v,
. c.p2.VN vy, table(XS(XT(v,.xvalue,
'c.p2.LSe.QN +
oot C.p2.LSAX + c.p2. LS AT + c.pa.LS.QN)) vv
: WHERE XTV(value(v), ‘c.p;.L.Sx.QN") c.comp
: XTW(value(vv), ‘c.pz.LS,.QN")

QR VAAD R W=

e
w N = O

—
-

2) ComparisonExpr®] 32 <1Al= vl step o] &
ZHEQl Path Ed2ejx, & % A= wbA

2 stepo] SHEHEQ Path EHAY A%

WhereClause:
(¢ ComparisonExpr) // Comparison expression
=
CBN
as
SELECT XT(vg.xvalue, ‘c.p;.LSe.QN") as xvalue
FROM c.p,.VN vy, table(XS(XT(v¢.xvalue,
'¢.p1.LSe.QN +
. ¥ cpr. LS AX + cpr.LSLAT + .01 LS. QN'D) v,
10: €.p2.VN vy, table(XS(XT(v,.xvalue,
'c.p2.LSp.QN +
v ¥ C.pa. LS, AX + ¢.pa. LS. AT + c.pa.LS,-1.QND) vv
: WHERE XT¥(value(v), ‘c.p;.LS.QN’) c.comp
T XTW(value{vv), ‘c.ps.LS.QN”)

@ XN DGR W N

— e e
- W

3) ComparisonExprel %% <lAle vl step v°] o
ZHEQ Path ¥d20]x, ©h& IFZF AAE String
Literal?l 7%

WhereClause:
( ¢: ComparisonExpr) // Comparison expression
ESY
CBN
as
SELECT XT(v0.xvalue, ‘c.p1.LS0.QN’) as xvalue
FROM c.pl.VN v0, table(xs(xT(v0.xvalue,
'c.p1.LSO.QN +
..+ c.pl.LSk.AX + c.pl.LSk.AT + ¢c.pl.LSK.QN')) v
10: WHERE xTVv(value(v), ‘c.p1.LSk.QN") c.comp‘c.p2.SL’

@ ® N R W N

3.35 OrderByClause

OrderByClausex for Aot} let Aol 93k H nu}
Qlgoli} HbEo) thal] A2 where Aol 3] P
g @ 5254 g €48 Ak OrderByClause
HZ8e SQLY order by TEE AHESt HES
A 93tl  OrderByClause® AE1A¢l  PathExpre)
Z5° o F 7149 SQL "AERE MR kel
W PathExpre oFAT Stepo) FRol  wel
XMLSEQUENCE @42 AgHwe HAgdxzt geia|
7] Wgo)c}.

1) Path 8249 v}x|9} stepo] DHES A%

OrderByClause:
( p: PathExpr )

=

// Path expression

CBN
as
SELECT XT(vp.xvalue, ‘p.LS;.QN’) as xvalue
FROM p.VN vy, table(XS(XT(vq.xvalue,
'p.LSo.QN + ... + p.LS,.AX + p.LS AT + p.LS.QN'))) v
ORDER BY XTV(value(v}, ‘p.LS,.QN")

2) Path X849 v}A9} step ©] HEHFES FS

OrderByClause:

(p: PathExpr )  // Path expression
=

CBN
as
SELECT XT(vp.xvalue, ‘p.LSo.QN’) as xvalue
FROM p.VN vy, table(XS(XT(vp.xvalue,
'p.LSo.QN + ... + p.LS1.AX + p.LS, . AT + pLS,1.QN'D) v
ORDER BY X7¥(value(v), ‘p.L$,.QN")

Q9N PN R W

3.3.6 ReturnClause
ReturnClause= where Ao} order by A& 53

@ FEL e,

ReturnClause:

( p: PathExpr ) // Path expression

ES

CBN

as

SELECT XT(vq.xvalue,

'p.LSp.QN + ... + p.LS . AX + p.LS.AT + p.LS,.QN’) as xvalue
FROM p.VN vp

L LA B v

3.3.7 DirElemConstructor

DirElemConstructor= Bl °|&3% JEZHE, A
HEE Y dolx XML dloje} Y I2EH2E A
dgch

>
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DirElemConstructor:

// Tag name
// Attribute
// Content

(t: TagName,
att: Attribute
p: PathExpr)
=
CBN
as
SELECT XMLELEMENT(name “t”,
XMLATTRIBUTES(XTH(vy.xvalue, 'att. PE.LS,.QN +
.t att PELSAX + att. PELS..AT + att.PE.LS..QN")
as att.QN ),
: XMLAGG(XT(v,.xvalue,
: 'p.LSp.QN + ..+ p.LS.AX + p.L3.AT + p.LS.QN’))} as xvalue
* FROM att.PE.VN vg, p.VN vy
15: WHERE vq.id = v,.id

© ® @D g R W e

e e
W N e O

3.4 XQuery to SQL H#

E HME XQuery H2l9 SQL ¥EE JAE &
f AWttt XQuery 49 2 XML #A4e 2¥ 29
vehd ok

XQueryE W= Wyez 4 XQuery XdY
& zteFE) 3] 98k XQuery ATFEIL AMEEL o
E Y, for Aol F 7} o]de] ¥ whEo] Y& W),
AEE AX FHE for 22 BIHIUA s} for
Ade shtel bgewt EAEHA s Aotk XQuery
o Aol e A7 [23], [14] S04 AFHA
XQuery A7t He] A7) B0 7] A A7t
& AP =E ot

A7EE XQuery HE EMFH FATFEESD
(Abstract Syntax Tree)® AAIdth FATEEE

JavaCCele =79 XQuery BNFE o]&3d g
Parsero] A=W, 7AZHI 78 P2 A 42N
gt

2NTREZE Transformerd] o8 4 78L&
Aoz AP} Transformeres FA4TFE
9 &N oz EIEHA, REFES 7R RE
diojel Z@Aoz AFPstn, °olF HYFEE
RV 24 259 £40d ITFANAAN FEFFERY
xE7F HHFEROZ o]Ro] ARE A7t F
a9 9dllA Be ZAE, YATFEL2Y BRE2TEL2E

N
-

o
l
oL 2 oy

M PTEEAE GYTRIH AYTEY} 298
5 o

FTFEHE AT gnelEel 29 109 vt
. transformAST $e AFASA st
FATEEH(a) ATAHE FHTEE AZE O
et FE(t)E AGWolN dxEFE FHUh o] &
18 EL a0 A =28 7K dER] 5 3"
ar°l A ==E 7AW, 42 2 = g
=271 WATEJAAE AARIL(ES] 7) HAFEH
21 8~108 48y, AAZLE ¥d Fg5-E 35F
thERQl 11). oW, AZAxE A2 ALZE FHF
FEH ()Y FATFEED a9 HRE] apolth 2
Y1, a7l HHATEC] ofd e ad] A =& ael
s HATFES v of 747 Holel B8 48 A4
el 15). A7 AAd=EE dolet AL A
33 "o Aeojso] 3ot

I 29 XQuery A9E HY FES FHoZ AF
AskA, 29 117 2o (dojg @A AW Ay

1: procedure transformAST(transformed AST t;, AST a;) {
2 // ty.tz  node of transformed AST

3 // ai,a.a; : node of AST

4 // d: specific data structure

5. if (a; has child node) {

6 for each ay’s child node ag {

7 if(ay is Core Syntax) {

8 Generate transformed AST t,

9 Add t; to attribute of d

10: Add t; to child node of t;

11 transformAST(t,, a2)

12: } else {

13: for each ay’s child node a3 {

14: while (a3 is not Core Syntax) {
15: Generate d

16: }

17: transformAST(t;, ag)

18: }Iri}

HHATFEL
BETE] fuz E 1
FATEL T wzge
e 7 S L e
HATFE2 YUFEL — BETES |
HETE3

2 .



678 AR 83 =FA
FLWORExpr
ForClause(2) LetClause(7) ReturnClause(10)
FunctionCall(1) FLWORExpr DirElemConstructor(9)
FunctionCall(8)
ForClause(4)  WhereClause(5) ReturnClause(6)
FunctionCall(3)

a¥ 11 A7HE FETEES

EQSA dste)
ATRE FHFREHS 2]
2 ztztel =28 #9448 suA 4o FES U§
£ SQL dEges Aggy. & 1Y 119 47
EZEe Z =9 #3Z <o EAE WHI FAUE
SQL HE3lez A@=o HFHoz dd SQL A9
7} A" SQLE ®¥Esle @nlEe 29 129
yeht ok generateSQL T ATHE FHTE
Egf & A Lo} SQLL AT} no] A4 7R
I Pe ), I =258 AY £3) PHos 7 =g
WE SHA, == ol utg} sl SQL HEH
< HgIHEA 7~1D.

A9 (preorder) €3] Wl

procedure generateSQL(transformed AST t;) {
if(t; has child node) {
for each t;’s child node t; {

generateSQL(ty)

1

2

3

4

5 }
6 s € node name of t,

7 if(s equals ‘FunctionCall’)

8 Use SQL template of Fig. 4
9 else if(s equals ‘ForClause®)
10: Use SQL template of Fig. 6
11:

122}
a¥ 12 SQL A4 gdugE:

29 129 x5S 8389 19 29 XQuery &
o] SQLZ Wgstd, 1 Ade 1Y 135 2o

4. 29 HAI| A ¥ TE

£ ZdMe XQuery FoE SQL Aoz W@sh
Al W7l s Ak Al 4184 Fo] W
orlel AAHA F2E AP, A 428olME =2

dioletalo] 2 A 33 A A 7 5 (200612)

with
bnl as // FunctionCali[doc]
( select EXTRACT(vO.xvalue, /') as xvalue
from auction v0
), bn2as // ForClause
( select EXTRACT(value(v), 'person') as xvalue
from bnl v0, table(xmlsequence(EXTRACT(v0.xvalue,
‘/site/people/person’))) v

), bn3 as 1/ FunctionCallldoc]
( select EXTRACT(vO.xvalue, '/site’} as xvalue

: from auction v0

: ), bnd as // ForClause

: ( select EXTRACT (value(v), ‘closed_auction'} as xvalue

: from bn3 v0, table(xmlsequence(EXTRACT(vO.xvalue,

. 'site/closed_auctions/closed_auction’)})) v

: ), bnb as /1 WhereClause

: ( select EXTRACTVALUE(value(vv), 'person/@id') as aggkey,
: EXTRACT(v0.xvalue, 'closed_auction’) as xvalue

: from bn4 vO, table(xmlsequence(EXTRACT(vQ.xvalue,

: ‘closed_auction')}) v,

2R X N ? g R W

[ S R S S -
S © X Nd: W R WD~ O

: bn2 v1, table(xmlsequence(EXTRACT(v1.xvalue, 'person"))) vv

: where EXTRACTVALUE(value(v), ‘closed_auction/buyer/@person')
: = EXTRACTVALUE(value(vv), 'person/@id")

: ), bné as /! ReturnClause

: { select aggkey, EXTRACT(vO.xvalue, 'closed_auction') as xvalue

N oo N NN
DGR W N e

: from bn5 vO

1), bn7 as // LetClause

: ( select aggkey, XMLAGG(EXTRACT (value(v), 'closed_auction'))
. as xvalue

: from bn6 vO, table(xmlsequence(EXTRACT(vO.xvalue,

W oL o N N
- O © ® =

: 'closed_auction")) v

@
&

: group by aggkey

(2]
@

: )/ snip

: select xvalue from bnl0 vO;

w
~

O% 13 SQL WHE A3} I3 33

=eblel FHA e AR
4.1 B Bx
A9 Worle AAHA T 1Y 149 2o

XQuery
+
> )
texical § Token ‘L AsT o AasT saL
[Analyzcr}—_—'ﬁar“r H’rransformeré Genemor

saL Query

3% 14 XQuery to SQL A9 ¥gr) 7%

o) MY7l= XQuery BYE 99 ol SQLAS
£ gugth de WYrle A 49 HAFXHER ¢
FolA Qlok Z+ HEUES] 75 ogd Ao

» Lexical Analyzer - 98 %2 XQuery A& &

Asted XQuery Aoje] F& SHE E&(token) S
333t
Parser - XQuery Qol9] FE& £43e F47
FE(Abstract Syntax Tree)S 4-3%ct



XQuery SQL:2003
o Transformer - FATFEZHE 4 TES F4
o2 AFgdet},
* SQL Generation - FY7FEEZEZ 9d SQL=E

Hasho,
4.2 T2EER] 73
Ao HEYE FE] YelAd 4 XQuery A2l

w7 4A 2 78

679

&ted Lexical Analyzer$} Parser®] &8 FAs4h
XQuery H9E W oW Lexical Analyzer7} &
A& 3t EER 8485 TR, Parser’t o
XQuery 7%02 FAZEERE FAT 19
Parser?] Adz2 YAHH FHTEEF |
Transformers Parserdll 23] AAE FHTEED

o
flo o

—

5

WE TR AL s3, Bske Ak desith B § WA, XQueryd) d4 7R =57t 9ES )
=M= XQuery BNFE JavaCCele =7& ol& FAFY. I8 162 Transformerd] 93] A7AAE F
XQuery
for $p in doc("auction.xmi")site/peopleiperson
let $a = for $t in doc("auction.xmi“ysil d_auctio _auction
where $ttbuyer’@person = $pi@id
retumn §t
RUN
- Resuft [«]
=== Abstract Syntax Tree e== -
XPath2 -
[----Querytist
| ----QueryBody
| ----Expr
|-~--ExprSingle
| ----FLWOREXpr
{----ForClause
| | =~~~\arName p
{ }----In in
{ |----EXprsingle
| [-=---PathExpr
| }----FunctionCall
{ | {~---QNametpar doc(
| } {----ExprSingie
| I |----PathExpr |
I | I-—-=Stringl iteral ‘auctij|
[ [ ! [»]
XQuarny-to-SQL Translator ver0.9 shkim@dbsenerkaist.ackr

a9 15 Parserd] 93] 44" $ATEEY HH 3

XQuery
Tor $p in doc(auction xml*)site/pecplefperson
let $a = for $t in doc("auction.xml"Vsitesciosed_auctionsiclosed_auction
where $tlouyeri@person = $p/@id

[ ¢ D

return §t st
r Resuft 2
=== Transformed AST ===
RooOtT |
| ~—-~FLWOREXpF .
(R forClause  [p] [p: V=, SL=,LS=[step:AX=/,AT=, QN=site] [step:sX=/,AT=, QN=|
{ |----FunctionCall [doc] [p:VN=, SL="auction.xn1", 5=, Pre=] -
| === LetClause  [a]
| }~-~-FLWOREXpF
i [--—-ForClause  [t](p:VN=,SL=,LS=[step:AX=/,AT=, N=5ite] [STep: A
| I |----FunctionCall [doc] [p:VN=, SL="auction.xn1",LS=,Pre=]
| |-~--WhereClause  [=] [p:WN=t,SL=,LS=[step: A=/, AT=, QN=buyer] {ste|
| |----ReturnClause  [p:¥h=t,5L=,L5=,Pre=]
[ ReturnClause  [piVN=,SL=,LS=,Pre=]
}==~-DirElenConstructor [item] [att: QN=person, PE=[p:¥N=p,SL=,LS={step
| ----Function{all [count] [p:VN=a, SL=, [ 5=, Pre=]
B
[ 1] [»]

XQuery-to-SOL Translator ver0.8 shidm@dbserverkaist.ac.kr

28 16 Transformerel 93] ATARY FHTFEE ¢ 3A
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XQuery -
for §p in doc{*auctionxml"Ysiteipeople/person
let $a = for $t in doc('auction.xml"Vsite/closed_auctionsiclosed_auction
where $tibuyer/@person = $p/@id
return §t -
RUN
r Result E
=== SQL without Optimization ===
with
bnl as -- FunctionCall [doc]
{ SELECT XMLEXTRACT(wO.xvalue, '/') as xvalue
FROM auction y0
)
, bn2 as -- ForClause
( SELECT XMLEXTRACT(value(v), ‘'person') as xvalue
FROM bnl vO, table(OMLSEQUENCE (XMLEXTRACT(vO.xvalue, '/site/people/person'})) -
D]
, bn3 as -~ FunctionCall [doc]
( SELECT XMLEXTRACT(vO.xyalue, '/') as xvalue -
FROM auction_view w0 1=
3
, bnd as -- ForClause
( SELECT XMLEXTRACT(value{v), ‘'closed_auction') as xvalue -
[ ] I ol
XQisery-to-SAL Translator ver0.9 shkim@dbserverkaist.ac.kr
% 17 XQuery to SQL A2 Wy 3 2&
ATEEZ ]} FE3e FFE ALIHAT. =A,

o

283, SQL Generator7} ATFAEE FATEET
A9 ¢33 #AL sEA g9d SQL S AT

28 172 XQuery A 18 XQuery to SQL Ao}
HY71E AMS3le SQLE #MEg EEolth

58 &8

XMLE ERE =HHoln, w7zl 5oz <l
g oje] Hopolla FEso] XML dlolete] o] Wo}
Atk old wa} kel XML HoletE AFsln A<
Sk Wyl Wi A7yt gas] ol Fojxch XML ©l
olgtE AAshc WHoz HAY Holel wolx Al
g o]&3tE wWhye] Wy AFHT X, BAF dol
Eldlo] 2o g HE A9 ojdd SQLE XMLE A
A3tz 9A3ke] SQL:2003 EFOME SQL/XML ol
EgE= XMLE XY 53& £F02 ¥gstn gtk

£ =fdAe XML dolgrt SQL:2003 BES A
A= BAE dHolgwo)lz AlaFel Ao &
uf, olo] w3t XQuery FE A3 Hsled SQL:
2003 EFA Aelsta Y& SQL/XML AHER 3
9 g4 AMEElY XQuery BE SQL o2 H%
e HY71E A4 2 P

E =F9 F8 FAL g 2tk AA, SQL:2003
HEFAA FYstn e XML A 53 durz
EFZAA wWA e XML dlolel eldelr dlojelE

SQL:2003 &%
AHEAE Aol g4 AME3lY SQL "E8E A3,
g AEFHUE 7o 2 XQuery A2E SQL 292
waske WS AUASAT A, Ao A7) g
A} FEE AAE 7estd MGrY sFs4dE B
fo.
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