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XQL Query Processing System using XML Views

Chun-sik Kim' and Kirack Sohn'’

ABSTRACT

XML has become a standard for exchanging document data on the web. Currently, most of the
commercial data are stored in the relational database system. It requires to converse the document into
XML form to transfer the data to a relational database system. The purpose of this paper is to research
on a query processing system which will make it easy and convenient to raise a query and derive results
from the document data stored in a relational database.

We have designed a XML view called R2X(Relational To XML). With this R2X view, users can view
a relational database as XML documents. Using R2X views, we design and implement a query processing
system which will make it expedient to form a query with a XML query language called XQL.
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<IDOCTYPE monograph [

<IELEMENT monograph(title, author, editor) >
<IELEMENT editor{(monograph+)

<IATTLIST editor name CDATA #REQUIRED>
<IELEMENT title(#PCDATA) >

<IELEMENT author (name, address) >
<IELEMENT author id ID #REQUIRED >
<IELEMENT name (firstName?, lastName) >
<!ELEMENT firstName (#PCDATA) >
<IELEMENT lastName (#PCDATA) >
<IELEMENT address ANY >
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1: monograph { |

2 title ($mono'=MONOGRAPH) {
3 mono/title

4 )

5. author ($author:=AUTHOR) ( |
6

7

8

name { |
firstName {
author[mono/authorid = author/authoridl/
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9 }
10 lastName (
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12: }
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16: }
17}
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19: mono/editor
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struct Element {
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results { |
result { |
editor {
mono{titte='Subclass Cirripedia"]/editor
}
}
}
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typedef struct {
string elementName // xqldS|HE ol&x
string ruleType // t<- B]2E, r<- tablefiler,select
string elementContent // A2 HE Y U &0}
d2EQ Ao B
string tableName{3] // H°]& o]&R 3
string filterInfo(3] // YE{ & HJHE HE
string selectInfol3] // select A2 & B2 &
string pathinfo // 23 EE B
string sqlUserQuery // xql& sql2 W83 ARE W
4
string ruleTypeName // xqlZd 9] HEIARE 2T
} ruleInfo[MAX];
1: xqlProcess()
2. { RZXHHAL(Y 3¢ g1 o XMLAZFZ
(29 17 A%

3 xqlClause = A2 RE XQLEYE 9le=v).

4 while(xglClause 7} @2E® o] oY) {

5: xqlClause 28] TElementName# rulelnfo2

e gk
6: rule = rulelnfo?] BIYE F&3};
7 if (rule = 'select children’ or ’select
descendants’)

8: { rewrite(ruleInfo);

9 ScCompose();

10: telse if (rule = ‘filters’) { rewrite(rulelnfo);

11: Jelse if(rule = 'Union and Intersection’) {

12: rewrite(rulelnfo);

13: }else if(rule = 'Equivalence’) {
rewrite(rulelnfo);

14: Compose(r2xInfo,"Equivalence”, rulelnfo);

15: }else if(rule = '‘Boolean Expression’) {

16: rewrite(rulelnfo);

17: Compose(r2xInfo,"Equivalence”, rulelnfo);

18: }

190} /* end while */
20 generateSQL()
210 }
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‘Equivalence’g] 7-¢olt},

o] AL author[last-name=‘Bob’]3} #& Ao®
A, authord 2] Y E Lo last-name A A E 7} Bob
1 Aol Qo™ authorg RHolgte Aolth ©] BYl
o] Aoz “=", “1="9} T o] HFIAT £
R daniae GAAAE TFAH L o]
Ao rewriteE T 3}, rewriteF I THo 2= A
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Ao A3e S 15+ ruleo] ‘Boolean Ex-
pression’¢l 73-$-o]g}
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EQ QI2" 2T FAd Holx shold EX3e
7+E B A9olth o] A¢x F137 2L A E
Fegt 2202 SQLE AASES R ES 343
o A= FEolrth

(19 12)& A7 (29 8)F 22 Hrt 59
2 A$ ("1E Adoll doe dAUEd dsAe
XQLEE sl (18 18)8 2 & EF & B=EE
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41eE 3:rewritee AHERF XQLA 2] 9} xmlF 2] Y3
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typedef struct {
string elementName // D2 HE o] &
string ruleType // t<-&l2E  r <-table, filter,
select
string textContent // & o] 22EQ A$
string tableName // Elo] & o]&
string filterName //sql9) 4 whereol| i3 3l= Z B
g Ze
string selectName // SQLA A select TH&-o U2
FEZ2A4 AR
string pathinfo // FEZHE AZJRE ¥
g},
JrxinfoValue[MAX]J;
1t rewrite(rulelnfo)
20 {
31 for(i = 0; i<AHEF}EE (rulelnfo); i++) {
4 EachElementName=
rulelnfoli]l2 7 & delHE o]2L &%t}
5: LocationFromView
=R2X¥H9l A EachElementNameo] A& ® 3]
AE} A3t AUHNEE L @shd ¢Ad QddAE
L1180 )
6: r2xInfoli].selectInfol0]=
rxinfoValue[LocationFromView].selectName
r2xInfoli].tableName[elemIndex]=

7
8:
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10: r2xInfoli} filterInfolelemIndex]=

11 rxinfoValue[LocationFromView].filterName

12: r2xInfoli].pathInfolelemIndex]=

13: rxinfoValue[LocationFromView].pathinfo

14 if (r2xInfolil.elementContent 7} o}F &% ¢l
o)

15: r2xInfoli].ruleType = "r”

16: else

17: r2xInfolil.ruleType = "t”

18: elemindex++

190} /* end for */

20:}

a3 12, rewrite ¥12|E

H) o]-&38} 3, “editor{" Tl L2 & Fojolx A&
HE o] & F&3ld RXFAA FZ3sle R2Xo|
A Z2d e AYUE o]Fo] EAsIAE A= B
ol #e ARE siAebA (29 18)7 go] #4
Lia= s

(¥ 13)2 2}1-8-2+9] XQLA Y &4 o} (rule type)
o] ’select children’ or ’select descendants’$] 73
rewrite Z&-& 2837] ol Yo g AHYEA H
o) Z-0] d}oldol: whereZd) B F IE7) 3
o]l Ao Ao ARAE fsA e F

G e FE 4AHR2 XQLA 2l o 2 2] EA4o](rule type)©]
"select children’ or ’select descendents’$) 73-$ rewrite
REES A&37] Mo WA AR A HolBo]
o]do]a whered ol "Wagt Hejst e} oA A
%) g)o]t},
ScCompose()
{

if (r2xInfolilruleType ©] "t"<} o) { }

else if (r2xInfolil.ruleType ©] "r’z} 2o H)

uniqueTable[j++] =
(r2xinfolil tableName[j++]) 2 %€ 4% H

ol 8 o]F% F&3IJt}

if (o]&o] 3 7 o] A% )
A9 E ZAj3g
else {
if (r2xInfoli] filterInfo 7} ®lo]& Z<Qlo|wH)
r2xinfolil filterinfo = "
}/* end elsex/
}

12 13. ‘select children’ or ‘select descendants’ X{2|
E {8t gdue|&

& ZEo|th

(2% 14)= 2183 XQLe] A9 E4J0] ‘Equiv-
alence’dl o] A §A4& A Aol ol E &
ol A7t (¥ 8)3 Zohar 73}, editord 2™
E Y} de ts9 g

“/monograph/edi tor[ /monograph/title="Subclass

Cirripedia”]

XQL A9 E R2XH 9 A E %3¢, monograph,
editor, title2 EF AgHECnR FAo HAEE ¢
A R2ZXFoA Fxgch Fzxg JdeidE 9
HAELE 25 §FAsorgttt. 9] Fo+ titleo]
“Subclass Cirripedia”¢] monograph editorg .o}
Ze Zojolr}. o)9} e HAuj &4 SQLE W3}
7] AsiME dfde] ot

monograph$ HolA Zx& 74, Wi &F
oS X33 A gt editorg HolA F23)
M “mono/editor”7F B}, titleS HolA FxddE

dngHE 5 AHEAF XQLY A 54 o}(RULE TYPE)]
Equivalence 1 A%<l Ao A2 A% AN =E

1: Compose(r2xInfo,”Equivalence”, rulelnfo)
2 {
3. token ="

4:  findIndex = 0

5. filterInfo = rulelnfodl X BEIPRE F& 30}
6: tokenInfo[l = filterInfooll A} EE% &

/) BEL YEAGT, 7Y o
7: for(i = 0; i<UBound(tokenInfo);i++) {
8: token = Mid(tokenlnfolil, 1, 1)
9 if (token ©] 2&&Ao]H ) Or
10: token ©] ”.” Or token o} "/"o]¥ ) {
11: findIndex = FindSubElement(tokenInfoli])
12: if (findIndex >= 1
13: comfilter = comfilter &
14: rxinfoValuelfindIndex].tableName
15 comfilter = comfilter & "/" &
16: rxinfoValuelfindIndex].selectName
17: } /* end if */
18: Jelse {
19: comfilter = comfilter & tokenlInfo(i)
20: }/* end if */

20.  } /% end for */

21:  r2xinfolil filter[0] = r2xinfolil.filterf0] & " and "
22: & comfilter

231}

O3 14, 28 dnelF



“mono/title” 7t Bl 22l $o) Ao =
titleo] “Subclass Cirripedia”©| 2.2, o] 2H-& A¥
3 2ol (219 99 et Hlun iRHogE (O
4197 2 eyl 29 (28 99 e FHE
Ao g FAsted Had Mg st Al (2
101t} (18 1495 AHEA XQLA o) EA3e
A HEE R2XFNA F2T A5 Fx2d A9
EZ EAFeAE Zn &AW Azs0, 53] A
AHEY AR E e UHE Ajslo
(19 18)9) WE Yo go] FA4se e 9
it} o] HE He v UFd) SQLY) whered & HE
st o] 83

(23 15)e] ¢ FL (27 18)7 o] Hejrt
Aol 5 Fol A4 E 295 SQLE HBAF]
=4 o] &3t gargFoltt. o] ¢aElEFS XQLT
okg HAgh A Ao UG Hdo] USE ¢
T ATk

XQLE& A FEo et # /T AL o
H A g AT SQLE HEE T AT UHE
3} o] Aot

3@
o

do Hu

fr3el wpetr g o] Mejghoh

+ “Select Children” &+ “Select Descendant”
35

“select ~ from T where T "S¥|E HBAZY &
p=

- “filter"d A$

54 dE|YE g EAdte dVES 12
H2ot Fojx shjolit EAjgt=te Fojolnz
o} SQLE “select ~ from ~ where ~ and exists
(select ~ from ~ where ~ )9} Sl HEgNZG
At

- “Equivalence”¥d A%

TE HHES “and’E dZ3s= FEHEA] SQL
Z “select ~ from ~ where “and ~and T .7 "®
HEAL & A

+ “Union and Intersection”$} 7%

% 7| 0149 SQLE Union2 2 A3t ALY In-
tersection 2 A3 Helo Aers Hr

- “Boolean Expression”9] 7%

ERe dIHEEC] BF e YFE EA8=

A B "Ajojr}. o)A 9 SQLE “select ~ from ~

XMLE® o8t XQLEAXMS A" 137

where ~ exists( select ~ from ~ where ~ ) and exists

(select ™ from ~ where 7 ) . .." Felg2 HIAZH

# st

A7t AEF WEol (19 15)9) SzelZel
W@ 2ol

duelg 6 Ao FPdnelFol £YE geole 2
g il go| g2 ARAHA B A AT 2E
725 o] 8, Ao 54E& o8, ARTR(E
gzl AZE M2-E R2XH-5 SQLE ¥#3te ¢l
2y

generlateSQL()
{
for (i=0; i<ubound(r2xinfo()) {
if (rule = 'select children’ or ’select descendants’)

r2xInfo(i).sqlUserQuery = select ~ from ~
where ~
"filters’) {
r2xInfo(i).sqlUserQuery = select = from ~

Jelse if (rule =

f

where ~ and exists(select ~ from = where 7 )
lelse if(rule = 'Equivalence’) {
r2xInfo(1).sqlUserQuery = select ~ from ~
where ~ and © and ~
Jelse if(rule = 'Union and Intersection’) {
r2xInfo(i).sqlUserQuery = (select ~ from ~
where ~ ) union (select ~ from ~ where 7)
Jelse if(rule = 'Boolean Expression’) {
r2xInfo(i).sqlUserQuery = (select ~ from ~

where 7 exists(select ~ from = where 7) and exists

(select ~ from ~ where 7) and exists(select ~ from ~
where ™)

}

33 15. SOLMA ¥D2IE.
6. 78

(19 16)2 R2XH-E 9% BNF #34olt}. ol&
g o 2 R2XHFol g 7 E(2d 1NE 74
Fia=y

(29 178 (3" 35 oM (29 49} e
ARz 7" Eg F2E vehd Aol
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ELEMENT_INFO ::= ELEMENT_NAME "(" VARIABLEDECL ")"
"{" BODY “}" | "|” ELEMENT_NAME "(" VARIABLEDECL ")"
" BODY "}"

VARIABLEDECL == VARIABLE ":=" TABLENAME

BODY = ELEMENTCONTENT BODY? | ELEMENTRULE BODY? |
ELEMENT_INFO BODY | ELEMENT_INFO

ELEMENTCONTENT := TEXT

ELEMENTRULE = "$"VARIABLE [ FILTERINFO ]/ SELECTINFO

FILTERINFO := ELEMENTNAME OP VALUE |
"$"VARIABLE/SELECTINFO opP

"$"VARIABLE/SELECTINFO

SELECTINFO = TEXT

OP = 7=" | "< | "> | "=

18 16. R2XRE #& 29

monograph

author

editor

alementName

TuleType
taxtContent

monograph [ lube
firstName lastName fiter

'™ welect

monograph/titie pathinto

a8 17, XML® M7=

(29 18)& XML AH&-AF XQLS 9383 o}
S A2 A A& (Rewrite)§H AT 2 THE A 2
2 XMLR-(R2X) ]t}

Results { |

result {
editor {

/monograph/editor{/monograph/title=
"Subclass Cirripedia”|

]
editor }
¥

Element name:title

Table : monograph
Filter {/monograph/titie="Subclass Cirripedia”}

L Select : editor
Type Name : “EQ”
RuleType : r

3 18. R2X% User XQLe| 2

(18 8)9 monograph, editor, title AT AEE
R2XH-o M Zo} dR)ete AHEY EA3H &
£ (289 13)7 2ol AL E-E o &3t A’
3lu, (29 18)3 2& 75 SQLHEE ¢ndEs
o] &3] Bg3 2 ODBCE o] &3t dlojeH
olzof} Aodlm W] AHES AHEAAA AT
F At

B =R gF d7o v 43S HaM B
A 2¥2 HE$ 500Mhz 128Mbyte 9] #) Q) vl =2
A 2o &G A A= A= FMER 5921, Visual
Basic 6.0 ©]&3lo FdE3IA.

(2 19€ 2o Ay 2dod XMLFE A=
1 XQLEYE Y43 3ol

R

2] 19. XejAlaHo XMLRFE ol85t0i XQLESE o
B 2

(19 20)& AogA 2ol A XQLAS] 433 2
#3Hg HofFa Qv

[manograpl !

13 20. HejAlaHol XQLAL|#E HYs Haisty



(B D& B =7 AL A" 4%
ZA GAE AP R A FFE FATE
Aojtt.

Bt
Hel

his

E 1. XOL Aojxzlel Al Az

‘ 9 Ams)
;(12@:»@1‘1::1@@; @e | &

| Qﬂl
- Oyes 4% | #33
XQL H(RXL) 44 28ms | 28ms 28ms
XQL o4 19ms 19ms 19ms
XQL-2-SQL ¥H$ 1131ms | 1089ms | 1067ms
SQL 3441-1?4 1525ms | 1433ms | 1421ms
% »“R} 2703ms | 2569ms | 2535ms

(% Dol s 298 9% 29 ¥ v
Zl

- ‘Ao FE17 o oy
/monograph/author/name/firstName

< A FH2 9] Ao
/monograph/*/firstName

“AAH¥3" o Ay

//firstName

HE oj&sA ¥ =, @A dojgyol2d
XML oJE & B8] Jej2 44T ¥, XQLE F 9|
313l XQLE SQLE ¥¥3 ¥ SQLE AHYE FF
st APAAME F FArTe] 108 o] o] &85
Atk HE ALLER G Alade AR 2 E do}
W 7] 9l A Self-Joino] Ao} AEqHE o] oA
2 o] FEA g& A7te] Ag T}

o) 8o wr& Ao AHA el M= FBAIRE
oA & AolE Holx ¥t

B =R A At A2 dolel & Ee]
2 A3t XQLE A 9)dle Al2Ho] ohjua g o]

FEol AuHoE NS FAaATE 8eE 3
7HE )
7.8 2

XMLE 4 deoljd 24 dlolg a@dg At 85
ol AUt AA hF-Eof AAdA 2H ol A XMLEA

XMLRE@ OI®3' XQLAAXZ A28 139

£ o] &3t 7147k 719 71|zl 7193 A QI
o &8 HHE wgstv] T vErH Folo g2 XML
& o] &3ta qlrk

AR uge g oA AMEEHE dolE & A
Z to|eful o] 20) HAE vlo]E o] Avt op il 3}
A2 Ry ol Aotk EA) FRuES
AeiA AMFA e HolH = XMLEH ] diolHY
RAoltk. XML& 8l 9] tlo]el 9] R At Z2
Bl fe3 RS A3 AL BAE B
£ "ol A HolE o] A5 o] &3 BAo HEAF B

= 9 Fas

EF BA G501 dlojeiMo]l 2o TR &
235 dolEE XML 2 504 A 2 &-& 3}
td o] &3 wWe 7EX7F AL Aotk

Bo=Eoa Aghe A Ade AEZ) AAE o
olE o] o) AFH F&3 o8 E XMLIEEHE
Hu Ao F AERXL HE HATLEZN A
doleulo] 20 XQLE d9E & + A3 A9 2
JE FEHoE FEY F v A2HS A %
T

=l A At A" FAFH2 XQLA Lo
T XQLA | o1E 5744 vﬁézi Feted £33l
e 2oyl Eolow g 2o Her} vk 8tA|
e} f¥ol £ A FeHe A el AL
Aok Wk, FF Aol He g B &3l
XQLE ¥ F3 7oA XMLE 9% BEAE
uEsa A ¥ dojolrk XQLES HF 29 A
A 28-S HAT o) fo sl e BAAFANA
gk XQuerys ¥5371 & Ao vdiHe A
ololu g FF ol ApHAZAN XQueryE A U3
Aolxel Alage 4A 2 AR TR olwt
g Aoz 7}
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