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Variable and Index Processing in XML-QL Join

Liu Qingwen Li Jing

(Laboratory of Computer Science, Institute of Software, Chinese Academy of Sciences)

(Object Technology Center, Institute of Software, Chinese Academy of Sciences)

Abstract The growth of the internet has made it possible to query data in all corners of the globe, This trend

is being made by the emergence of standards for data representation, such as XML. When used in conjunction

with a DTD ( Document Type Definition), XML permits the execution of a rich collection of queries using a

query language such as XML-QL, XQL, Xquery. Our project is to develop an XML database : XML Content

Server with native storage of XML documents and using XML-QL to be manipulating language for it. The

paper depicts two problems when we executing interpretation of XML-QL. One is the variable table

processing when joining XML documents of different DTDs. The other is index processing of query.

Keywords XML-QL, XML database, content management

1 Introduction

The Extensible Markup Language(XML) is
an emerging standard for data representation
and exchange on the Internet. In the near
future it is expected that XML will replace
HTML as the document flat file format for
web resident data. When compared with
other mark-up languages such as HTML the
main advantage of XML is that each XML
filee can have a Document Type
Definition(DTD) associated with it. A DTD
serves an implicit semantic schema for the
XML document and makes it possible to
define much more powerful queries than
simple, text-based retrievals. In many ways
XML document and DTDs closely resemble
the semi-structured datamodel that has been
actively studied in recent years by the
database community. Overall XML can
serve at least two roles. First, as a new
mark-up language, a web browser can
browse XML file in the same way as an
HTML file. Second, and more interesting to
the database community, it can serve as a

standard way of storing semi-structured data
sets. XML offers significant opportunities
for users to ask very powerful queries
against the web. For example, doing a
keyword search of “book”, 'price” and
“publisher” on the web will probably return
millions of documents. Posing the query
“find the top 10 well sold books that are
priced below $10” using an XML-based
query language such as XML-QL makes it
possible to return the answer the user really
wants.

One important question is what is the best
way of storing XML documents as the
performance  of  underlying  storage
representation has a significant impact on
query processing efficiency. There have
been numerous studies of alternative storage
models and systems and in recent years
several projects have proposed alternative
strategies for storing XML data sets. XML
storage strategies can be classified into three
categories according to the underlying
system used: file system, Relational
database system and Object-Oriented
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database. And it can also be classified in
another way: file storage system and native
storage system. For large queries file system
is not suitable because the cost of parsing
XML document is large. For native storage
system, if XML documents are stored in
tables of relational database, the overhead of
mapping from relational tables or to
relational databases is large and not efficient
for implementation of query language
XML-QL.

We implement XML Content Server on a
page server with native XML storage. Our
XML document native storage is to parse
~ XML document when inserting into XML
database. So when we process XML-QL
query, we need not parse them again. Parsed
XML documents are stored in compound
documents efficient enocugh for XML-QL
path navigation. A Compound document is a
file system inside a file. So the native XML
storage schema is very clear: non-leaf nodes
are directories in compound document, leaf
nodes are files in compound document.
Currently we use Microsoft’s compound
document interface and implement the
interfaces in page server to provide crash
recovery, transaction’s ACID properties,
memory management and disk management.
In XML content server, a DTD represents a
collection of XMI. documents, one XML
document can be viewed as an record of
traditional database. The query language for
retrieving qualified XML document is
XML-QL. The interpretation of XML-QL is
to navigate paths specified in XML-QL in
compound filed stored in XMIL Content
Server. There are two important problems in
the process of XML-QL interpretation. One
is the variable table processing when joining
documents of different DTDs. The other is

2

index processing of query.

2 \Variable Table Processing of
XML-QL Join

Multi-variable table can facilitate retrieval
flexibly of any kind of XML-QL variation.
Our scheme of processing XML-QL
interpretation is as follows. Get retrieval
condition by lexical analysis and syntax
analysis. Then open sub document trees for
compare and fetch. When encounter variable,
whose element or attribute has $ prefix
in WHERE sub clause , check DTD
definition meta information stored in
database to see whether it is a leaf node or
non-leaf node. When the variable represents
a sub-tree variable, copy whole sub—tree to
variable table. When encounter #PCDATA,
CDATA type element or attribute or other
inner implemented strong type, open
according stream and compare condition
with the value in document stream. If it is
not satisfied, go to next iteration. When all
conditions are satisfied execute
CONSTRUCT sub-clause and construct
result sub tree according variable value got
in variable table. For example:

WHERE <book>$p</> IN “bib.xml"”
<title>$t</> in $p,
<publisher><name>hope</></> IN $p

CONSTRUCT <result>

<title>$t</o>

{
WHERE <author>$a</> IN $p
CONSTRUCT <author>$a</>

}
</>.

For every book document, if it satisfies that
publisher name is “hope” then get ftitle
sub-tree and generate resuit. When
processing nested sub retrieval in
construction sub clause, gets author sub-tree
in sub tree $p. In the execution of nested
queries. We need to preserve multi-level




variable table. When exit current iteration,
we delete it. Because lower sub clause
references of variables of higher sub-clause,
some times it is necessary to trace back to
visit higher level variable table. For the case
of element join. an example query is :

WHERE <article>

<author>

<firstname>$f</>
<lastname>$l</>

<>

</>CONTENT_AS $a IN “bib.xm!”
<book year=8y>

<author>

<firstname>$f</>
<lastname>$l</>

</>

<f>IN “bib2.xml”
CONSTRUCT <article>$a</>

For the second condition’s variables,
Whether it is a fetch operation or compare
operation depends on whether variable table
exist their value. We do not fetch sub-tree
for $f and $I in second condition. But first
check variable table to see if $f and $I
variable value already existed, If there exist
their value then compare them with element

values in XML document. Otherwise
generates new variable table entries. It
equals following query:

wWHERE <article>$t1</>

CONTENT_AS $a IN “bibl.xml”

CONSTRUCT <author>

<firstname>$f</>
<lastname>$1</>
</>IN $tl
{
WHERE <book year=§y>

<author>

<firstname>$f</>
<lastname>3$I</>
</> IN “bib2.xml”
y>1995
CONSTRUCT <article>$a</>
}

In the above query, if we had only one
variable table there would be errors.
Variable $a becomes join when we process
nested where sub-clause. But in fact it is not.
So we must have every sub clause a variable
table. And nested query variables are in
different variable table so that above query
will not be treated as join operation.

3 Index Processing of XML-QL

As the purpose of project of XML Content
Server is to implement a native storage
XML database. So to some extent we extend
XML DTD. One extension is to allow user
to specify indexed leaf node so that query
documents in the repository can be
accelerated. Its format is as follows:

<!ELEMENT ...> indexed

specify when parsing this element, the
content of the element is indexed.

<!ATTLIST ...> indexed

specify when parsing attribute of the
element, attribute is indexed. And when
elements or attributes are specified with
indexes on their DTD declaration, element
content or attribute will be indexed when the
whole document be parsed and stored into
XML content server. So when documents
has indexed element, we can make use the

indexes. For example, in the following
XML-QL retrieval:

WHERE <Quotes><Quote>
<Symbol>MSFT</>
<f></> ELEMENT_AS $g
IN “quotes.xml”
ONSTRUCT $g



When an index defined on Symbol element ,
we need not scan all documents in the
collection. At the run time, we open indexes
and just scan a small range in the collection.
If there are multiple indexes, the intersection
set must be calculated. And for large data set
it is efficient. But with the flexibility of
XML-QL , something must be considered
when open indexes. For example, for the
following query:

WHERE <book year=$y>
<author>$a</>
</>IN “bib2.xml",
<firstname>$f</> IN $a
<lastname>li</> IN $a
CONSTRUCT <author>$a</>

If there has already defined index on
lastname, we must open it when we compute
the first sub condition. So in order to open
all indexes with XML document collection
file, we scan all sub conditions to find
indexed element. We use following table for

“bib2.xml"

Data source |

“bib2.xml™

$a

$f

Sa

Scan data source column for certain
collection file in the table. If element or
attribute is not variable but has value then
add to list for index open. If element or
attribute’s data source is not XML document
collection file but XML-QL variable then
check precede rows to find this variable and
check the data source whether or not the
same data source. For the same data source
add the element or attribute to list for index
open. After all items in the table checked,
open all indexes according to the list and
compute their range intersection for final
retrieval.

With index on elements or attributes we can
use indexed join. For case of join variables-
in the variable table must also be considered.
For following example:
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WHERE <article>

<author><firstname>$f</>
<lastname>$l</>

<>
</> CONTENT_AS $r IN “bib1.xml”,
<book year=$y>
<author>$a</>
</>IN “bib2.xml”,
<firstname>$f</> IN $a,
<lastname>$l</> IN $a,
$y>1995

CONSTRUCT <result>$r</>

When we scan XML document collection
file bib2 , we not only open index on year
attribute but also open indexes on firstname
and lasthame according to the value
firstname and last name has in variable table
for the first condition fetch operation.

4 Conclusion

One of the key part of XML Content Server
is the implementation of XML retrieval
language XML-QL. Multi-variable table can
join element or attribute in a very flexible
way. Enhanced by index, retrieval can be
accelerated. An algorithm to open all present
indexes is provided.
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R LS B o LOREL #4842 iy
BMEH - B AIERRABEH R
HERERFIEH, 0 Grep, EEBRER
HhA] LR R I R 3% 47 R I ECTh Rk,

WebSQL™:  WebSQL #1 Web & i



HEA RN —KREER, P EK
URL, 28, BSE®RAM, fERXkR
Bk, WebSQL ¥ /& THR¥ER SQL, i
T—85THAXKER, I URL MR HE
PR DR R I A #H T ER, LURTE X
IR R R B3, U0 “Mentions”,

WebLog®!: —#h#: T Schemalog i
Web ZHHIES, XFESHEHEE—
REEMFEENES, MURHEATNEX
BEiEmng RN B RUBHFIRR, X
MESIEREZR, MARSERHED,
HAEWsETMA,

TSIMMIS" . BT KR T
EHFHEBRRMSTHN—1TH,
TSIMMIS 5 WebLog JEH %R, [FIRERHL
HEMEXWEAMATER HERE
BMEH, BREBUCIRMMERARZBRE
FREY, HIEHAZR T X EmeRItNE
W,

W3QS(WWW Query System) ;. 214
B T KEFEMNRHEAE SQL ) Web
EHESH—ATE, W3QL EFHEN
Web BE—NE KHEIERE, W3QL AL
EHHLEWURAZE. W3QS RIFAFE
BRGE AL, FHE W3QS AFAFR
BEWAIHOEEE, B4 W3QS RFHF
T E B Web SH#1TH0

The Araneus Project™: % BE]A—
RINES FREHEMWE Web FHIBIE,
FEUFEMRERNRELSHEP, B
Araneus FIEIEREEC, R Web HIIAR
K, EXMEIEHERZ L, The Araneus
Project A X T BI# B F Ulixes A K
Penelope, FSKIZHRFE XA, Ulixes
FASRERT. Web FIBUR LA, XLl B 7]
PUES AR EE AR MU R EABT], X
L P R R 7 A B U4 ARIE], Penelope A
DA A 1 e B MY R Y Web #E3CA

WQL(WebDB Query Language) '%; &
ZHHBRTIEIUCRE R HEBRR
IhAE, T WebDB HIBITRZHEMER

MENGEN, BFERERN L
aggregation, sorting, select LA} Projection
#4E. WebDB B— MRt M LIEE
BB HIREN A RS

3 WD-SQLIEE

3.1 WwWD-SQL BJTheE

RA1PFEIA WD-SQL iIE=E1ER Web
EWIEE—F, MU LERHM
Web ZEHIEE N XX HMThEE, mMEESR
— A ThE, WD-SQL iIEE L HNTh
BB

1) A Web Z3E IR R B . WD-SQL &
B RAERHEATIRE, TTLAM Web $iiE
B BUER, FHENE A R BRI A
g‘ﬁﬂjo

)M K E K Web T 0 BHIE -
WD-SQL # 7RI R |, W
AR AR AR 55 R (BB #17
ERFFHMIR . s TR RRE
BRXPEEAET Web BERFEMSH, B
It WD-SQL BA Xt Web HARTHITEM
FHHEAIRES

3) STRr Web T[S % R B FE 2 IR e el
% : WD-SQL & 7 e S B Bt 2 |
TR EPSE B T Web BB IREH 5%
FEAEEEAZ MBI RL, R Web 7T
5 % 2 3R B Z R M B AR F AR 1
L

HEEEB S L Web BIER KB
WD-SQL HIAR I ESE B T B4~ Web $18
RS X REAEELZ TR, ming
X EA Web BB WH TR, IgE
BRBER R TEAR S, BIREE
A BB, WATLISEBE ™ Web
BRI S X R BAR R RIS AL, 5
S F 3R Web T 5 R AR FE 2 A1 3
BRIV, 5 £ Web FHRIRHOEHE
BT 6B

5) BERS SRR RICB I AU, I
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£ (aggregation ), HEF (sorting), HE#E
(select) LIBF# (Project) %% INEE,

6) T MAL: WD-SQL X RZE R
1k, BN WD-SQL RAHEMX R BIRE+
B8 SCHIPRHE SQL, FAE AT LIXTHR%E SQL
BT, 2FE ALY AP WD-
SQL. '

7) 3 H Web JE, U
8) B Mk REGE A AMEES,
3.2 WD-SQL HNiEERIEN

WD-SQL Z—F2{l DBMS HfRiE
SQL MiEE, BHREMITRXHA
select-from-where £5#J, SLfr b WD-SQL
A] LIEVERIRYE SQL W—PFEAY 7,
HiBH#AR T .

Select [{<F|&>)I<BHEESILI<RE>) I

RS> | {<HE>)1<BERTE SN {<TH
>)I<BATIZ>]) | Al

From [Table <35> {Of <¥iBIR £ >)1{,[Table <7
#£> {(Of <BFEHEAL>)) I[Page <II
>}(,[ Page <HE>]} | [Page All {Of <FiERZ
>1{.[ Page All {Of <BUBE &>11)

Where < Fik >

HH Of, Table 52 WD-SQL 53t
KRB F . ZEXTHA Web BRI TE
W2ZE, *RPBEPRCLHFHET K
Web £85I FRE R LA B DA% Web BHE TR
HEAIEIE, DARSERENEREE
JE P R AR R BRI B IE =T Web
AR TR BIE T, Mk WD-SQL 5/
BHREBFE Of ; WIMEMLIIRK SRt
KR YR EER YT Web BB HHTEA,
B WD-SQL 5|3 T Table 55 Page iX B4~
REF, :

H T WD-SQL #IL7EXT Web $HEIR
BRI b, FEIAT Web BRI
B R H B 2RI U 5 35k,
HEATGEAEMI XK, FI WD-SQL
TR ] LI B iRME SQL iEH], T
HEREMAERIMIE, HH% 4
8

Xtk R BARFE AR, BP WD-SQL #1
B A B R O VRYE SQL 1ER] . B I A]
LAt WD-SQL B9iE X 54nHE SQL 28R
1, HSMRTFRELMFER, WD-SQL #EH
It 5E 4 SERME SQL, AU
ro

4 WD-SQL EfjH AR

4.1 WD-SQL BT
WD-SQL HEMMITHRINT, HE

MRRBREEPRBEALSR, WRER

SRR, BEXRPEEFHEIED
LR (A Yy Web BHRIRPHBIREH X
4204k, BIFFE—ABY30), Mty
EEHBRGS CRTILERS%E, 2587
SRR, STR S i R RIE A S 1018
Ro|%, REERERTH. HEERS
RUHRESCEHMBER, IROLHME,
T 7 PR PR BT B B, R R
BB R, WEH R R @7
B, HFEeReREERERS, HE
BATHARRR, AR AEGE AR EH #1T,
S RRAERI R REAR D, BURAS
FEEPRBEMER,

TEEWLSEY, BRI ERTI%E,
XAREFEA WD-SQL X Web HIE R A2 ]
RS TTRRT BT, AN RIT
KARPARSE, XRBARERRAACRE,
— RBBAR TR, — R Web BENR
BRI, RN EE A,

4.2 wo-SQL & *

Query () /ERPIT SR

IR B AR,
UserQuery=GetUserQuery ( )

I BEWTER, WRIFHREMER
UserQuery=TransToDBSQL ( UserQuery )
IR EERIFRBEE RS EH

If Check(UserQuery) then



Return “4EiR"
End if
IRXFREE, ERFLTNE RKOBE
If Database.Query ( UserQuery) Then
INRXAEEEF, CEFENSENE
IR %R, WEZRREAWER
Return UserQueryResult
Else
AN, RBEWERETERT IR ERERSS
SearchResult =
MetaSearchEngine.Query(UserQuery )
IR ARG RE A M AT
LK ) T
If Exist NewPages In SearchResult Then

1/ B 2 A B3 PR U
If Not ZxtractData(NcwPages) Then

T TR BB
PR AR A

Modellntegrate ( ExtractModel(NewPages))
I A B BT BB 948

IR
ExtractData(NewPages)

End if
Else

11 R B A R A S0 A e TR 3
If Not ExtractData(SearchResult) Then
IR IR T B AR
Modellntegrate (ExtractModel(SearchResult))

I T AR A A R R R 2

1P P

ExtractData(SearchResult)

End if

End if

End if
IRRXFREEE, ERFESEAERBIE

Return Database.Query ( UserQuery )
4.3 ERLE

AL EER > EE AL B A AR R R
| EERAEEMPITERS.

YRR ) R

EWHIFEAHROEREL, —2
WD-SQL #& N HRHE SQL A%, iX 2
HAWD-SQLIEEHHAdBEPFELKE
WX RBIERE; BT SQL il
WD-SQL # 2, XFHEL ) Bl % R HUE
JE R B S B A8 N BIR A GE i R 7
FoRMESTIR RS ¥R B RGSH., A
FHEWAT Web BB AR MBS BP T
ZSLPITE S5 R, FATS R R R
XFR, THEX LRI K RTAETE R R R
Ferp, B R E ) T -se A, RAI
- 1k X BB 2 B BT SE IR A ) TE A B A )
o
DA WNE ANE KA

£ WD-SQL #& Ui ArdE SQL #%
RZJE, B TEimaEamEEis.
NPATEW

7 WD-SQL #& e 4nHE SQL #%
RNZJE, PATH R REERENTE, WR
TR E LGSR, WEARYE SQL A8 X%

#y WD-SQL A8 2, [ TR 5%k 1
Lo

5 BifEH
TEARGA WD-SQL #Eif)iE
= WEHR.

# . Select ware.price,ware.type from
table ware of 263shop where ware.name=

£ %;‘m ”



BE WM T L H 263shop FIEIRH
IR AR TE X R PR E P PR P IR
BERE FHLAIMFE LI R AR,

f5: Select all from table ware of 263shop
where ware.name= “F4"

ZEEBENE 4L H 263shop HIFEIR +
BRI AR 7R 2 R YR BE P s P R
BEAFYMAARYEE, .

{5 : Select ware.price,ware.type from page all
of 263shop where ware.name= “F41” and
ware.type= “Nokia”

ZE M 263shop BIBIFE AL
ETFH, FHHTHIRHR, UEREH
AR AR,

B : Select all from page
“ http://shopping.263.net/Article/articlelist.a
sp?Class1=09&Class2= 01&Class3=02 ”
where ware.name= “ E{ZA BB " and
ware.type= “EE48"

BE NI E R T HPEAREE
AR, HETHRIEMER, LMERE AT
AT R,

6 NG

A SC R WD-SQL % Web 33
R —FEREE, M4 Web XL h—
MrHERRFHPIRERSG, HINEERA
MRS EE, B ST Web BB TRBRSTRIE
RPARES, REHEIEIEMBUE Web
B TR B TR [ B e R B EE R RS

. @JO

MY FHEHM web BmIHIEST, W
WebSQL ., WebLog, TSIMMIS, W3QS,
WD-SQL B —EEFa.

WD-SQL Ft43F| i S4B B & B %
APEETEAR, HiEEESEHIARA
select-from-where Z514, S4rME SQL 3EH
M, BTEE, B5EH.

10

WD-SQL [FEft BA X KR PABE LK
% Web FEERAITEWMNEE S, HAHE
A FER B AIThAE, FTRIM Web 3
IR B R, (R VA R ERE,

A IO HIE H E Web BB RE M) $
BEREAT T BT, DEHIH —F Web &8
&S WD-SQL, LIEMIffE#—EHxE
FIEEE WD-SQL HizhiE.
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