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Abstract: XML has become the de facto standard for data representation and exchange for Web applications, such
as digital library, Web service, and electronic business. How to retrieve interesting information from the promising
XML data is an active research area. Among techniques in this area, the description of query patterns is a crucial
section. This paper reviews the actualities of recent researches on this topic. It classifies the query descriptors into
two categories, XML Query type and XML IR type (with three subcategories: XML IR/keyword, XML IR/fragment
and XML IR/query), and concludes three popular problems: Twig pattern processing, SLCA (smallest lowest
common ancestor) problem, and similarity measuring techniques for retrieved XML fragments. It analyzes the
virtue and deficiency of related techniques based on their convenience for common users. And hereby it proposes
four issues for further XML querying researches: structural keywords and corresponding structural similarity
measuring, wiping off the redundancy in XML data processing between XML Query (including XML IR/query) and
XML IR/keyword, theoretical discussion of XML Query and its realization, and the management of peculiar XML
data.
Key words: XML query; XML IR; XPath; XQuery; XML keyword search; XQuery FT; Twig; structural join;
SLCA(smallest lowest common ancestor); dewey encoding; similarity measuring; tree edit distance;
VSM; TF*IDF
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XML IR 3 XML IR/keyword XML IR/fragment XML IR/query ,
3 s ‘Twig SLCA(smallest lowest common ancestor)
XML XML
) 4 : ,
XML Query ( XML IR/query) XML IR/keyword XML Query
XML
XML ;XML IR ;XPath; XQuery; XML ;XQuery FT;Twig ; ; SLCA
;Dewey ; ; ; ;TF*IDF
: TP311 TA
XML(extensible markup language)( 2004 XMLI1.1), ,
) , XML
( XML ) ,
s XML . XML
.
XML X XML XML
(SIGMOD,VLDB,SIGIR,ICDE, ICDT ).
1 XML R XML
XML Query XML IR , 3 :XML IR/query, XML IR/fragment XML
IR/keyword; 2 Twig XML
(SLCA(extensible markup language) ) , XML 3 XML
, XML )
s XML
5 , XML Query
> XML
XML 5 >
XML s s
[2] XML XML s
; [2] XML , XML
——XML Query XML IR, ;
1 XML
1.1 XML
XML XML XML
— ) ( ,
( , ), XML
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XML XML , 1(a)

XML . XML , XML ., XPath
G=(V,E,I,A), v G E G Jx
1(b) XPath XML

Dewey R

[2].
(?xml version="1.0" encoding="“UTF-8?)

(proceedings)
(issue)
(articles)
(article)
(title) bibliography on data design (/title)
(authors)
(author position=0) Karen Botnich (/author)
{/authors)
(/article)
(article)
(title) face recognition (/title)
(authors)
(author position=0) cola cohen (/author)
{/authors)
(/article)
(/articles)
(publisher)
(year) 2003 (/year)

(address)
({country) Germany (/country)
(/address)
(/publisher)
{/issue)
(/proceedings)
(a) XML document instance
(a) XML
0 A0,14
A Root Proceedings

/\ Element

O Attribute
[J Text
1 String value
0.0.0 2,8 0.0.1 11,12
Atticles Publisher
0.0.00 A 33 )G, 0.0.1.0. A12,9 0.0.1.1 A13,11
Atticle ‘Article Year Address
0.0.0.0.0A4,00.0.0.0.125,2¢.0.04 40.0.0.1.1A\ 96 I%I 0.0.1.1.0 Al4,10
Title Authors Title  Authors\ | 2003 Country
~[10.0.0.0.1.0 6,1 éo.o.o.l.l.oilo,s
Bibliography ~ Author Author
on data Face
design recognmon
Karen  Positio Cola Position
Botnich 0 cohen 0
(b) XML tree instance
(b) XML
Fig.1 XML document instance—Proceedings.xml, and its XML tree
1 XML Proceedings.xml XML
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XML S (content), XML text R
(structure), XML ( IDREF ),
(direct containment) (tight containment) (proximity property)
XML , . s
- (parent-child) , - (ancestor-descendant) -
R (sibling) XML
XML XML ,
XML
1.2 XML
XML s ’
, XML Query XML IR (information retrieval)
1.2.1 XML Query
XML s , XML Query
XML ,
1.2.1.1 XML Query
, Lorel®, XML-QL™, XML-GLP!, Quilt!®! Xpath), Xquery!™.
p-1 , XML XPath XML
,  XSLT,XQuery
A /
XML « ? 2,/
W3C XPath  XQuery
2 XPath  XQuery 2(a) XPath R XML
Botnich “/
( issue articles) - ;0 2(b) XQuery s
proceedings.xml , XPath “/ ,FOR  RETURN
. , XPath ,
FOR,LET,ORDER BY,WHERE RETURN( XQuery FLOWR ) ( XQuery
)- ;
, XML , 1.2.2
s XPath XSLT,XQuery s ,XPath
XML Query , 3 (2,
1 .
1) S S issue,article, “/s”,l/s”? ;
2 ;S . “Us Ll
‘G//?’ R
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2. . :
)] Lo,Li K » skolLilLolK] ;
(2) B L , B[L]BIK]
3. T(N,E)(N ,E )
1M ;
(2) Ti(NLE)),To(Ny,Ey) > VieN,V,EN,, Vi V2 €, , T(NJUN,,
EVEL{e}) ;
(3) Ti(NE)) NV1ENLV, k e Vi V2 > s T(N1U{Va},
Eiu{e}) ;
4) (predicate) :op value, ,op =7 s
%) 1 .
’ “« (twig)” [13-17],
2(a) XPath Twig Twig XML
Query 2.1
LET $titles:=document (‘proceedings.xml’)
//articles//title
//issue//articles[.//author[text()=Botnich][@position=0]] FOR $title in $titles
//title RETURN (titles)
(title)
(name) $title (/name)
(Jtitle)
(/titles)
(a) XPath instance (b) XQuery instance
(a) XPath (b) XQuery
Fig.2 XML Query instances
2 XML Query
1.2.1.2 XML Query
XML Query 3 >
(containment relationship) ’
, : 5 3
[2] ,
[18]
" XML Query ,
[2] ] [2] ,  VLDB 2006 [19] FIX
s : Twig Twig
, XML Twig , XPath [2]
> XML XML Query s
XML [20-22]. [20] XML
(meta-data, ), FMI(full
meta-data index)  IMI(inheritance meta-data index) ; [21] XML
XPath (linguistic data) , ——LPath; [22]
XML s , Web >
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(fuzzy tree model) . XML Query XML IR
, XML
122 XMLIR
XPath XML , ., XML
[23] ,
XML ) XML IR
122.1 XMLIR
XML IR 3 : XML Query
( XQuery) IR (24291 XML IR/query ;
XML (30-34] XML IR/keyword ; XML
B3] XML IR/fragment.  3(b) XML
s R XML IR/query XML IR/keyword

FOR $i IN document (“proceedings.xml”)//article
WHERE 8$i//author contains ‘Cohen’

AND Si//titl ins ‘Face’ (article)
VA SRS e (title) Bibliography (/title)
AND 8$i//title contains ‘Recognition’
RETURN ) (authors)
(rgulo . (author) Botnich (/auhtor)
(author) $i//author (/author)
itle) Si//title (/titl (/authors)
(title) Si//title (/title) (Jarticle)
{/result)
(a) Xquery FT instance (b) XML IR/fragment instance
(a) XQuery FT (b) XML IR/fragment

Fig.3 Query instances of XQuery FT and XML IR/fragment
3 XQuery FT XML IR/fragment

1.2.2.1.1 XML IR/query
IR XML Query , XML IR . IR
(keyword similarity)

s > >

36.37] (proximity distance,relevance ranking) [5+29,30,38.39], R
XML Query , ,2000 2001 XIRQL XQL . XQuery

XML Query , XQuery . ,2004 TeXQuery™®
FleXPath™' 2005 GalaTex""". ,W3C 2005

XQuery ——XQuery FullText (XQuery FT), XQuery

3 - (keyword-distance predicates).
) IR , XML . IR
; > XPath ,
SQL , ELIXIR,XXL XIRQL.
s 3(a) XQuery FT R R
1.2.2.1.2 XML IR/keyword
XML IR XML

XML :

© hEE
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R [26] (4041 Cohen Face Recognition R
Facet+Recognition article: Author: Cohen, (Cohen) Face
Recognition article XML s
XML s XML s
XML , , SLCA B2,
, XML , 22 XML
s XML (similarity measure). XML s
R 3
1.2.2.2 XMLIR
, XML IR )
, XML 5 XML
XML IR , 2.2 3
1.3 XML
4 2006 9 XML s
3 XML Query, XML IR/query XML IR/keyword
, XML Query W3C XPath  XQuery
, XML XML ;
, XML Query XML IR/query R XML Query ,
W3C  XQuery FTH XML
IR/keyword , , SLCA :
XML
h
X
XML-QL Query —MonetDB/XQuery
[ ELIXIR || XXL || JuruXML || TeXQuery |
XQuery FT,
[XQuery/IR | [[FiexPath | [ GalaTex || Complex FT
XML IR/query N
| XML fragments | | SphereSearch |
Keyword | XSearch | | SLCA | MIU
XML IR/keyword 5
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Fig.4 Summary of query patterns for XML data by September, 2006

4 XML ( 2006 9 )

© rhEf BT

http:/ www. jos. org. cn




XML 1407
2 XML
3 ; , XML
Query Twig XML IR/keyword SLCA . ,
,Twig XML Query , XML Query _—
; SLCA XML IR/query XML IR/keyword 1.2.2
XML IR XML ,
; XML , , 3
21 Twig
2.1.1
Twig XML Query , XML
[12] )
n Twig Q XML GQ G Q G
()
s (i) . - -
) n Q n (dy,...,dn).
Twig Twig Q XML ,
Twig XML Q XML , n
2.1.2
Twig
(1)  Twig C - L - )%
2) ( :Structural join algorithms) XML
3)
s Twig ;
Twig . , .
Q)
, [43] MPMGIJN(multi-predicate merge join)
;2 XML ,
(4,451, XML
(2]
2
[46—49]. Twig
S s [47] FST( finite state
transducer) ) Twig
Dewey i > Twig Twig
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Dewey , FST Twig s
Twig
,2006 ,VLDB [19] XML (
, [2] ) , Twig (twig feature)
3)
R Twig
, Twig s Twig ;
, XML s Twig ,
Twig R S s Twig
[12,14.50,51]
5 2 (holistic path join, HPJ). , 5(c)
A,B,C, 5(a) C, ,HPJ
S B, Sa A,
AB,C, 5 Sa A > B, 5 > AB,C,
, AiBC,. 8S] , S G G &
A
Eln
| A
Al\z & AleB, A B C
Blz I A4 B, | C A B, G
G c S S & A B G
(a) Data (b) Query (c) Stacks (d) Result
(a) (b) (© (d)
Fig.5 Holistic path join processing
5
HPJ , XML 2
3 [14,50,51] ; , Twig s [14]
Twig (holistic twig join, HTJ), [51] ,
[12]
2.2 XML SLCA
2.2.1
XML R XML :SLCA
4. SLCA G=(Vg,Ec,I,A) W={ky,ka, ..., Ke}, ,SLCA
XML XML (XML )S S
Q) S ;
@ s
R SLCA Dewey , Dewey
Dewey , ,
s . 1(b) Dewey SLCA XML
Cohen Face Recognition XML s SLCA
s SLCA Dewey Dewey SLCA article
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Dewey 0.0.0.1, Face Recognition Dewey 0.0.0.1.0, Cohen
Dewey 0.0.0.1.1.0, [2] Dewey ,SLCA Dewey
Dewey .
, XML , SLCA
Dewey
222
SLCA , [32] 3 :Indexed Lookup Eager (ILE) Scan Eager (SE) Stack
B3, Dewey , , 3 Dewey
ILE ,
1) B+- .
(keyword,dewey) s keyword ,dewey
Dewey . B+- DBPT(dewey B-plus tree). ,DBPT Dewey
, Dewey (Ica) Dewey Dewey descendant
,DBPT , Im(dewey, keyword) rm(dewey, keyword),
DBPT keyword  Dewey / (smaller/greater than) dewey
/ Dewey .
2) ki,ks,....kx  Dewey D,,D,,...,Dy.
D; ki Dewey , ( ©o” )
S D, Dewey
3) , Dewey D,,D.,...,Dg SLCA ILE(slca(Dy,...,Dy))
dca(D,,..., D, ) = removeAncestor Uslca({v},Dz,...,Dk)],
veDy
slca({v},D;,...,Dy)
slca({v},D,,...,Dy=slca(slca({v},Ds,,...,Dx1),Dy),
Dewey D; Dewey Vv SLCA Dewey R
slca({v},D;)={descendant(lca(v,Im(v,D;)),Ica(v,rm(v,D;)))}.
3 , D Dewey DBPT k-1) Im rm;
Im rm Dewey JLE Ica descendant
SLCA Dewey
G , JLE XML
DBPT : XML N , B+ m, ,BPT
bogn’ij, JLE (k—1)x| D, \xbogn'ij rm Im
XML N, ILE XML SLCA,
, SLCA
3 XML
XML , XML IR/keyword
XML . , ,
XML IR/keyword
1.1 XML , XML
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: TF*IDF
31
[52,53]
5. : G=(V,E,1,A), 3 (rename,
) (delete) (insert), 3
Tl TZ s ]/(S)a S
, ) T T2 S (optimal
edit script), T T EDist(T,,T,), EDist(T,,T,)= misn{y(s)} .
TF*IDF 23]
32
TF*IDF ,
TF*IDF 3 XML 4 TF*IDF
TF*IDF MLP( :maximum leaf path) (path bag model).
3.2.1 TF*IDF
Top-k,k-NN(K nearest neighbor) . ,
s Ranking (similarity
measure). , [23],
(vector space model, VSM) TF*ID
TF*IDF , (d,0s,...,dy,N )
(term unit), —(t, b, tm),m .
, , (d) @ 4
dj q
,TF*IDF 0= (Wi g5 Wy g5ees Wi ) g;
d =W Wy W) w;j(1<i<m) : t oj
freqi’j, maX|frequ, n; ti
, iy idf (tfiq )
freq .
= A , idf; =log—
max, freq ;
L dj IWi’j=tfi‘j><idfi.
t; q Wi o(1<i<m) ( ):
Wi’q=(0.5+0.5tfi,q)><idfi.
5 5 d] q
m
d g 2 X W
sim(d;,q) = ———— = —"1 .
‘ d] | X | q | m 2 m 2
le j ;Wi,q
s VSM  TF*IDF : R
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XML
; XML
TF*IDF _ XML « (
[54] 551y, XML “« » ’
XML .
, 3 XML , 6 . , 6(b) 6(c)
6(a) , 6(a) 6(c) ; 6(a)
6(b)
A
5/\2 5/\2
% Ly
d
E E rkz i ki
(a) Source XML fragment (b) Exchanging k; and k4 (c) Exchanging k; and ks
(a) XML (b ki ke () ke ks
Fig.6 Three XML fragments with same labels
6 3 XML
322 TF*IDF [31,33,35,55-37]
> , TF*IDF
XML , XML SLCA
SLCA . , XML R
6(a) 6(b) ,
323 TF*IDF [55,38-61]
TF*IDF «“ (term)” , = ¥ “Twig
(twig unit)”. , XML , XML “Twig
? , [55] 4 “Twig
” , [58-60] .
, XML , XML
XML XML R
3.2.4 MLP (maximum leaf path)>
R XML An MLP of the
MLP ’ root node P
MLP XML . MLP ,," X
, 7 [P A N v
XML *' 1% :
B[ 1]1]o] /
, MLP XML e SR o B S ’
, 7 ’ Seaoi- ~T.
,  MLP ,  6(a) Fig.7 Illustration of MLP concept
6(b) 7 MLP
http:/ www. jos. org. cn
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3.2.5 [34.63]
XML XML .
R R s 6 3 XML
, , [63] ,
, , ) 6(a)
6(c)
3.3 XML
> XML
1 ,
; TF*IDF
3 4 TF*IDF
TF*IDF MLP . XML
s XML s
XML 4 XML XML
s s XML s XML
s XML s
Tablel Summarization for similarity measures of XML fragments
1 XML
Similarity measure |Reference| Year Class Subclass Description
o Three edit operations:
1992, -Rename, delete, and insert
Tree edit distance [52,53] | 1997, |Accurate method| Tree edit distance L
o Smallest edit cost
2005 . .
> Complicated to computing
o TF*IDF at leaf nodes
o Using hierarchical information
Regression TF*IDF [31,33,35112003 Regression TF*IDF| as regression parameters
[55-57] | 2005 p p .
° Be insensitive to the structural
difference
UBDist [58] 2002 o Structural term is the kernel
Structural terms [61] 2002 e Structural term vector distance
Twig units [55] 2005 Structural TE*IDF | 2 the similarity measure
Binary branch distance [59] 2005 ° Be dependent of labels or node
positions
pg-Grams [60] 2005 > Complicated to computing
Approximate o Label path vector is the kernel
methods o Similarity measure is the vector
2002 distance
Path bag model [54,63] 2003’ Path bag model |° Be dependent of labels or node
positions
o Be insensitive to the structural
difference
o Two parts: Structural similarity
+ Semantic similarity
MLP [62] 2004 MLP ° MLP Vecto'r is th§ kernel for
structural similarity measure
o Be insensitive to the structural
difference
4
41 XML
XML XML
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IR/fragment
XQuery FT

4.2

IR/query)
423 )
4.2.1

XML

4.2.2 XML

XML

1413
XML , ,
XML , XML
XML XML , XML ,
, , XML Query XML IR
3 s XML IR/query XML IR/keyword XML
, 3 , XML Query Twig XML IR
XML IR/keyword SLCA XML
> ) XML 2l
XML ( Twig XQuery FT [68]
\ XML IR
XML IR/keyword
XML
4.2.1 4.2.2 , 2006 , XML Query( XML
s XML Query (
XML ( 424 ).
XML ) >
XML IR/keyword
) XML
XML
) XML !
XML
> ) XML ,
,MLP
XML , XML
. 4 s , XML
XML Query XML IR/keyword XML
XML XQuery/FT
XQuery ) (27-29]
XML
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XML , 22 XML 21
> [65]
XML 1-Index s s
s XML ;
[3233] , ) i
1.2 R [32] s SLCA R
4.2.3 XML Query
, XML R
. XML , XML
[66,67]
,  XQuery FullText , XQuery/FT 5
s XQuery/FT [27] GalaTex
XQuery Galax 2 XQuery/FT R
XQuery XQuery/FT . ,XQuery/FT
R XML .2006
,SIGMOD  Complex FT®
4.2.4 XML
82.T:2 R XML
XML s >
XML s
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