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Abstract: XML has become the de facto standards for data representation and exchange on Web applications,
such as digital library, Web service, and electronic business, etc. Indexing technique is still significant for efficient
XML data processing. This paper discusses the actualities of the recent researches on XML indexing. It classifies
the techniques into two categories, node-record-style index with three subcategories, and structural-summary-style
index. It analyzes the virtue and deficiency of the related schemes based on the considerations for query processing
efficiency and data modification supporting. And hereby it proposes three issues for future XML indexing
researches, including internal structure retrieval, multi-dimensional processing on node paths, efficient
modification-validating support and the index amalgamation for satisfying both querying and IR on XML data.
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: TP311 TA
XML( 2004 XMLI1.1)(extensible markup language), ,
Web , XML XML
1
XML XML XML , XML s
XML >
XML ,
XML , XML ; XML
) 3
1 XML
1.1 XML XPath
XML XML ,
(?xml version="1.0" encoding="“UTF-8"?)
(IDOCTYPE root SYSTEM “sample2.dtd”) XML XML 5
(root) XML
(a)al ’ ’
(b)bl XML XML ( DTD XML
( /b<>C>Cl</C> Schema) .1 sample.xml DTD root
(/a) sample.xml s a R a
(aya2
(b)b2 b XML ,
(cyc2(/c) s XML
/b
( /a<> ) (XML ordering), XML ,
(aya3
(byb3
(c)c3 c4 ¢5 c6(/c) XML ,
" <>/b> Lorel, XML-QL,XML-GL,Quilt,
a,
(/root) XPath,XQuery. [2-4]
(a) Sample.xml , XML XPath
(?xml version="1.0" encoding="“UTF-8"?)
(IELEMENT root (a+)) XML »  XSLTL.XQuery
('ELEMENT a (#PCDATA | b)*) XML 2 1 XPath
(IELEMENT b (#PCDATA | c)*)
(IELEMENT ¢ (#PCDATA)) XML . 2
(b) Sample.dtd XML ;
Fig.1 sample.xml and its DTD file XML XPath
1 sample.xml  sample.dtd > 3 B;
Twiglt 1,
XML XPath , w3cC XML
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,DOM(document object model) SAX(simple API for XML), XML
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. . A A ..... - oot
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(. 2
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Fig.2 XML tree of sample.xml
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2.3.2 XML
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XML . XML 10 Pre/Post plane - sample.xml
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RDBMS XML ol .
, i :
XML Se .
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XML ) 2, i
XML g .
(secondary index), , XML 2 .
. [26] .
Xp-tree 0 : : : : :
s XML ° 2 Pré—traversal orger ¢ °
B-tree, Fig.3 The node distribution of sample.xml on pre-post plane
B+-tree R-tree , 3 sample.xml pre-post
3 XML
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s (node numbering method,
,node labeling method), (node path method). XML
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(pre,post) .3 sample.xml
pre/post . , ab ¢
b2 s X Y R Pre/post
4 , b2 4 b2 b2
b2 b2 . (s,pre,post), s XML
1. XML  XT, RcStringxNatxNat(Nat ) Rn, R,
(s,start,end)
1) s XT ;
2) (s,start,end)eRy,start  end;
3) s S XT - (si S ), (sy,start;,end;) eR,
(sy,starty,endy) eR, start,<start,,end,<end;;
4) ST R (si,startj,end;)eR, (S,starty,end,)eR, end;<start,.
start,<start,,end,<end; S S, - ;S S, -
s s end; start, SS S . - s
XML , level. (s,pre,post,level),
’ (S,pre,post,parent,level).
B-E-L B7-42], : XML
) . B ,E
, L .B-E-L
3.1.2.2
[36] .
(indivisibility). A B , R
B A
,6 10 R 6 “3” 10
XML R
- ( ; )
R 4 . level
3.1.2.3
[32] Dewey ; [31] ORDPATH , ORDPATH
[33] (persistent structural labeling scheme). Dewey
ORDPATH , ,
, , ( -1) 1, 0. ,
4 , , “L(u).11107, ,L(u) . , 0.
3.1.3
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XML RDBMS [41] Edge
OEM, XML XML
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[20] [43] Edge ,
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XPath s XPath
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Q0 Oec, Z- Z(0)
s-1 n o
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=0 =1
Z- R n 1 Z- .n 7h
(., Z- (Z-region). B+-tree Z- s UB-Tree
XML n ( XML ) ,
XML Z- , UB-tree XML
323
[57] 4 SQL LIKE
[56] XML
[54]
> Priifer
32.4
3.2.4.1 XPath
SQL (LIKE ‘%’) - , [57] path
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Z 9 b b
, Z- )
3242
) XML
3.3
[38,59,60]
bl ID’ ) (
ID, ) . , [38,59] ) [60]
[56]
XML
4 XML
4.1
XML
XML R 1 XML
4.2
2. .
G=(Vg,Eg,roots,2c),G Ve
|G=(V|(G),E|(G),r00t|(G),2(3). VI(G) n N . n.extent;
B (w,v), Eg Ug€ Uj.extent,Vye Vj.extent.
N XML R NFA DFA
21, [63] , ,
[64-69]
3. (Bisimulation).
G,G=(V.,bB), Vv G ,E ;G >
G'(V,E), G G’ VvV G \% R G
E G E S ,G'=G. G G
R, G v G A\ R={(p,q)|peV, qeV'}. R , R G
G!
1 G P, p p—>p.
, G a p p 5 , G G q
2 G G
G q, a q qg—»q, , G o,
p P a . p—>p.
4. (bisimilarity).
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A Root o P a
/\ Element ’
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=
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B
9
B
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Fig.4 Structural summary of sample.xml by i
bisimilarity equivalence relation %)
4 sample.xml
uxlv
K
, G K
4.3
Stanford Lore DataGuide!®"
XML
.1-index!®? R
DataGuide 1-index
XML XML
Cache : i
,  [65]
Twig >
M(K)-index; [69]
K ) DataGuides,
:K (k-1)
,D(K)-index!®” APEX ,

u v, u v , K(U)=K(v)-1.
(local similarity), K K
[69] F&B

—1.M(K)-index™®”]

G G p.q )

(bisimilar), p~"q.

sample.xml
XML
, , [62]
3 k , XML
5K (K-similarity).
G u vV,
u=lv, u v
G u 9
utv, u v UV
G )
> NFA DFA
, ,APEX[®
F&B N F&B
, F&B
s F&B
,  Xsketch,A(K)-index,D(K)-index,
F&B .
XML A(K)-index®

l-index!®™  A(K)-index
K(v) u v
D(K)-index ,

K(U)
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s ( B-E-L) F&B
Tablel Summarization for XML indices
1 XML
Query processing Modification/Validation
Szl;;rge Ref. Year | Class Subclass su?al::tl)a;ss Basi Order support
asic. TACTINE | \fodification | Validation
computation support
DataGuides  [61] 1997 Incremental
1/T—1gdex [62] 1999 No discussing
A(K)-index [63] 2002
Incremental
APEX 64 2002 N .
641 §$$$2§§1 B | Navigation on 2 maintenance No
F&B index [65] 2002 . summary tree : ; discussing
XSketch [66] 2002 style index No discussing
ctc
D(K)-index [67] 2003 Yes
M(K)-index [68] 2004
isk- No discussin,
PisieBased 6o 2005 Yes £
Edge [41] 1999 Str;é)g{“sfgr‘i::rd
I 1 joi
errlf(jgfng [27] 2002 Sequence Uneqt;tl jom Extended
Order-Size  [21,52] 2003 ;:g‘ber Mediate 2;3"““
o ~ 1
B-E-L 4[2315] 12909093 Node result merge range
Edge"™” [52] 2005 ?r:l;;l:ermg Yes No discussing
Prime [36] 2004 Prime |Prime modulo SC table
Dewey [32] 2002 Number No discussing
ORDPATH [31] 2004 Local sequence
PSL [33] 2004 encoding matching p-tight subtree No
xtended FST . . ; ;
E [50] 2005 . No discussing | discussing
Dewey transducing
Node Transfor-
2001 |record . mation No
UB-Trees (331 25002 style index Multi-dim & Range | discussing . 4
. No discussing
computation
Node Path string
XParent [56] 2002 path matching Yes
. index Suffix tree Dynamic scope
VisT [53] 2003 Label path scan - allocation
Priifer
PRIX [54] 2004 sequence Yes No discussing
matching
XRel [59] 2001
Extended Path string
}nverted [38] 2003 Hybrid B matching Yes No discussing ' No'
index discussing
BLAS [60] 2004 Suffix tree
scan
4.4
44.1 XPath
XML R 1.1 XML XPath
> , XML
XML
BT
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442
, [61-63],
(split) (merge) . ,
5 XML
5.1 XML
XML ,
XML XML .
: . XML ,
, XML XML ,
XML
XML 1 ,
XML
5.2
XML ( ) (
) L XML
R XML , >
XML 5
XML ; XML XML
5.2.1 XML Query XML IR
XPath XML
, XML
XML e ,
XML IR [70-751, XML
1 _— XML
) ) XML IR XML ,
SLCA (smallest lowest common ancestor)!’®, Dewey
XML Query R , Dewey SLCA
, , ) XML Query , XML IR
522
XML , XML XML _
XML ( ,
XML R
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s (13 s 3 2" . s
XML [39,78]

523
, 2003 ,2004 , XML
[15-17.80.81] XML (validation of XML documents)®*!
(incremental validation of XML documents):
XML (DTD XML Schema )7, T XML  T,Tesat(7)( T
T ), T T' S M,
T 'esat(7).
ey ;
2 ;
3) 1 §
C))
[80] ) ,
XML R
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