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Abstract: How to process twig query quickly and correctly has attracted much attention in research society

recently. Filtering query irrelevant elements before query execution is an important step for reducing elements

scanned at query processing. As a flattened structural index, F-Index is proposed to filter out all query irrelevant

index nodes, thus query irrelevant elements can be filtered out rapidly and mostly, especially when it is processing

deeply nested XML documents with a complex structure. After filtering, a new efficient query algorithm based on

the remaining elements is proposed to accelerate query processing. Experimental results on various datasets indicate

that twig query’s performance can be improved significantly by using F-1ndex.
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XML ,Twig
( ) Twig . Twig
, (PC) (AD) ,XPath /lbook [//appendix]//figure
book figure , book appendix
, XML ,
XML XML 1 , XMark ,
1-index 514 ; TreeBank ,1-index 338 748
Tablel Comparison of different datasets' features
1
Dataset Size(M) Tags Doc.nodes  1-index nodes  Doc. nodes/1-index nodes
XMark 115 74 1666 315 514 3242
TreeBank 84 250 2437666 338 748 7
AD PC
(1) F-Index, XML
,F-Index
2 ,
(©)] , .
1 2 3 F-Index F-Index
4 F-Index . 5 6
* 7 8
1
[1-5] [6-13]
. [14,15]
, TwigStack!*¥ , AD ,
PC , AD , Twig ,
[15] XR-Tree , , XML
[16]
, .DataGuide*”,1-index*8
F&B 29 [16,20-22] [16,20] ,
) [21,22]
TreeBank , ,
, [22],
, “r “PC” , “AD”
: Tag , AB , ., AB
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2
1 , 2
(@) XML-Document (b) 1-Index
(a) XML (b) 1-Index
Fig.1 XML document and the corresponding 1-index structure
1 XML 1-index
1 /IC[/ID]/E , , TwigStack
C1...Cs,01...0d3,61. , 1(b) , 1-index C.,D:  Ey 2
C1,C2,C3,d1,02,81,  C4,03 1 ,
, 1Cy,Cs, , 2
3 F-Index
3.1 F-Index
(start,end,level) 1-index 1-index Tag
, start , 2 , F-Index
1. A n Tag B , 1 B;, n
2 B; n
A 1-index , A S={ny,ny,...,n, ni(1<i<k) A
. , 1, S Tag , SSSHUS UL US(m<K)
SNS=((A<i<m)A(1<j<m)A(i#])), ,m Tag , S(1<i<m), |S] ,
1 Ng 1 1, A Tag B , 2 Ng1 ,
IS5l
, 3 3(a) , 3(b) 3(a)
,AncestorNode A, A Tag C ;ChildNode C,, A
Tag C Co, , -1 ;MinDescNode Ar Tag C
start , C,,nDescCount A Tag C 1(b)
, 2 Tag C ., C,G, A; . A
MinDescNode 2 Ci, 2 .
3(b) A; Tag C 1(b) , Tag A
Tag C , , AncestorNode , 3(e)
) Tag A Tag C
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AncestorNode ChildNode | pC A | C | pC
MinDescNodenDescCount| pD C.| 2 |pD
(a) Thelink element  (b) A link element instance
(3 (b)
‘ A M A M A ‘ ReachableTag P AC£
| B B B P PO
C c, C, (c) Thelink head (d) A link head instance
SIGEG © @
AC | PC P AL |G | pC— A |G| A
PO Ci| 2 [pDr—C | 1|A
(e) A link instance
(e)
Fig.2 Query aided structure Fig.3 Thelink structure
2 3
3(c) . 3(d) ,ReachableTag 1-index
Tag , 3(d) , LAC Tag A  1-index
Tag C .pC , Tag A A, A Tag C
,pD , Tag A An  Anm Tag C 3@ pC
pD 3(c) pC  pD
3(e) 1(b) Tag A Tag C
: Teg , 4
F-Index.
2. F-Index .
3. IIA/B, pC Tag A 1l-index ,
Tag B
4. /IAlIB, pD Tag A  l-index
) ) Tag B .
5. Twig//A[//B]/IC, AB AC pD , ,
AncestorNode, Tag A , ,
Tag B C , Tag B cC A
/IA[/B]/IC /IA[/IB]/C Twig. Tag A ,F-Index
, . 5 3 4 , A ,
IIAIIB  [IAlIC .
6. Twig, /IA[/IB]IC[/ID]/E, Tag A
Tag C , Tag BD E , C,
D E A
6 5 , ,
2: 5 3 F-Index .
Qu, C D , C D AD pD , pD
, , C,D,,C,Do.
Qo CD pD , CE pC ,
AncestorNode , ; , AncestorNode
; : 4 Q2 CiD4E;.
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o [ICHATA TR
pD—» A |1 | N
Ag [PC—P1 A B [ PIC—P A B | N
pD—» B | 2 |pD— B | 1| N
AC ﬁ_» A | C; | pC —» A | C | N
pD —» Ci |2 |pD—PCi| 1| N
AD L A|-1| N\ A |-1| N\
pD—» D, | 2 [pD— D, | 1 | N\
AE L A1 N A -1 N
pD—»{E, | 1 [pD—P{E, | 1| A
cD |pPC—» C, | Dy [pC—{C, | D, | N
pD— D;| 1 |pD— D, | 1 | N\
CE £_> Ci|E| N
pD—P E. | 1| N

Fig.4 Structure of F-Index

4  F-Index
Qs , 4
F-Index :
D .F-Index ,
2 . 3
,F-Index
F-Index ,F-Index
3.2 F-Index
Tag
,F-Index
’ ’ r-]Tag ’
Mindex ‘nTag Tag
4 F-Index
1 A,
) A A .
3 5(C) Q3 ’ A C:
A B,C,D,E, A C PC A
C.

41

1. Filter Data(indexInfo).
1: curBranchNode=filterInfo.GetFirst();
2: while (curBranchNode)
3 ToTagList=curBranchNode.GetToTagList();

103

,F-Index

1433

Fig.5 Query examples
5

Tag
O( Nindex nTag) ’

Tag

B,D,E AD A B



1434 Journal of Software Vol.18, No.6, June 2007

while (not bFilterEnd)
if (FindMatchedSeq())
RecordM atchedSeq(cur BranchNode);
AdvanceAllPointer(ToTagList);
else

© 0o N 2 g A

break;

10: curBranchNode=filter|nfo.GetNext();
11: RecordFilterResult(FilteredResult);

12: return FilteredResult;

Procedure FindM atchedSeq()

1: while (all pointersin ToTagList are not equal)
2:  pCur=FindMinPointer(ToTagL.ist)

3:  AdvancePointer(pCur);

4: if (pCur=null)

5: return false;

6: return true;

Procedure Recor dM atchSeq(cur Node)

1: childNode=curNode.FirstChild();

2: while (childNode)

3:  Q=curNode.GetChildNodeValue();

4:  Py=childNode.GetNodeValue();
5. while(Qi=P)
6: NodeList=Node(P;).GetRecordedL ist();
7: MergeNodeL ist(curNode,NodeList);
8: P,=childNode.GetNextNodeValue();
9:  childNode=curNode.NextChild().
filterinfo . 1 [filterInfo.GetFirst() 1 ,
Qs cC. 249 curBranchNode, 3  curBranchNode.GetToTagList()
, ToTagList  .FilterEnd() ,
,FindM atchedSeq() ,RecordM atchedSeq(cur BranchNode)
, . 10 filterInfo.GetNext() , ,
, 1 , 12 .
FindM atchedSeq() , ToTagList AncestorNode
, 2 . , false. ToTagList
) true, .
RecordM atchSeq(cur Node) , 1 curNode.FirstChild() curNode 1
, 3 curNode.GetChildNodeValue() Qi
P , 4 childNode.GetNodeVal ue() P, Qi=P;, 6
Node(P;).GetRecordedList() 7 MergeNodeL ist(curNode,NodeL.ist) . 8
curNode.NextChild() .
1. 1 , PC AD
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4: 5(c) Qs F-Index
Qs , )
A C. , ) C, A.
D C: CD CE , AD PC pC pD ,
. 4, C,D;E;.
2 A: AB,AD,AE 3 pDb , AC pC A4 ,
AncestorNode , S AB.Co AL
Tag C C2, C C2, 4 ; 2
ABCyAr Tag C Cy, )
AB,C,D;E;.
4.2
, ,F-Index
O(n), n
5
, (start,end,level) ,
start . q Cq 6 .Cq q
_ ’ “C o Cq Cq
\ Advance(Cy) ; , Cq.start,Cq.end Cy,.level ,
' 1
/@\ Sorted element sai iy, |
CQZ
| sorted element setafa | \A( Sorted elementsiaiiay; |
Fig.6 Cursors during execution
6
2. (solution). q . q , q
1 a v Cq
2 q ., q C,start <C, . start AC,.end >C,.end . g q
2. S a2, On} Q Q O, q1 .
CQ1CE12 '"C% Q
, 2 AD
) 1 ) PC )
, PC AD
5.1
2 1 FindSolution() , true, 2
RecordM atchedResult() .FindSolution() q , q
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C,a 4 ) Cq , FindSolution o]
q Gy AD , true, false.
RecordM atchedResult() (start,end)
2. CHTwigQuery(root).
1: while (FindSolution(root))
2:  RecordMatchedResult();
Procedure FindSolution(q)
1: for q; in children(qg) do
2. while(C, isnotadescendant of C,)
while (C, .start<Cg.start)
Advance(C, );
if (end(a)
return false;
while (C, .start> Cq.end)
Advance(C);
if (end(ap))
10: return false;
11: if (FindSolution(q;))
12: return false;

13: return true.

3 F-Index , , 1 ,
) ) 3
, 4
3. FilterQuery(root).
1: FilteredResult=FilterData(indexI nfo);
2: for each Seq in FilteredResult;
3:  AppendSeqToQuery(Seq);
4:  CHTwigQuery(root);
Procedure Recor dM atchedResult (q)
1: for each g; in children(q) do
2: while('end(q) & C, .end<Cq.end)
3 if (RecordMatchedResult(q;))
4: AddResultToParent(q;,q);
5 Advance(q;).
5: /IA/ICID .
, 1-index A;C:D1,A;C,D,  A,CiDy,
7 . A;C:D;, 2 1 3 CaCc.Cp a ,C, dy
, 2 a;cd;  a;Cds. a
A1C2D,,3 CaCc,Cp ) a1,Cs s,
, 2;1C403. A,C:D4,3 Ca,Cc,Cp a,_,C, dj, 2 2

) aCod;  @Cydy.
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A au au a _63
i & Cs c, G C G
d d, d d d

Fig.7 The elements after filtering

7
5.2
TwigStack 2 , () ,
omn?), ,m N (2
, . [21] ,
y ’ O(ki ndex/n) ’ :ki ndex n
CHTwigQuery , O(n/m), n
CHTwigQuery m (start,end)
6 *
F-Index , , (start,end,level ,parentSart),
JparentSart start parentSart
7( )- Q *, Q * Q:
(1) Q=A/*/B Q'=Al//B, Ca.level+2=Cg.level.
(2) Q=A/I*IIB Q=Al*/IB  Q=All*IB Q'=A/lB, Ca.level+2<Cg.level.
(3) Q=A/*[/B]/IC Q'=A[//BJ]/IC,
Ca.level+2=Cg.level ACa.level +2=C¢.level ACg.parentSart=Cc.parentSart.
(4) Q=A/I*[/B]IC Q'=A[//B]/IC,
Ca.level+2<Cg.level AC,.level +2<Cc.level ACg.parentSart=Cc.parentSart.
5)Q AB n * Ca.level+n+1<Cg.level.
(6)Q twig * n : 3 @.
6 * . 6 ) ,
[23] * , ,
* twig
6: /IA[*[/B]/C]/D /IA[/IB][/IC]/D,
(Ca.level +2=Cg.level)ACx.level +2=Cc.level )A(Cg.parentSart=Cc.parentart).
7
7.1
P4 2.8GHz,1G RAM,80G PC , Windows XP.
VC++6.0 TwigStack!™  iTwigStack®?  SegSF??
XMark®!  TreeBank!?4, F-Index 1-index
7.2
XMark QX1~QX8, Treebank QT1~QT4, 2.
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Table2 Queriesused in the experiment
2
Query No. XPath expression Query No. XPath expression
QX1 /site/regiong/africalitem/description/parlist/listitem/text/keyword QX7 [Nistitem[//bold]/text//emph
/site/closed_auctions/closed_auction[annotation/ -
QX2 Geseription[parlist/listitemitext[keyword[bold]]]}/price QX8 /llistitem[//bold]/text]//emph]/keyword
QX3  /site/closed_auctions//emph QT1  //SIIADJP[//MD]
QX4  /site/people/person[//age]//education QT2  /IS[/AJINP
QX5  //site/people/person/name QT3  //SIVP/IPP[/NP/VBN]/IN
QX6  /itext[/bold]/emph/keyword QT4 /ISIVPI/PP//NPIVBN]/IN
F-Index , 5 F-Index
F-Index ; F-Index ; F-Index ;
F-Index ; F-Index
7.3
7.3.1 F-Index
3 F-Index 1-index XMark ,F-Index
1l-index 2.2 ;Treebank JF-Index  1-index 2.5
’ ’ O( Nindex: nTag)
Table3 Size of F-Index and 1-index
3 F-Index  1-index
. Treebank
Dataset (size) XMark (IM)  XMark (12M) XMark (35M) XMark (57) XMark (93M) XMark (116M) (84M)
Elements 17 132 167 865 501 498 832911 1337383 1666 315 2 437 666
1-index nodes 421 502 514 514 514 514 338 748
F-Index nodes 1039 1118 1130 1130 1130 1130 846 228
F-Index nodes/1-index 25 22 2.2 2.2 22 2.2 25
nodes
7.3.2 F-Index
(1)
8(a) 8(b) , F-Index , , QX1, 322630 2 632.
) , , Treebank
1/6~1/3. XMark , , QX4
,SegSJ , F&B ,
OF-Index B i TwigStackESegSJ OPre-Filtering OF-Index ® i TwigStackESegSJ OPre-Filtering
1000000 100000000;
10000 1000000
10000
100 100
1 1
QX1 QX2 QX3 QX4 QX5QX6 QX7 QX8 QT1 QT2 QT3 QT4
(a) XMark (b) Treebank
Fig.8 Comparison of elements number
8
2
9(a) 9(b) ,F-Index , QX1 QX2 iTwigStack,
QX1 PC-path, 1 , ,QX2  PC-twig
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1 , .SegSJ F&B , ,
1-index , FB , Treebank iTwigStack.i TwigStack
Treebank , Treebank  1-index ,
OF-Index B TwigStack 0SegSJ OF-Index B TwigStack 0SegSJ
1000000 100000000
10000 1000000
10000
100 100
1 1
QX1 QX2 QX3 QX4 QX5QX6 QX7 QX8 QT1 QT2 QT3 QT4
(a) XMark (b) Treebank
Fig.9 Comparison of processed index nodes number
9
©)
10(a) 10(b) , XMark , ,
F-Index, ; Treebank , . Treebank ,
QT4, 465ms, , . iTwigStack
XMark QX2, 141ms, Treebank QT4, 40 968ms. SegSJ
, F&B , 1-index
, Treebank , F&B ,
OF-Index B i TwigStack1SegSJ OF-Index®iTwigS  OSegSJ
1000000¢ 100000000
10000k 1000000
; 10000
100 H 100
17 | | I | l
QX1 QX2 QX3 QX4 QX5QX6 QX7 QX8 QT1 QT2 QT3 QT4
(a) XMark (b) Treebank
Fig.10 Comparison of filtering time
10
7.3.3 F-Index
11(a) 11(b) ,F-Index iTwigStack  SegSJ, SegSJ
TwigStack , iTwigStack TwigStack , 5.2
OF-Index B i TwigStack 0SegSJ OF-Index B i TwigStack 0SegSJ
1000000 100000000
10000 1000000
10000
100 100
1 1
QX1 QX2 QX3 QX4 QX5QX6 QX7 QX8 QT1 QT2 QT3 QT4
(8) XMark (b) Treebank
Fig.11 Comparison of running time after filtering
11
7.3.4 F-Index
12(a) 12(b) ,
F-Index , , F-Index
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3 )
OF-Index B TwigStack 0SegSIOTwigStack OF-Index B i TwigStack DSegSIOTwigStack
1000000 100000000
10000 1000000
10000
100 100
1 1
QX1 QX2 QX3 QX4 QX5QX6 QX7 QX8 QT1 QT2 QT3 QT4
(a) XMark (b) Treebank
Fig.12 Comparison of the running time of different query algorithms
12
7.35 F-Index
13 (PC-twig,AD-twig) F-Index
, F-Index , 3
—&—F-Index —8—iTwigStack —A—SegSJ TwigStack ~—@—F-Index —8—iTwigStack —A—SegSJ TwigStack
1000000 A 1000000¢ oy
lOOOOg 10000¢
100, 100 '/‘/’—_—‘—’4—_‘
1L o= w s s s i , ‘ ‘ , ‘
M 12M  35M  57M  93M  116M M 12M  35M  57M  93M  116M
(a) QX6 (b) QX7
Fig.13 Comparison of the scalahility of different query algorithm
13
7.3.6
, . ) TwigStack
, , ,F-Index ,
iTwigStack  SegSJ
,  F-Index ,
8
, XML
, F-Index,
) ) ,F-Index
, F-Index
References:

[1] McHugh J, Widom J. Query optimization for XML. In: Malcolm PA, Maria EO, Patrick V, Stanley BZ, Michael LB, eds. Proc. of
the 25th Int’l Conf. on Very Large Data Bases (VLDB). Edinburgh: Morgan Kaufmann Publishers, 1999. 315-326.

110


http://www.informatik.uni-trier.de/~ley/db/publishers/mkp.html

[2

(3l

4

(9l

[6]

[

[8l

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

:F-Index: Twig 1441

Michael J, Franklin MJ. Efficient filtering of XML documents for selective dissemination of information. In: Amr EA, Michael LB,
Sharma C, Umeshwar D, Nabil K, Gunter S, Kyu YW, eds. Proc. of the 26th Int'l Conf. on Very Large Data Bases (VLDB). Cairo:
Morgan Kaufmann Publishers, 2000. 53-64.

Gottlob G, Koch C, Pichler R. Efficient algorithms for processing XPath queries. In: Stéphane B, Akmal BC, Mong LL, Jeffrey XY,
Zoé L, eds. Proc. of the 28th Int'l Conf. on Very Large Data Bases (VLDB). Hong Kong: Morgan Kaufmann Publishers, 2002.
95-106.

Halvreson A, Burger J, Galanis L, Kini A, Krishnamurthy R, Rao AN, Tian F, Viglas SD, Wang Y, Naughton JF, DeWitt DJ.
Mixed mode XML query processing. In: Johann CF, Peter CL, Serge A, Michael JC, Patricia GS, Andreas H, eds. Proc. of the 29th
Int'l Conf. on Very Large Data Bases (VLDB). Berlin: Morgan Kaufmann Publishers, 2003. 225-236.

Lu SC, Meng XF, Lin C, Wang Y. Navigation implementation for XQuery in OrientX. Journal of Computer Research and
Development, 2004,41(10):1815-1822 (in Chinese with English abstract).

Zhang C, Naughton J, DeWitt D, Luo Q, Lohman G. On supporting containment queriesin relational database management systems.
In: Aref WG, ed. Proc. of the ACM SIGMOD Int’'l Conf. on Management of Data (SIGMOD). ACM, 2001. 425-436.

Li Q, Moon B. Indexing and querying XML data for regular path expressions. In: Peter MGA, Paolo A, Stefano C, Stefano P,
Kotagiri R, Richard TS, eds. Proc. of the 27th Int’| Conf. on Very Large Data Bases (VLDB). Rome: Morgan Kaufmann Publishers,
2001. 361-370.

Al-Khalifa S, Jagadish HV, Koudas N, Patel JM, Srivastava D, Wu Y. Structural joins: A primitive for efficient XML query pattern
matching. In: Agrawal R, Dittrich K, Ngu AHH, eds. Proc. of the 18th Int’| Conf. on Data Engineering (ICDE). San Jose: |EEE
Computer Society, 2002. 141-152.

Chien SY, Vagena Z, Zhang D, Tsotras VJ, Zaniolo C. Efficient structural joins on indexed XML documents. In: Stéphane B,
Akmal BC, Mong LL, Jeffrey XY, Zoé L, eds. Proc. of the 28th Int'l Conf. on Very Large Data Bases (VLDB). Hong Kong:
Morgan Kaufmann Publishers, 2002. 263-274.

Jiang H, Lu H, Wang W, Ooi BC. XR-Tree: Indexing XML data for efficient structura joins. In: Umeshwar D, Krithi R,
Vijayaraman TM, eds. Proc. of the 19th Int’l Conf. on Data Engineering (ICDE). Bangalore: IEEE Computer Society, 2003.
253-264.

Lam F, Shui WM, Fisher DK, Wong RK. Skipping strategies for efficient structura joins. In: Yoonjoon L, Jianzhong L, Kyuyoung
W, Doheon L, eds. Proc. of the Database Systems for Advances Applications (DASFAA). Jeju Island: Springer-Verlag, 2004.
196-207.

Wang J, Meng XF, Wang S. Structural join of XML based on range partitioning. Journal of Software, 2004,15(5):720-729 (in
Chinese with English abstract). http://www.jos.org.cn/1000-9825/15/720.htm

Wang J, Meng XF, Wang Y, Wang S. Target node aimed path expression processing for XML data. Journal of Software,
2005,16(5):827-837 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/16/827.htm

Bruno N, Koudas N, Srivastava D. Holistic twig joins: Optimal XML pattern matching. In: Michael JF, Bongki M, Anastassia A,
eds. Proc. of the 2002 ACM SIGMOD Int’| Conf. on Management of Data (SIGMOD). Madison: ACM, 2002. 310-321.

Jiang HF, Wang W, Lu H, Yu JX. Holistic twig joins on indexed XML documents. In: Johann CF, Peter CL, Serge A, Michael JC,
Patricia GS, Andreas H, eds. Proc. of the 29th Int’| Conf. on Very Large Data Bases (VLDB). Berlin: Morgan Kaufmann Publishers,
2003. 273-284.

Moro MM, Vagena Z, Tsotras VJ. Tree-Pattern queries on a lightweight XML processor. In: Klemens B, Christian SJ, Laura MH,
Martin LK, Per-Ake L, Beng CO, eds. Proc. of the 31st Int'| Conf. on Very Large Data Bases (VLDB). Trondheim: ACM, 2005.
205-216.

Goldman R, Widom J. DataGuides: Enabling query formulation and optimization in semistructured databases. In: Matthias J,
Michael JC, Klaus RD, Frederick HL, Pericles L, Manfred AJ, eds. Proc. of 23rd Int’l Conf. on Very Large Data Bases (VLDB).
Athens: Morgan Kaufmann Publishers, 1997. 436-445.

Milo T, Suciu D. Index structures for path expressions. In: Catriel B, Peter B, eds. Proc. of the Int’l Conf. on Database Theory
(ICDT). Jerusalem: Springer-Verlag, 1999. 277-295.

111


http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/d/Dayal:Umeshwar.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/r/Ramamritham:Krithi.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/v/Vijayaraman:T=_M=.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/l/Lee:Yoon=Joon.html

1442 Journal of Software Vol.18, No.6, June 2007

[19]

[20]

[21]

[22]

[23]

[24]

(5]

[12]
[13]

Kaushik R, Bohannon P, Naughton JF, Korth HF. Covering indexes for branching path queries. In: Michael JF, Bongki M,
Anastassia A, eds. Proc. of the 2002 ACM SIGMOD Int'l Conf. on Management of Data. Madison: ACM (SIGMOD), 2002.
133-144.

Barta A, Consenc MP, Mendelzon AO. Benefits of path summariesin an XML query optimizer supporting multiple access methods.
In: Klemens B, Christian SJ, Laura MH, Martin LK, Per-Ake L, Beng CO, eds. Proc. of the 31st Int’| Conf. on Very Large Data
Bases (VLDB). Trondheim: ACM, 2005. 133-144.

Chen T, Lu JH, Ling TW. On boosting holism in XML twig pattern matching using structural indexing techniques. In: Fatma O, ed.
Proc. of the ACM SIGMOD Int’'l Conf. on Management of Data (SIGMOD). Baltimore: ACM, 2005. 455-466.

Wang W, Wang HZ, Lu HJ, Jiang HF, Lin XM, Li JZ. Efficient processing of XML path queries using the disk-based F&B index.
In: Klemens B, Christian SJ, Laura MH, Martin LK, Per-Ake L, Beng CO, eds. Proc. of the 31st Int’'| Conf. on Very Large Data
Bases (VLDB). Trondheim: ACM, 2005. 145-156.

Hou S, Jacobsen HA. Predicate-Based filtering of XPath expressions. In: Ling L, Andreas R, Kyuyoung W, Jianjun Z, eds. Proc. of
the 22nd Int’l Conf. on Data Engineering (ICDE). Atlanta: IEEE Computer Society, 2006. 53-64.

Miklau G. XML Data repository. 2002. http://www.cs.washington.edu/research/xml datasets

, , , .OrientX XQuery . ,2004,41(10):1815-1822.
, , . XML . ,2004,15(5):720-729. http://www.jos.org.cn/1000-9825/15/720.htm

, , , . XML . ,2005,16(5):827-837. http://www.jos.org.cn/
1000-9825/16/827.htm
(977 ), , , (1981 ), , ,
, XML . XML

(1964 ), . .,
CCF ) Web
XML ,

(1984 ), ,
XML

112


http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/l/Liu:Ling.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/r/Reuter:Andreas.html
http://www.informatik.uni-trier.de/~ley/db/indices/a-tree/w/Whang:Kyu=Young.html



