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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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Tablel Comparison of different datasets' features
1
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(@) XML-Document (b) 1-Index
(a) XML (b) 1-Index
Fig.1 XML document and the corresponding 1-index structure
1 XML 1-index
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3.1 F-Index
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Tag B
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1. Filter Data(indexInfo).
1: curBranchNode=filterInfo.GetFirst();
2: while (curBranchNode)
3 ToTagList=curBranchNode.GetToTagList();
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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, CiD;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
D q . .
2 q ., q C,start <C, . start AC,.end >C,.end . g q
2. S a2, On} Q Q O, q1 .
CQ1CE12 '"C% Q
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5.1
2 1 FindSolution() , true, 2
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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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Fig.7 The elements after filtering

7
5.2
TwigStack 2 , () ,
o(mn?), ,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:
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(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 * Calevel +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
(@) 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
(@) 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
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