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( An Efficient Bitmaplnvert Index based on Relative Position Coordinate
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Abstract

Recently, a lot of index techniques for storing and queryving XML document have been studied so far and many
researches of them used coordinate-based methods. But update operation and query processing to express structural
relations among elements, attributes and texts make a large burden. In this paper; we propose an efficient BitmapInvert
index technique based on Relative Position Coordinate (RPC). RPC has good preformance even if there are frequent update
operations because it represents relationship among parent node and left, right sibling nodes. Bitmaplnvert index supports
text query with bitwise operations and does not casue serious performance degradations on update operations using
PostUpdate algorithm. Overall, the performance could be improved by reduction of the number of times for traversing

nodes.
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Document {docID, fileName, existFileBit, existPathBitmap}
ElementType (etID, etName, level}

ElementNode {docID, etID, enlD, parentlD, preOffset, postOffset}
Path {pathID, etID}

PathMap {docID, pathID, enlDs}

Attribute {docID), pathID, attrName, attrValue}

Text (docID, pathlD, textValue)

TextFile {termlD, termName, fileBitmap}

TextContent {docID, termiD, contentBitmap}
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node enlD parentID preOffset postOffset
p 1 - — —
G 2 1 -
Ca 3 1 2 4
C3 4 1 3 5
C4 5 1 4 6
Cs 6 1 5 —
1% 3. ElementNode Hlo|& of
Fig. 3. An example of ElementNode table.
node pathID docID enlD List
Ci 1 1 2,1
Co 2 1 3,1
Cs 3 1 4,1
Ca 4 1 5 1
Cs 5 1 6, 1
Ozl 4 ZAZAYX ot
Fig. 4. Assignment of pathlD values.
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[#A] 1] [&4] 2]

<xmll> <xmll>

<text>hello</text> <text] >world</text1>

</xmll> <text2>hello</text2>
</xmll>

a3 5 ofF XML EME

Fig. 5. Examples of XML document.
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Result of TextContent table from fig. 5
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- InsertBefore | InsertAfter ( ref, content )
1. Get ref_node’s information
(docID,enID,parentID,level,preOffset,postOffset,...)
2. Setg inserted node’s offset from ref_node
If InsertBefore operation then
content_nodepeostser=ref_nodepeorser && content_nodeyesiostser=ref_nodeenmn
If InsertAfter operation then
content_nodepeosser=ref_nodeenn && content_nodeposiortser=ref_nodepostotiset
3. Update left and right sibling nodes
ref_node~>left_nodeysiomser = content_nodeenn
ref_node->right_nodeyeoitset = content_nodeenm
Update ElementNode table.
4. Update Path, PathMap tables as follows
Creatge a new path value for inserted node
content_nodepnm = max(pathIDs) + 1
5. Update a Document table’s existPathBitmap field
Add a bit as 1
6. Update a TextFile, TextContent tables as follows
Extract terms of text value
Check appearance -of terms on TextFile table
If new terms is appeared, set bit value 0 to 1
Update contentBitmap table for appeared terms
For each appeared term, get bitmap length
Call PostUpdate(update, new terms)
Append a bit as 1 for each appeared term’s bitmap

g 90 delddM &= ElementNode 2[AE
Fig. 9. Result of ElementNode list after insert operation.
node pathID enlD docID enlD List
G 1 2 1 2,1
Co 2 3 1 3,1
Cs 3 4 1 41
Ca 4 5 1 5 1
Cs 5 6 1 6,1
Ce 6 7 1 7,1
T3 10 o AN T AEZ AEHXL
Fig. 10. Result of PathlD values after insert operation.
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= Remove ( ref, content )
1. Get ref_node’s information

(docID,enID,paretnld,preOffset, postOffset level,...)
2. Find sub nodes (including child, descendent)

If (ref_nodepann = subnodepmm) and

(ref_nodesever < subnodereve) then
Remove sub nodes in ElementNode, Path, PathMap tables

3. Remove ref_node from ElementNode table
4. Update Path, PathMap tables
5. Update a Document table’s existPathBitmap field

Set a bit value 1 to 0 on ref _node enlD’s order position
6. Call PostUpdate(Renewal)

Alol =2

ag 8. el det ejARE 23EF

Fig. 8. Pseudo algorithm of insertion operation.
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11. Pseudo alglorithm of deletion operation.
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» Update ( ref, content )

1. Get ref_node's information
(docID,enID,parentID,preOffset, postOffset, level text, ...)

2. Update a Document table’s existPathBitmap field
Set a bit value 1 to 0 on ref_node enlD’s order position
Append a bit value as 1

3. Change a ref_node’s information (like a intsertion a new node)
new enlD = max(enID) + 1
new Offsets, parentlD, B¢ values = original values

4. Process with insertion algorithm step 3

5. Call PostUpdate(Renewal)

12 A8 ddhks EF QAIRE Y02|F

12. Pseudo algorithm of update operation.
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= PostUpdate ( operation, data )
1. Check operation mode
2. If operation is Update then
// Run at insert, search time
If length(data’s bitmap) < (existPathBitmap - 1)
Set zero bits on insufficient bitmap
For other terms, do nothing immediately.
3. If operation is Renewal
// Run at idle time
Update a TextFile, TextContent tables as follows
Run AND operation with existPathBitmap and all terms bitmap

Update each terms bitmap with result

13. PostUpdate 2t112|&
13. Pseudo algorithm of PostUpdate.

=
Fig.

XML ZAME 28t A0 & =& J[#HQ Bitmaplnvert Index 7|

W02 PostUpdate & o] &

Ha 9
[BHEA: 4 1] [H45: &4 1]
<xml> <xml>
<text>hello</text> <text>hello</text>
</xml> <text3>welcome</text3>
</xml>
38 14 XML EAM2| #HZo| dojul= d2
Fio. 14. Update on sample XML document.
termiD termName fiIeBitmap
1 hello 11
3 welcome 10
a7 15, O 140l it Textrileoli A2l ool W&
Fig. 15. Update a TexiFile table from fig. 14.
termlD doclD contentBitmap
1 1 1
3 1 01

agl 16, 28 140l i3t TexiContentoll A2l E|0lE
Fig. 16. Update a TextContent fable from fig. 14.
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Query : movieftitle

SELECT
FROM

1._

enC.docID

ElementType etP, ElementNode enP, Path pP,
ElementType etC, ElementNode etC, Path pC
etP.etName = 'movie’ and etP.etID = enP.etID and
etC.etName = ’title’ and etC.eID = enC.etlD and
enP.docID = enC.docID and enP.enlD = enC.parentID

WHERE

5y w3 Aol

Direct containment query.

270wz} Heldh

AncestorNodepamm =DescendentNodepamm

K

AA 6. 2% 189 dej= ==t movieol
w7} titledl =E7} 413+ XML

oty 7HHETAL Y A$E FARE9 AsEwmsr)
e A2AEAS T YEAB Al 78 4
ATk
Query : movie/fitie
SELECT distinct (pmD.docID)
FROM FlementType etA, ElementNode enA, Path pA,
ElementType etD, ElementNode enD, Path pD,
PathMap pmA, PathMap pmD
WHERE etAetName = 'movie’ and etA.etlD = enAetlD and
etDetName = ‘title’ and etD.etlD = enD.etlD and
pmA.enlD = enAenlD and pmA.docID = enA.docID and
pmD.enID = enD.enlD and pmD.docID = enD.docID and
pmA.pathlD = pmD.pathID and pmA.docID = pmD.docID
a3 18 ZEEeEe
Fig. 18. Indirect containment query.
5.3 R EFA
SAXT A Aode =29 #AV AEFAAR
olol7 Aol SAXE Aok Fz HrE g3
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oAl 7. 1F 199 M= SHAxTA g AAE HolF

I gl xE9 ®MAE ko 2A ‘TOPGUN'o|&h= 3k

==X H 43 A Cl #

(41)

H1z 41
& A RE XML £45 A,
Query : /hitle="TOPGUN’
SELECT Path.docID
FROM ElementType et, ElementNode en,
Path p, PathMap pm, Text t
WHERE et.etName ="title’ and etetID = en.etlD and
en.etlD = pm.etlD and
pm.pathID = ppathID and pm.docID = p.docID
ttextValue = "TOPGUN' and
tpathID = p.pathID and t.docID = p.docID and
a8l 19, AR EEIe
Fig. 19. Complete containment query.
5.4 2439
23 A9 == Aold] A B 2 HEd
9% AE BHoE s A0S sk of Aol
dYHEE, $4E, 182 d2E & e AP
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2ol TNE 4 9
Distance (contentl, content2) < distanceValue
distanceValue=(Ascendentieve — Descendent]ievel) +
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Query : Distance (title’, 'studio’) < 5
SELECT  en2.docID
FROM ElementType etl, ElementNode enl,
ElementType et2, FlementNode en2
WHERE - etl.etName = 'title’ and etl.etID = enl.etlD and
et2.etName = 'studio’ and et2.etlD = en2.etlD and
enl.docID = enZ.docID
2= {
SELECT max (pm2.level}
FROM  ElementType etl, ElementNode enl, PathMap pml,
Elementtype et2, ElementNode en2, PathMap pm2,
WHERE etl.etName = ‘title’ and etl.etlD = enl.etID and
et2.etName = 'studio’ and et2.etlD = en2.etlD and
pmlenlD = enl.en]D and pml.docID = enl.docID and
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Query: Text ('phantom’ & ‘opera’)

1. Query on TextFile table

Select termlD, fileBitmap

From TextFile

Where termName = ‘phantom’ or termName = 'opera’
2. Get result from bitwise operation between step 1’'s bitmaps
3. Extract the docIDs on result bitmap
4. Query on TextContent table for each term

Select docID, contentBitmap

From TextContent

Where termID=termiDste1 and docIl) = docIDyen
5. Get result from bitwise operation between step 4's bitmaps
6. Extract the docID on result
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Fig. 21. Text retrieval.
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