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Abstract To achievethe goal, many index structures for XML data
have been proposed. Because these indexing structures use

For most index structures for XML data proposed so far, the absolute address to pinpoint where data resides, update
update is a problem because XML element’s coordinates arecauses a re-computation. We have to re-compute data coor-
expressed by absolute values. Due to the structural rela-dinates stored in the index if an update occurs and changes
tionship among elements in XML documents, we have tothe length of datain the source. If the update frequency is
re-compute these absolute values if the content of sourcéiigh, for example when XML is used for construction of
data is updated. The reconstruction requires update of large public home pages, the cost of reconstruction is unbearable.
portion of index files, which causes a serious problem es-  We investigate and discuss how to efficiently deal with
pecially when XML data content is frequently updated. In the update problem that is significant in the first phase of
this paper, we propose an indexing structure scheme basedlocument life cycle. We propose a method to represent the
on the Relative Region Coordinate that can effectively deal coordinate of content in XML documents, called Relative
with the update problem. The main idea is that we expressRegion Coordinate The idea is that we express the coor-
the coordinate of an XML element based on the region of its dinate of an XML element in relation to its parent element
parent element. We present an algorithm to construct a tree-coordinates. Using the Relative Region Coordinate to co-
structured index in which related coordinates are stored to- ordinate XML elements, we know only where the elements
gether. In consequence, our indexing scheme requires upstart and end inside the region of its parent elements. As
date of only a small portion of index file in case of updating. a tradeoff, we need to update only a portion of index file
in case of content updating. Further, we propose an ap-
proach to organize the XML data called Block Subtree that
effectively exploits the advantages of Relative Region Co-
ordinate method. Other alternatives of the method’simple-
mentation based on commercial database systems are also
briefly presented.

1. Introduction

XML (Extensive Markup Language) was adopted by
World Wide Web Consortium and is a simplified subset
of SGML that has been optimized for use on the World
Wide Web. XML aims at the rendition of data by alowing
users to describe the arbitrary structureof data using user-
defined vocabulary. Since its invention, the language soon
has proved its ahility to be the basis for data interchange
on the Internet. To exploit the power of XML, a database
system for XML documents should support queries on both
content and structure. That is it should keep structural in-
formation as well as content and relation between structure
and content.

*Thiswork is partially supported by the Ministry of Education, Culture,
Sports, Science and Technology, Japan under grants 11480088, 12680417
and 12208032, and by CREST of JST (Japan Science and Technology).

In this paper, XML document is presented as a rooted
tree with several node types such as Element, Attribute,
Text, etc. [10] [11], but our discussion does not base on
any specific type of node. We assign identification number
to the nodes of XML tree and for simplicity let's assume
that data updates occur in the leaves.

There are other works on storage of binary large data ob-
jects and structured data. In [1], [6] and [8] trees are used
to organize the physical distribution of data. Objects are
split at arbitrary byte positions to be stored in a sequence
of pieces and the structural information within objects is
not exploited. In [7], authors give a general schemato deal
with the content and structure queries. They present two
kinds of index: Position-based Indexingnd Path-based In-
dexing Position-based Indexingonsists of information of
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position of words and tagswithin XML documents. The po-
sition is mainly represented by the absolute address of the
word or tag. Path-based Indexingonsists of encoding of
al paths leading to each word. In[2], NATIX is presented
asaHybrid system that consists of aflat part with clustered
grouped of nodestreated as atomic records by thelower lev-
els using a dynamic threshold that can be adjusted. In[13],
authors have proposed an indexing structure based on the
Namespaces. Information of each namespace element such
as the path and the position of element are recorded.

Our paper features a specific mechanism to deal with
content update problem that is not adequately addressed in
these works. The outline of this paper is as follows. In
Section 2 we review the Absolute Region Coordinate. We
present the Relative Region Coordinate in Section 3. In Sec-
tion 4 we discuss the effectiveness of Relative Region Coor-
dinate in update problem. In Section 5 we propose an index
structure called Block Subtreesuitable to Relation Region
Coordinate. We briefly outline the application of Relative
Region Coordinatein XML indices using Object-Relational
Database in Section 6. We conclude this paper in Section 7.

2. Absolute Region Coordinate

Using region coordinate is a way to locate the content
datain structured documents. Usually, we can find the con-
tent of an element in an XML document based on a pair of
numbers, which point to the start and the end of the piece of
text corresponding to the element. In case there are many
XML documents, another number may be added to the pair
to indicate which document the element belongs to. This
approach uses absolute coordinate to locate elements so it
is caled Absolute Region Coordinat&RC).

For simplicity, we consider a collection of XML docu-
ments abig XML documenaénd we will omit the document

number in the rest of the paper. ARC is convenient for re-
trieving the result of query because if we know the coor-
dinates of the result elements we can directly access to the
place where the elementsreside.

Example 1. In Figure 1, the ARC of the document’s ele-
mentsdocument, report, paper, author (of report), date,
title, author (of paper), source are: [1,202], [11,84],
[85,191], [19, 49], [50,75], [92,126], [127,152], and
[153,183] respectively.

Despite of the convenience, ARC has its disadvantage.
When an update occurring in aleaf node causes data length
of the node to be changed, absol ute coordinates of the cor-
responding element and of al of its successive elementsin
the source data file must be changed too. In consequence,
we usually have to compute again coordinates of many ele-
ments.

Example 2. Suppose that we represent coordinate of el-
ements by ARC as in Example 1, and we want to change
the content of the elemeatithor of report from "Video
database” to "Heijo Video database”. We have to change
the region coordinates of all 8 elementiocument, report,
paper, author, date, title, author (of paper),source and
their coordinates become: [1,208], [11,90], [91,197], [25,
55], [56,81], [98,132], [133,158], and [159,189] respec-
tively.

In the next section we will present another method to
express region coordinate of XML elements, called Rela-
tive Region CoordinateUsing this method, with the same
situation of the above example, we need to change region
coordinates of only 5 elements.



3. Relative Region Coordinate

We present here Relative Region CoordinatéRRC)
method, which is better than ARC in dealing with update
problem. We aim at reducing the amount of disk 1/0O needed
to update coordinate of data in index file when the source
datais updated.

3.1. RRC description

To define RRC, we consider an XML tree T rooted at r.
Denote n anode of thetree and ny, n,,..n, are n’s children.

Definition 1. (Relative Region Coordinate) Relative Re-
gion Coordinate (RRC) of the node n of an XML tree is a
pair of numbers [g, ¢,], where ¢ (respectively ) is the
number of bytes from the starting byte of the parent node
of n to the starting byte (respectively, the end byte) of;n. ¢
and ¢, are called the first and the second coordinate of n

In other words, RRC presents the location of anode rel-
atively within the space of its parent. It is different from
ARC, which represents the location of a node by distance
to the start of the XML document, or within the space
of the root node. If we compute the RRC of n's chil-
dren, we have a series of pairs of numbers such as [a,,a,],
[a+1,3s], - [a+la 4] (g <@ < -+ <@ q). Thefirst
coordinate of the first child of a parent is not necessary to
be equal to 1 because of the start tag of its parent.

Example 3. The RRC of the document’s elemedtgu-

ment, report, paper, author (of report), date, title, au-

thor (of paper),sourcein Figure 1 are: [1,202], [11,84],
[85,191], [9, 39], [40,65], [8,42], [43,68], and [69,99], re-
spectively.

From ARC we can easily compute the RRC of XML el-
ements. In the other hand, ARC of a node can be com-
puted if the RRC of all the nodes on the path leading from
the root of XML tree to the considered node are avail-
able. Assume that we have to compute the ARC of the
node n, the node path of n is P=n,,n,,---,n,=n and RRC
of node n is [g, b] where i=1,2,.k then ARC of n is

[y1a —(k—1),5Fa+b —(k-1)].

3.2. RRC with update problem

We call the nodes whose RRC have to be updated when
the content of aleaf node n is changed RRC-updated nodes
of the node n. ARC-updated nodes of a node are defined
similarly. Suppose that we have to update an XML ele-
ment corresponding the node n inthe XML tree T. Denote
P =r,n;,n,,...n =nthe path from theroot r of T to n.

Definition 2. (Depth of a node) The depth of the node n is

defined to be the distance between the root and n. The node
depth of the root is 0. In any tree, the path between two
nodes are unique, therefore the depth of a node is defined
uniquely. Two nodes are called being in the same level if
their node depths are equal.

We will investigate the number of RRC-updated nodes
of n. We have the following observation about the distribu-
tion of the RRC-updated nodes.

Observation 1. In case we change the length of data in the
node n with the node pafh :

¢ In the same level with node (i=1,2,..,k), besides;n
only the right siblings of thave their RRC be changed.

e Total number of RRC-updated for n is the sum of the
numbers of RRC-updated nodes for n in each level.

This observation isimportant because it hints at the way
to group the information about coordinates of the XML
nodes into disk blocks. We will store the nodes whose co-
ordinates are likely to be changed at the same time into the
same disk block. The idea will be realized later in Sec-
tion5.4.

Example 4. We consider again the XML document in Fig-
ure 1. If we represent coordinate of nodes using RRC and
we want to change the content of the elemauthor of
report from “Video database” to “Heijo Video database”
then we have to change the region coordinates of only 5 el-
ements:document, report, paper, author, anddate and
their coordinates become [1,208], [11,90], [91,197], [19,
55], [56,81] respectively.

4. Theoretical evaluation of RRC effectiveness

In this section we will evaluate the effectiveness of RRC
method. The criterion isthe number of RRC-updated nodes.
When comparing the methods ARC and RRC, we can not
use the measure of disk 1/0 because it depends on the phys-
ical structure of the index file. However, we may follow the
useful heuristic that a method with the smaller number of
updated nodesislikely to be better. Thejustification for this
heuristics is that the smaller number of updates, the fewer
disk I/O needed to read and write them.

To have a naive comparison between ARC and RRC, we
decide to choose a context when the XML tree T is bal-
anced and all the nodes of the depth j have Sj11 children,
where j=0,1,..,k-1. For each ARC and RRC we will count
the total numbers of ARC-updated and RRC-updated nodes
respectively when data in each leaf node of T is changed
once.

Numerate the children of each parent from right to left
starting at 1. Given aleaf node n, assume the node path of n



isP =r,ny,n,, --,n.=nso the node n shall bein correspon-
dence with a sequence (1, iy, iy,..,i), where ij is the order
of n; (j=1,2,..,k) among its siblings counting from right to
left. The participation of number 1 in the sequenceisdueto
every node path starts from the root node and it is unique.

Denote RUpd(n) the number of RRC-updated nodes of
n, RUpd(T) the total number of RRC-updated nodes of all
leaf nodesof T.

Proposition 1. RUpd(n) = 1 +iy +i, +.+i, = 3% ji; +1

Proof. Travel from the node n upward to the root r. From
Observation 1 we conclude that among the siblings of n_,
there are i i nodes including n; and its right siblings, that
belong to RRC-updated nodes of n. O

Proposition 2. RUpd(T) =3 [1*_15;(3%_1 5, + k+2) (1)

Proof. From Proposition 1 we know the total num-
ber of RRC-updated nodes of al leaf nodes of T is
Y Leaves sk¥ —11j +1).  We can decompose the value
; . k

into 2 components: A = 3| caves sel = [1j-1S; and B =
Y Leaves se¥ —11j- Consider the sum B, it is a matrix with
k rows. Every value ranging from 1 to s appears in the
i-th row totally 1,23 x {_i,15j or [1{_1S; / § times.
Therefore, all the elements corresponding to i-th row have
sub-sum equal to [1%;5;(1+2+..+5) = 3 [15_1 (S +1).
?un;upfor il,(wehaveB: 3MCas(3h1s +k) orA+B=
3 17=18;(2j=18 +k+2).0

Now we are going to count ARC-updated nodes. Denote
AUpd(n) the number of ARC-updated nodes of n, AUpd(T)
the total number of ARC-updated nodes of all leaf nodes of
T. For agiven leaf node u denote Ord(u) the order of uin
the sequence of leaves starting from right to left in the set of
al leaves. Because coordinates are expressed in ARC, any
length-update in aleaf will result in update of coordinate of
not only its parent but also of all the leaves standing behind
it. Hence we have the following observation:

Observation 2. In an XML tree, if n is a leaf node then

AUpd(n) is equal to the sum of AUpdi@@and Ord(n), where
v is the parent of n

We denote P the value of AUpd() of the tree constructed
from T by removing all nodes having their node paths

longer than j. Itisclear that P, is AUpd(T).
Proposition 3. B = 3 [15_15;(Sf-1 M1 S, +k+2)
Proof. Each leaf node of P, _, isthe parent node of s, chil-
dren leaves of the P, and totally there are |'|'J-‘=lsj leavesin
P,. From Observation 2, we have:
Re=shcat %(nlj(:lsj +1) ﬂlj(:lsj

Similarly applying the formula for P,_, and so on, we

have:

P =SSPz TS (MCTs + DMz + 3(Moe s+ DM

Re=8S8C 1P 2+ 3(MCis + D Mes + 3 (NS + DS,

Pe= 18P+ 3 Moasi (s s + HT;%Sj . +5+K) (2
Taking into account that P, = 1, we have:

Pe= 3 M1 (Smea ML +k+2) O

Comparing (1) and (2), we have the update effectiveness
ratio of RRC to ARC is:

St Mg s +k+2
SK s +k+2

Thisratio is atheoretical evaluation of the effectiveness
of RRC. In practice, thisration is much greater than 1 when
most of s are equal to or greater than 2.

5. XML indexing structure with RRC

In this section we discuss a data structure that is suitable
to store XML elements expressed in RRC.

5.1. Overall structure

Consider B-tree that is widely used in RDBMS. In this
data structure, pointers to data address are stored in nodes
of abalanced tree. To access a specific node, we travel from
the root of the tree, following the appropriate pointers until
we reach the destination. It takes one disk 1/0 to access a
child node if we know its parent.

We apply the grid approach for XML tree by building
such agrid over an XML treein order to accessto informa-
tion of nodes. The data structure relies on the following
observationillustrated in Figure 2, which is concluded from
Observation 1:

Observation 3. (Continuos segmentation) For a given

leaf node n, RRC-updated nodes for n are distributed in sev-

eral segments, each of them contains only sibling nodes.

The idea to use data structure similar to B-tree to man-
age structural information of XML data has been appliedin
other works such as[2]. Our method is based on the same
idea but has another approach to construct the grid to make
it specific to RRC so it can exploits the RRC advantagesin
the update problem.

5.2. Block Subtree description

Based on Observation 3, we desire to store a node to-
gether with its neighbors, including its right siblings in or-
der to reduce the number of disk I/O necessary to perform
updates. Given an XML tree, we will divide the node set
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into groups such as each of them fitsinto adisk block. Each
of these groupsisaBlock Subtree, denoted by bst. Thesize
of bst depends on the size of a disk block. In generd, sib-
ling nodes can be grouped in adisk block. If the number of
siblingsislarger, several disk blocks may be needed.

For further specification, we denote b the maximum
number such that the information of b nodes together with
6b bytes can be stored in a single disk block. The reason
why we include extra 6b bytes will be explained later in
Section 5.4. The information of a node includes the RRC
of its corresponding element and a pointer to link related
blocks. Normally, adisk block consists of 8K bytes so b>>
1. Also, given atree T, we denote nodes(T) the number of
nodesinT.

Definition 3. (Cover subtree) Given a leaf node n of an

XML tree T, a cover subtree denoted ¢ for n is an in-
duced subtree of T, that contains the node n.

We notice that for any leaf node n the root of any of its
cst belongs to the node path leading from the root of T to n.
If C, and C, are two csts of anode n, and the root of C,
is ancestor of the root of C, then C, covers C,. Based on
this property, we have the next definition:

Definition 4. (Block Subtree) Given a leaf node n of an
XML tree T and an integer:al, the Block Subtree of a

nodes for n, denoted Hyst(a,n), is the maximatst for n,

whose number of nodes doesn't exceed a. If the subtree
consists only of n then we say that we can not create the

bst(a,n).

Creation of bst(an) is quite straightforward, as ex-
plained in Figure 3. Starting from the leaf node n we travel
upward to the root and remember the last visited node. At
each encountered node, check if the number of nodesin the
subtree rooted at that node is less than a. If yes then go

Input: An XML tree T, agiven nodenof T, and anumber a >1
Output: The bst(an)
Function: CreateBst(T, a, n)

for (cin the node path from n to the root of T)
if (nodes(cst rooted at ) < a OR cisn) then
lastnode=c;
¢ := parent of c;
else break endif;
endfor;

if (nodes(cst rooted at ) = a) then
Return the cst rooted at ¢
endif;
if (nodes(cst rooted at c) > a) then
if (lastnodeis NOT n) then
Return the cst rooted at lastnode
else
if node n’s parent has no grandchild then
Perform duplication operation (*)
Return the bst(a,n)
elsereturn null bst endif;
endif;
endif.

Figure 3. Construction of a bstfor a given leaf
node

further. If the number equals to a then output the current
subtree. If the number exceeds a then output the subtree
rooted at the last visited node.

We briefly explain the step (*) of the algorithm in Figure
3, when we can not build a bst because the number of chil-
dren of anode exceeds a. We divide the set of children into
groups of a-1 children starting from the right most child, the
last group may consists of lessthan a-1 children. Duplicate
the parent nodein order to provide each of these groupswith
aparent node copy. The“duplicated parents’ have the same
ID asthe ID of the original parent. Each group of children
and their parent create a bst and these bsts are called direct
siblings The bst whose children set includes n is bst(a,n).
The duplication does not violate Observation 1 and the set
of RRC-updated nodes for a given node in fact remains un-
changed.

5.3. Algorithm for BST-grid construction

The task is to divide the input XML tree into appropri-
ate bsts. The agorithm, as shown in Figure 5, consists of
phases and each phase consists of steps. Each step isacon-
struction of a bst using the algorithm in Figure 3. A phase
finishes when we can not create anew bst for any unmarked
leaf node of the current tree. After a phase finished, al the
nodes participating in created bsts, except the roots, are re-
moved from the current tree and a new phase begins.
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Figure 4. Construction of aBST-grid,a=6

Because the structure of XML documents can be
changed during the expl oitation, we should choose the value
ato create the bsts such that a satisfies the inequality: 2b/3
>a>b/2

Example5. Suppose we have an XML tree in the top of Fig-

ure 4 and assume that a = 6. It means edshcan have up
to 6 nodes. The curve-arrows show how Hsts are built.
Each induced subtree drawn by bold lines ibsi. There
are 3 phases and 7 steps in the process.

We assign a statusto each leaf. At beginning of a given
phase, a leaf’s status is unsigned, a leaf’s status becomes
0 if we could not create abst starting from it, becomes 1 if
the nodeis covered by abst. Node status hel ps to determine
whether the current phase terminates.

The agorithm will be terminated after afinite number of
steps. It is easy to see that for any node all RRC-updated
nodes will belong to successive bsts, upper bst containsthe
root of the lower one, and al of their roots lie in the node
path of the node.

Input: An XML tree T, anumber a
Output: A set of bst of a nodes that coversthe XML tree

loop
loop // a phase
Choose the right most leaf n that is not marked in the current tree
Run CreateBst(T, a, n) //Create thebst for n
if successthen
Mark the leaves of the just created bst with 1
else Mark n with 0 endif;
until: All leaves are marked in the current tree
Remove leaves marked with 1 and unmark leaves marked with O
until: all nodes are removed except the root node of T

Figure 5. Construction of BST-grid of an XML
tree

5.4. Block subtreerealization

We have assumed that b isthe number such that informa-
tion of b nodes together 6b bytes can be stored in one disk
data block. This assumption can guarantee that a bst with b
nodes can be stored in one disk data block.

In fact, we can use b node spacesto store the information
of al nodesin abst tree because there are totally b nodes or
less in each bst. Each node may have RRC, a pointer and
is identified by a 4-byte integer. About the tree structure,
we have to use a method to compress the information. We
use the well-know compact form of representation of atree
where aparent is expressed by alist of itschildren separated
by comma and the list is wrapped by a pair of brackets.
For example (a,(b,c),(d,ef)) represents the tree with aroot,
three children and two last children have their own 2 and 3
children respectively. We extend the representation in order
to include al so the identifier of internal nodes by adding the
parent node identifier before the list of its children, such as
x(a,y(b,c),z(d,ef)). Assume atree hasi internal nodes and
v leaf nodes, wherei + vis equalsto b. The new form of
representation requires only 5v -1 + 6i, less than 6b, bytes
to store the structural information of the tree and it means
that a bst with less than b nodes can fit into adisk block.

We store each bst in adisk block and create links among
the bst, each link points from the block containing the root
node of a bst to the block containing the whole bst. We
denote the realization of the bst grid bst-r. The realization
of bst grid in Figure 4 is represented in Figure 6.

Aswe have noticed, for any given node all RRC-updated
nodes will belong to successive bsts, upper bst contains the
root of the lower one, and al of their roots lie in the node
path of the given node. Because each bst stored in a disk
block, we need load the disk blocks corresponding to these
bsts, following the pointers from the nodes belonging to the
node path of the given node.
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Figure 6. Data block realization

5.5. Structural update of Block subtreerealization

In this subsection we will briefly describe the update
mechanism for Block Sub Tree.

For Deletion, after del eting a node we consider the possi-
bility of merging the current block with its sibling (the right
sibling is higher priority) or parent. When the sum number
of nodes of a child and its parent or two consecutive sib-
lings does not excess b then the merge operations can be
performed because a disk block can hold a subtree with b
nodes. We omit the algorithm for node deletion here.

For Insertion, after finding the bst-r block where the new
node will be stored, we have to consider if there is space
for the new node. In other words, we have to check if the
number of nodesin the bst stored in the block equal to b, the
maximal numbers of nodes allowed being stored in a disk
block. If itis, a splitting of the current block is necessary.
The algorithm for Insertion is presented in Figure 7.

In the tracking path of these above agorithms we base

on the following property: In any block, among the nodes

Input: An XML tree T and its bst-r, a node n and its node path, and
node m, an integer i
Output: Thebst-r of T after insertion of m astheith child of nin T

Load theroot block of the bst-r and set it the current block
loop
if node n belongs to the current bst-r block
if there is a space for the new node m
Insert the new node m into theit" position of the current block.
Update information about the subtree stored in the block
else
Split the current block and use the algorithm creating bst in
Figure 3 to build bst grid on the subtree after insertion
endif;
Return;
else
In the current block, find the node belonging to the node path of n
and having a pointer to another block
This block becomes the current block
endif;
until;

Figure 7. Insertion of a node into a bst

and suppose that by reading the root of bst-r we can load
into the main memory a8 - Checking the pointers cor-
responding to CIT: ) and follow the pointers pointing to
the next element in the XPath expression, &, f0 load
the blocks, each of those contains some continuos nodes
& 118, The argument of this process is similar to one
in Subsection 5.5. Repeat the process until the element a,
is loaded into main memory. Any downward path from a8,
contains the result of the query.

Queries of the second type of XPath expression can be
performed using an invert indexing structurexpressing the

those belong to the node path of n, there is at most one :oam.o_m:o:ms_v between elements and bst. Using UID [4], for

that has a pointer to another block
5.6. Query support

As we have presented in previous sections, RRC is
mainly designed to dea with heavy workload of re-
construction for content update. It means that using the
RRC we can maintain the coordinates of XML elements
with alow cost of coordinate update.

Now we consider how the XML indexing structure with
RRC supports the queries on XML data. We choose two
typically common types of path expression written in form
of XPeth expression [12], such as/a,/.../a/* and */b where
a,..,3 are elements. We will show how to use bst-r to re-
trieve the XML information defined by these X Path expres-
sions. Rewrite the firts type of XPath expression as follow-
ing:

\mp\..\yp\m_.pi\..\QN\...\QTH\QTZH\...\Q_A\*

each XML element b welist the bst containing the element.
Together, they form an element of the invert index.

5.7. Caseimprovements

There are some improvements that can be applied in spe-
cific cases. The technical details can be found in [3]:

Higher organization of Block Subtree. Whenthe XML
collection is huge, we need to further develop the index
schemaby considering the bst-r asthe tree source and build
gridsfor thetree.

Two datum-points for RRC. When the number of chil-
dren of a parent excesses the threshold b, we divide the set
of children into two subsets of approximately equal cardi-
nalities. The coordinates of children in these subsets are
computed based on the first and second coordinate of the
parent node respectively.



Spare space number. Using DTD to anticipate the
needed space that makes bst-r structure relatively stablein
term of reducing number of its structural updates when the
structure of the source data changes.

6. Storing XML data in relational databases
using RRC

There are several approaches to use commercial
databases system for storing and indexing XML data [5]
[9]. We briefly present here an XML storage system with
RRC based on the system introduced in [9].

Based on Object-Relational database, XML data is de-
composed into four relations Element, Attribute, Text,
Path. Each word has its absolute position within document
as integer number Each tag is represented by a pair of a
word position and position of tag in the current sequence
of tags, starting from the word. An element coordinateis a
pair of start tag and end tag.

We redefine the coordinate of aword, from “the word po-
sition in whole document” to “the word position in parent
element”. The relative coordinate of a tag becomes defined
by the relative position (in the parent region) of the near-
est left word and by the order of the tag in the sequence of
tag starting from the word. Similarly with the argument in
Section 3, by this way we can reduce the scope of content
update. It is worthy to remark that by expressing coordi-
nate in RRC, the relationship of absolute positions of words
can be expressed through the relative position. In order to
take the advantages of built-in indexing techniques of the
database system, we extend the coordinate of an element
into <path-info, start-tag, end-tag>. By choose appropriate
path information, R*-tree on the field can be constructed.

7. Conclusion

Reconstruction of index file due to a partial update is a
problem that XML database applications inevitably haveto
face. Absolute Region Coordinate is convenient to express
location of XML element but it can not help in solving this
problem. In this work we have presented a method, called
Relative Region Coordinate, to express XML element co-
ordinate based on the region of parent element, therefore
we can reduce the workload of the reconstruction. We also
have proposed a data structure that exploits the advantages
of RRC. Theindex schemafeatures that siblings of a parent
are grouped in one or several bst. Each bst can be stored
in adisk block, therefore we need a few disk 1/O to update
coordinate of agroup of siblings.

RRC of the elements can be easily computed based on
ARC. Another way is to compute RRC in bottom up man-
ner based on the DOM of the given document. The second

approach has been successfully implemented on the collec-
tion of plays of Shakespeare using the DOM parser from
the Xerces.1.0.3 software foundation.

Our future work will focus on how to adapt the index
schemato specific XML query languages and eval uating the
effectiveness of the method. Due to the complex structure
of XML documents, an index that is efficient for both up-
date and retrieval may not available. One of alternativesis
building two separate indices such that oneis suitable when
update is frequent, the other is better at query processing. In
this case, atransformation mechanism between theindexing
structuresis need to be devel oped.
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