XMLEase: A Novel Access- and Space-Efficienc
Model for Maintaining XML Data in Relationa

Databases
A. Elgi B. Rahnama
Department of Computer Engineering, and Department of Computer Engineering, and
Internet Technologies Research Center, Eastern Internet Technologies Research Center, Eastern
Mediterranean University, Famagusta, Mersin Mediterranean University, Famagusta, Mersin
10, Turkey 10, Turkey

Abstract - Representing XML data in terms of the rows and columns of a relational table is quite inefficient.
Similarly, object-oriented databases cater for storage of objects but lack fast access. In these cases, a better
technique is required to speedup representation and retrieval of hierarchical data in relational databases. This
paper presents XMLEase, a new access- and store-efficient technique to keep XML data in relational databases.
XMLEase keeps data node together with its successors down to a pre-defined level of hierarchy. This method
has been implemented and evaluated; in comparison to other similar methods it is found to perform better. It
shows a fair linear performance independent to the depth of hierarchy with superior data retrieval efficiency.
Although it suffers of a bit of extra space usage for storing successor links, however this is much less than that
of the other methods used for dealing with XML data. Present paper focuses on the access efficiency of the
model in connection with run query processing. This method's best feature is its efficiency in operations to store
and retrieve XML data requiring only one-run SQL query.
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1.0 Introduction

Extensible Markup Language (XML) is a simple, very flexible text format derived from SGML [1]. XML data
is in terms of a hierarchical data structure, hence the query languages such as XQuery, YATL, XML-QL and
XML-GL were proposed to let the researchers easily write and parse the XML data[2], [3]. In order to facilitate
the task of querying XML documents, efficient storage models for storing XML data in relational databases
some methods such as Edge, Monet, XRel and XParent were proposed [4]. A comparison studied by Haifeng et
al. [Haifeng et al. 2001] shows that the XParent is the best approach in terms of storage efficiency [4] [16] while
its access efficiency is poor. This method scatters XML data into three tables, namely, “Text”, “Element”, and
“Path”. In that case, to access the XML data efficiently one needs to “join” these three tables. DBXML [12], de-
normalized relational tables [22], and support of XML data within SQL codes [18] for processing of hierarchical
data are common XML database facilities providing ease of dealing with XML data within relational tables. In
addition simplified query based techniques such as RelaXML [13], XML data scheme [14] [15], could also help
maintaining XML data. Moreover, processing methods for indexing XML data [17] [19] in order to raise the
query efficiency such as search queries [20] are other area of interest. However, few of methods could be ap-
plied for both access and space efficiency models [16] [23]. Some mapping schemes [11] [14] [21] try to have
both requirements together; nevertheless the complexity of model is increased.

In this paper, we examine a database schema called XMLEase as a new approach to XML data representation
model. This approach regards an XML file as consisting of terms of hierarchical data structure, each node of
which is made up of “Label” and “Data” fields. Each node is then converted to a record in a relational table. To
remove the “join problem”, a node is stored in a table together with its redundant pointers to the root of the
XML tree. This causes increase in space usage while affording higher access efficiency. This approach benefits
from avoiding any requirement for data field processing of relational data as it‘s in XParent and allows to run a
single SQL query to store or retrieve the XML data.

The rest of the paper is arranged as follows. Section 2 discusses an XML data model in terms of hierarchical
data modeling. In section 3 we mention the existing approaches for XML data in relational databases. In the
subsequent section we introduce the proposed method XMLEase. In section 5 we discuss common queries and
SQL syntax for storing or retrieving of XML data. Section 6 contains analytical and experimental results such
that XMLEase is brilliant in both access and space efficiency. And finally, we conclude the paper with findings
in section 7.



2.0 XML Data File

In this part we show a short XML data and its hierarchical representation. The XML data graph for the follow-
ing XML document given in Fig. 1.

<customer>
<name>
John Doe
</name>
<address>
<street>

123rd
</street> &John Doe

<city> l
Anytown, LA
</address>
</customers>

Fig. 1. A small XML Document and its corresponding data graph

In Fig. 1, the root “customer” is regarded as the Oth level of the XML tree (we start counting from the root),
the “name” is in the 1st level of hierarchy, etc.

The existing approaches to XML data representation in relational databases are taken up in the following sec-
tion. XMLEase is further introduced in Section 4.

3.0 The Existing Approaches

There are many models dealing with hierarchical data structures that may be utilized in representation of XML
data in relational DB tables. Among more common ones, the “Nested Sets Model” [7], [8] nodes are numbered
sequentially with two indices for bidirectional search queries. In the “Materialized Path Model” [5], [6], the “ad-
dress” of a node is stored with it, starting from the root, in the form of a partially-concatenated string of integers.
The mapping between XML and relational data are treated in [2], [10], and [14]. Structure-mapping-based and
the more interesting one XML Data Mediator [9] methods are also in this category.

Edge, Monet, XRel, RelaXML, and XParent are five out of most existing approaches to store XML data in
relational tables [3]. The access efficiency of Edge is better than that of other methods, because it employs a
single normalized table. On the other hand, the XParent method based on Materialized Path Model [5], [6]
shows the best space usage results. XParent uses numerical tables in connection with the XML data table in or-
der to avoid text processing on the string data kept in the materialized path table [4] [23].

4.0 A Novel Method: XMLEase

XMLEase is a novel access-efficient method that introduces a way of converting an XML tree to RDBMS ta-
bles. To understand this method better, let’s suppose that redundant edges are introduced into the tree, so that
each node is connected to each one of its ancestors, instead of just its parent. This makes it possible to fetch an
XML tag data of a sub-class for a specific property (such as if we need all the name spaces in the third level of
XML tree) using a single query, without needing a join operation. Thus, Table 1 (“xmltable”) displays the rela-
tional modeling of the given XML data and its represented graph given by Fig.1 in Section 2 above.

Table 1. XML data graph representation using XMLEase method

(Identifier) (P1) (P2) (P3)
Customer NULL NULL NULL
Name Customer NULL NULL
Address Customer NULL NULL
&John Doe Name Customer NULL
State Address Customer NULL
Street Address Customer NULL
&Anytown, LA | State Address Customer
&1237 Street Address Customer




The “Identifier” column contains a name for intermediate nodes and the immediate data in the case of leaves
of the XML tree in the example. Other columns maintain pointers to ancestors, such as, P1 is the pointer to im-
mediate parent, P2 is the link to the grand parent, and so on. For example, the record for “Name” has “Cus-
tomer” as P1, and “Null” for P2 & P3. In this case, the depth of hierarchy supported by a relational database is
limited by the number of parent columns. On the other hand, the bigger the number of ancestor columns, de-
pending on the specific XML document, there will be more chances for “Null” pointers, thus wasting storage. It
is up to the user to pre-determine the level of hierarchy in order to keep efficiency high vis-a-vis the nature of
the XML files in consideration. The user may reset the level at any time.

Note that the scope of hierarchy in XMLEase is limited to the supported number of parents (number of
pointer columns; let’s call it “a layer”) rather than keeping the complete depth of all the nodes. In order to fetch
the nodes at deeper levels than the supported level, the scheme is applied to the successive layers in turn and
query results are joined. As far as the model requires a single run for each layer of hierarchy, it is also access
(i.e., time) efficient. This is taken up in the next section. It is conceivable that XML data hardly ever has a high
number of hierarchies. Choosing the supported level as, say 10, would require just a single layer, thus generally
utilized without requiring joins or re-runs.

5.0 Access Efficiency in Query Processing

XMLEase speeds up query processing for insertion, update, retrieval and deletion of data. This is due to its
keeping parent pointers with entities. The sample queries given below may help show this result. The examples
in this section refer to the relational table given above.

5.1 Data Insertion

In order to insert a new XML tag, say “GateNo”, as another property of “Address”, one can easily run the fol-
lowing query:

INSERT INTO xmltable VALUES(’'GateNo’,’Address’,’Customer’, NULL) ;

The entity <GateNo, Address, Customer, Null> will be inserted. Since the ancestors’ addresses are kept in the
pointers of this entity, one does not need to update the parent nodes while inserting a node into an XML tree.
Consequently, a parent’s field need not be updated in order to add a successor node. Thus, insertion is com-
pleted in single-run query.

5.2 Data Update

To update a data value in the relational table, one needs only to run a simple single-run query. For instance, to
change the street value to “321st™:

UPDATE xmltable SET xmltable.Identifier = ’&321st’ WHERE
xmltable.Pl='Street’ and xmltable.P2='Customer’;

5.3 Data Deletion

In order to delete a tag, one can simply delete its specific record. Since the ancestors’ addresses are kept in the
pointers, while deleting a node from an XML tree its ancestors’ nodes need not be updated. However, a node
and its sub-tree can be removed with single-run query without requiring looping or recursion. This is done sim-
ply by inner select deletion if DBMS supports it, or by deletion of entities explicitly selected through parent
pointer being the deleted tag.

5.4 Data Retrieval
With the XMLEase table representation, the following two major queries need be covered:

a) ‘Fetching all the children of a node, say, “Customer” that are 2 levels down’ can be done with the follow-
ing query:



SELECT Identifier FROM xmltable WHERE P2 = ‘Customer’;
b) To find all of the sub-tree of “Customer”, the following single query can be run:

SELECT Identifier FROM xmltable WHERE Pl = "Customer" or P2 = "Customer"
or P3 = "Customer";

As seen above, in both cases only a single-run query is required.
The examples given above help elucidate the access efficiency of XMLEase. In the following section, space

efficiency of XMLEase will be shown; analytical formulation and experimental comparison against other simi-
lar methods will be displayed.

6.0 Space Efficiency

6.1 Analytical Results

Among all existing methods, the materialized path is superior in terms of access efficiency and space used to
keep XML data. Therefore, the XMLEase method is compared against the materialized path.

Let’s first expressUsg,,, , the space used by XMLEase method. Let’s denote the total number of nodes in an
XML tree by N, the level of hierarchy by L, and the size of the record identifier by S, then:

Usg,, =N-(L+1)-S ©)

Ease

Considering indices on the table, space used is expressible as follows, where Sp is size of pointer, n is the
maximum possible number of nodes at each level, and Spi(L, n, i) is equal to the size of indices on each col-

umn for i™ level parent (non key attribute)

L-i+l ) 2
Spi(L,n,i)= n_ll(s +Sp+n' -Sp)
n —

Therefore, the space used taking indices into account is given below, where k is the supported level of hierar-
chy (i.e., number of parent columns, Kk < L ):

k @)
USig,ee = N (L+1)-S+ > Spi(L,n,i)
i=1
Whereas the space usage for the materialized path is as follows if Ps is size of each path entity:
Us,e = N -(S + Ps) )
For a complete tree, where S is size of each dot-separated integer entity,

L _ 5
Ps=>i-Sn ©
i=1

Then,
(6)

L .
US,p =(Zi .S -n'J+ N-S
i=0
On the other hand, considering indices in the table, Nic, the size of index on key attribute is given as follows:
Nic =N -(S + Sp) 7)

As Usi,,, is given by the following,



. L. ®)
Usiye =2->1i-S-n"+N-S+N; +N-Sp

i=1
Therefore, after inserting Nic and factoring:

L . 9)
Usiye =2->i-S-n'+2-N-(S+Sp)
i-1
The comparison of formulas (10) & (11) that do not include indices is straightforward: XMLEase is superior
to the materialized path method. Let’s consider the case with indices. In order to simplify the calculations, let’s
assume the size of each entity is one as follows:

L
Usiyp =2 30175 ' +2:N- 0+ S =

)
. nt n“*t -1
pi(Lin)=——-(@+Sp)+n-SpiN =——

Thus,

L . L+l (13)
Usi,, = 2-{Zi-n' +(1+5p)-" 1}
i=1 -

And, to simplify the space usage formula for XMLEase considering indices, let’s assume the supported level
of hierarchy k (i.e., the number of parent columns, where K < L) is taken as k = L:

k nt (14)
UsiEase:N-(L+1)+Z[ 1-(1+Sp)+n-SpJ
i\ N—
To compare the space used by both methods, we do as follows:
AUsi =Usi,,, —Usi,, (15)

It can be shown that AUSI is always positive [23]. Thus, XMLEase method uses less space than the material-
ized path method.

6.2 Experimental Results

In the experiment reported below, space usages for different methods are being compared. As the first test case,
let us consider tables without taking indices into consideration. A simple program was written for working with
MySQL DB in order to fill the relational tables by the same XML data. The figure given below displays the
space used versus levels of hierarchy by different methods without considering indices.
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Fig. 2. Space used (size) versus levels of hierarchy by different methods without considering indices

It is clear that the experimental values follow the analytical estimations: XMLEase method uses less space
than materialized path and redundant arcs methods. However, it consumes more space than naive, adjacency list
and nested sets methods but these are not as access efficient as XMLEase.

If indices on the tables are taken into consideration, the experimental results show that XMLEase is better
than all methods except the naive one in agreement with analytical estimations. However, naive method is ac-
cess inefficient as already indicated.
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Fig. 3. Space used (size) versus levels of hierarchy by different methods considering indices

7.0 Conclusion

Representing XML data in terms of the rows and columns of a relational database table is quite inefficient.
Similarly, object-oriented databases cater for storage of objects but lack fast access. In these cases, a better tech-
nique is required to speedup representation and retrieval of hierarchical data in relational databases. This paper
presented XMLEase, a new access- and store-efficient technique to keep XML data in relational databases.
Models of representing XML data in relational databases are considered; their performance is compared against
that of XMLEase.

The best of the methods using existing models such as Nested Sets and the Materialized Path Models is the
XParent. Yet, the XParent is known to suffer from low performance for path interpretation.

The XMLEase method introduces redundant links between a node and its ancestors so that the children of a
given “Label” at any level below the node in the XML data file can be retrieved efficiently. The XMLEase
places these links as pointers in separate columns. In this approach, the XML data tags refer to their ancestors
instead of successors as represented by the XParent method. It is shown that the fundamental DB ML operations
such as insert, update, delete, and retrieve are carried out efficiently with a single-run query by XMLEase. Addi-



tionally, deleting a node does not require updating the previously stored parents. The small extra space used for
pointers appears to be the only drawback of this approach. Yet, wasted storage is much less than that of the
other methods used for dealing with XML data. Furthermore, it is clear that the XML data servers value ‘access
efficiency’ and speed more than they would mind using a little extra storage space.

Experimental results follow the analytical expectations. XMLEase method is more efficient than redundant
arcs and materialized path methods in terms of space usage. It performs better than all others in the case of ac-
cess efficiency.
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