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Abstract

Broadcasting is one of the basic ways to access XML data via mobile wireless net-
works. In these networks, XML data are disseminated over a wireless broadcast
channel and mobile clients can connect to this channel via portable devices and
receive the XML data they need. To date, various indexing methods have been pro-
posed to broadcast the XML data over mobile wireless broadcast networks, each
of which attempts to reduce the latency and energy consumption of mobile devices
in processing the different types of XML queries. Most of the proposed indexing
methods use only a single wireless broadcast channel for XML data dissemination.
Due to the sequential data access over a wireless broadcast channel, the access time
to retrieve the desired XML data over a broadcast channel is longer if the length of
generated XML data stream is large. This paper proposes two new XML data place-
ment schemes to disseminate the XML data over multiple wireless broadcast chan-
nels by partitioning the XML data stream into several partitions and placing them
into multiple wireless broadcast channels. The goal of both of which is a further
reduction of the access time during the process of XML querying over the broadcast
channels. According to the experimental results, the proposed XML data placement
schemes have achieved the goal of further reducing the access time, especially when
the size of XML document to be disseminated is large.
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1 Introduction

Today, mobile wireless technology is in a deep tangle with everybody’s daily life.
At the end of 2011, there was 6 billion mobile subscriptions, which is equivalent
to 87% of the whole population of the world [1]. In mobile wireless networks,
data are sent and received on the air via radio waves and thus it allows mobile
clients to receive their required data on the air. One of the efficient data dissem-
ination ways in mobile wireless networks is data broadcasting, which is being
highly regarded nowadays [2, 3]. In mobile wireless broadcast networks, a broad-
cast server sends data over a wireless broadcast channel at a broadcast cycle and
mobile clients can connect to that channel in order to receive the data they need
[4, 5].

In order to connect to the mobile wireless broadcast channels and receive the
required data over these channels, mobile clients use portable devices such as
laptops, tablets, and smart phones. The major problems of these portable devices
are the limitation of battery energy, the limitation of memory capacity, and the
limitation of processing resources. Therefore, it is necessary to devise solutions
to speed up data access over the mobile wireless broadcast channels and reduce
the energy consumption of portable devices for downloading the required data
over these channels [6, 7].

Generally, each portable device has two working modes, namely doze-mode
and active-mode. In the doze-mode, the portable device does not perform the task
of processing or receiving data from the broadcast channel. On the other hand,
in the active-mode, the portable device connects to the broadcast channel and
receives the intended data. The energy consumption of the portable devices in the
active-mode is higher than that in the doze-mode. Therefore, the new solutions
should be designed in such a way that they allows the portable devices to remain
in the doze-mode as long as their required data are not sent out over a broadcast
channel and switch to the active-mode and receive the required data as soon as
the required data are over the broadcast channel [8—10].

Actually, two important criteria to measure the access performance to the data
in a mobile wireless broadcast channel are access time and tuning time [2, 3, 5,
9]. Access time refers to the period of time from the moment that the mobile
client sends a query over a wireless broadcast channel to the moment that the
query results are received by the mobile client. Therefore, it is used to measure
the efficient access to data over a mobile wireless broadcast channel. Tuning time
represents the sum of the intervals during which the mobile client remains in the
active-mode in order to retrieve the desired data over a mobile wireless broadcast
channel, thus it is used to estimate the energy consumption in portable devices.

In recent years, different XML data stream structures have been proposed
for broadcasting the XML data over a wireless broadcast channel to reduce the
access time and tuning time [11-19]. These XML data stream structures uti-
lize the indexing techniques, which put the index information combined with
the XML data, to disseminate the XML data over a wireless broadcast channel.
Using the index information, the mobile clients can find out the time when the
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intended data are given on the broadcast channel. This allows the mobile clients
to put their portable devices in the doze-mode and, as soon as the intended data
appears on the broadcast channel, connect to the channel and receive the data.
However, these XML data stream structures are designed to be used only in a
single wireless broadcast channel. By assuming that there are multiple disjoint
physical broadcast channels, it is possible to place the data over multiple wire-
less broadcast channels in a way that it reduces the access time of mobile clients
in retrieving the required data over the broadcast channels. This assumption has
wider applicability since there are many frequencies on which data can be trans-
mitted in a wireless network. In addition, the use of multiple wireless broadcast
channels allows better configurability, scalability, and fault tolerance [20-22].

In [23], an efficient XML data placement scheme is proposed to place the XML
data over multiple wireless broadcast channels by grouping and partitioning the
XML data. In the proposed XML data placement scheme, the XML data stream is
divided into several partitions and each partition is placed over a broadcast chan-
nel. By dividing the XML data stream into several partitions, the length of the
XML data stream in each broadcast channel is shortened. This causes a further
reduction in the access time compared to the schemes that use only a single wire-
less broadcast channel [11-19].

The overall approach in [23] is to group the XML nodes with the same root-to-
node path together using the path summary technique [24] and place these groups
in multiple wireless broadcast channels. The XML nodes grouped together are
placed in multiple broadcast channels based on the depths of root-to-node paths
in ascending order. Also, the Pre/Post XML labeling scheme [25] is used in [23]
in order to find the exact location of XML nodes in the XML document when the
XML data is retrieved from the wireless broadcast channels. Now, assume that
the XML document considered to be disseminated over multiple wireless broad-
cast channels is a file with large size and the number of XML nodes with the
same root-to-node path with high depth is large. Therefore, the access time to
retrieve the XML nodes with the same root-to-node path with high depth will still
have a big value. In this paper, we propose two XML data placement schemes
which overcomes the problem explained in [23] once the XML nodes are dissem-
inated over multiple wireless broadcast channels. Hence, the main contributions
of this paper are summarized as follows:

e We propose two XML data placement schemes in order to place the XML
nodes over multiple wireless broadcast channels by partitioning the XML
data stream into several partitions and placing them into multiple wireless
broadcast channels. The proposed XML data placement schemes improve the
performance of XML querying over multiple wireless broadcast channels in
terms of access time compared to the XML data placement scheme proposed
in [23].

e We devise an algorithm to generate an XML data stream based on our proposed
XML data placement schemes. The generated XML data stream contains indexes
to jump forward to the XML query results which are located in a wireless broad-
cast channel.
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e We evaluate the performance of proposed XML data placement schemes over
multiple wireless broadcast channels in processing of XML queries in terms of
access time and tuning time by performing several experiments using different
XML data sets.

The rest of the paper is organized as follows: Sect. 2 includes an explanation of
XML data model and XML query language. It also includes a short description of
the previous studies for broadcasting the XML data in the mobile wireless broadcast
networks. In Sect. 3, the proposed XML data placement schemes are presented and
explained by examples. In Sect. 4, the process of XML querying over our proposed
XML data placement schemes is described. In Sect. 5, the performance of proposed
XML data placement schemes in XML querying over multiple wireless broadcast
channels are evaluated using different XML data sets. Finally, in Sect. 6, the paper is
concluded with a conclusion and discussion of future works.

2 Research background and related works

In this section, we first explain the XML data model [26] and the XPath query lan-
guage [27] in short and then we explain different ways for broadcasting the XML
data in mobile wireless broadcast networks.

2.1 XML data model and XPath query language

XML (eXtensible Markup Language) [26] is a markup language that has been intro-
duced by the World Wide Web Consortium (W3C) in 1996. Due to the high capabil-
ity and flexibility of this language for sending various kinds of data (ranging from
different types of text data to audio/video data) on the Internet, XML is used as a
defacto standard for presenting and exchanging the data on the internet.

An XML document is a set of elements formed a hierarchical structure. An XML
element is a pair of start and end tags and the text data appearing between these two
tags. Each XML document has a root element that includes all the elements of the
XML document. Notice that the text might be combined with the sub-elements of
an element. Also, XML language specifies another concept for the elements, which
is called attribute. For example, in Fig. 1, “position” is an attribute of the element
“author.” An element’s attribute is a string that cannot include the markups and
appears in the form of “name=value” before the symbol “>" at the start tag. An
XML document can be demonstrated by a tree structure in which the elements and
the parent—child relationships are represented by the nodes and the edges, respec-
tively. For example, Fig. 2 demonstrates the tree structure of the XML document
shown in Fig. 1.

XPath is one of the popular XML query languages [27]. The result set of an
XPath query is obtained based on the location path of the XML nodes in the XML
tree. A location path includes the nodes’ location path steps. The processing of each
step of the location path of an XML node identifies a set of XML nodes in the XML
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<SigmodRecord>
<issue>
<volume>11</volume>
<number>1</number>
<articles>
<article>
<title>Architecture of Future Data Base Systems</title>
<authors>
<author position="00">Lawrence A. Rowe</author>
<author position="01">Michael Stonebraker</author>
</authors>
<initPage>30</initPage>
<endPage>44</endPage>
</article>
<article>
<title>Multisafe - A Data Security Architecture</title>
<authors>
<author position="00">Robert P. Trueblood</author>
<author position="01">H. Rex Hartson</author>
</authors>
<initPage>45</initPage>
<endPage>63</endPage>
</article>
<articles>
</issue>
<issue>
<volume>12</volume>
<number>2</number>
<articles>
<article>
<title>Comparison and Mapping of the Relational and CODASYL Data Models</title>
<authors>
<author position="00">Gary H. Sockut</author>
</authors>
<initPage>55</initPage>
<endPage>68</endPage>
</article>
</articles>
</issue>
</SigmodRecord>

Fig. 1 An example of XML document

tree. In fact, some parts of the XML document are addressed by interpreting the path
expressions of each XML node.

For example, the location path “/SigmodRecord/issue/volume” includes three
steps “/SigmodRecord,” “/issue,” and “/volume,” at each of which some XML nodes
of the XML document are selected.

Some of the most commonly used symbols for selecting the XML nodes in an
XML document in the XPath language are as follows:

e “/’: It is used to specify the parent—child relationship between two XML nodes
in the XML tree.
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Fig.2 An example of XML tree
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e “//’:Ttis used to specify the ancestor—descendant relationship between two XML
nodes in the XML tree.

e “@”: It represents an attribute of an XML node in the XML tree.
“*7: It represents any XML node with an arbitrary node name in the XML tree.
“[1: Tt is used to specify a predicate condition in the XML query.

Generally, the XPath queries are divided into two groups:

e Simple Path XML Query This kind of XPath queries may include the sym-
bols “/;” “//,” and “*.” For example, the simple path XML query Q="/Sig-
modRecord//articles/article” finds all of the XML nodes (i.e., elements) “article”
that are the children of the node “articles,” which is itself a descendant node of
the node “SigmodRecord.”

e Twig Pattern XML Query It is an XML query that may include the symbols
“1 ) <*) and “[].” For example, the twig pattern XML query Q="/Sig-
modRecord/issue[volume/ text()="12"]//author” finds all the nodes ‘“‘author”
that are the descendant node “issue,” which is itself the child of the node “Sig-
modRecord,” with the condition that the node “volume” is the child of the node
“issue” and has a value of “12.”

2.2 Related works

There are two broadcasting modes for data dissemination in terms of connec-
tion type and data access speed, namely push-based mode and on-demand mode
[6-9]. In the push-based mode, the whole of data are disseminated over a wireless
broadcast channel periodically and mobile clients can be connected to that chan-
nel in order to receive the required data. On the other hand, in the on-demand
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mode, mobile clients first send their requests to the broadcast server via an uplink
channel and the broadcast server considers all of the requests in order to decide
about the content and order of data sending for the next broadcast cycle. It should
be noted that this paper proposes two new XML data placement schemes to dis-
seminate the XML data over multiple wireless broadcast channels in the push-
based mode.

Several studies have been done to reduce the access time by proposing an efficient
scheduling method which determines the content and order of data in a wireless
broadcast channel [28-32]. However, these scheduling methods have been proposed
for XML data dissemination in the on-demand mode and they cannot be applied for
our proposed XML data placement schemes.

Data broadcasting in the push-based mode has various applications in mobile
wireless networks due to the unique features such as bandwidth efficiency (the
broadcast channel is shared to large number of mobile clients), energy efficiency
(connection to the broadcast channels does not require energy consumption for send-
ing the requests to the broadcast server), and scalability (the number of mobile cli-
ents that can be connected to a broadcast channel is not limited) [2-9]. In the follow-
ing, we provide a short review of the existing research studies for broadcastig XML
data in the push-based mode.

In [11], a node structure called S-Node for XML nodes in the XML data stream
is proposed which can contain three different indexing methods to process different
types of simple path XML queries. These three indexing methods are One Sibling
Address (OSA), Two Sibling Address (TSA), and Same Path Address (SPA). In the
OSA indexing method, each S-Node contains the arrival time of the next sibling
node in the XML data stream. This index is used to jump forward to the next sib-
ling S-Node when the current S-Node has no child node while the next query result
(i.e., next S-Node) exists or the current S-Node itself is not as a result of submitted
simple path XML query. In the TSA indexing method, each S-Node contains two
arrival times, the arrival time of nearest sibling node having the same tag name as
the current S-Node and the arrival time of nearest sibling node having a tag name
different from that of the current S-Node. By exploiting the TSA indexing method,
the simple path XML queries can be processed more efficiently than the OSA index-
ing method. In the case that the current S-Node does not have any child while the
next query result (i.e., Next S-Node) exists or the current S-Node itself is not the
query answer, mobile client can jump forward to the nearest sibling node having
different tag name from the current S-Node. Therefore, a large number of irrelevant
S-Nodes is skipped in the XML data stream. In the case that the current S-Node is
the query answer, mobile clients can jump forward to the nearest sibling node hav-
ing the same tag name as the current S-Node. By following the sequence of same
tag name addresses, mobile clients can selectively access to all S-Nodes which may
be the results of submitted simple path XML query. In the SPA indexing method,
each S-Node contains the arrival time of nearest sibling node having the same root-
to-node path. By exploiting this indexing method, a chain of S-Nodes having the
same root-to-node path is constructed throughout the XML data stream. Therefore,
this indexing method can facilitate the process of searching the XML query results
over the XML data stream.
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An indexing method based on the path summary technique [24] has been pro-
posed by [12]. By exploiting the path summary technique for indexing the XML
nodes in the XML data stream, the XML nodes which have the same root-to-node
path are grouped together and the redundant tag names are removed from the XML
data stream. Therefore, this indexing method can reduce the access time in process-
ing the different types of simple path XML queries over the XML data stream.

In [13], a node structure called DIX has been proposed to implement a fully dis-
tributed index for XML data broadcast over a wireless broadcast channel. The DIX
node structure contains the field location path index (LPI). It allows mobile clients
can start the process of simple path XML queries over the XML data stream without
exploiting the XML data stream from the root node. In order to efficient process
the simple path XML queries over a wireless broadcast channel, two indices called
Clone node Link (CL) and Foreign node Link (FL) are proposed for each DIX node.
The CL index is used to access the candidate nodes which may be the results of
submitted simple path XML query and the FL index is used to skip from the XML
nodes irrelevant to the submitted simple path XML query.

In [14], a novel structure for XML data stream called PS + Pre/Post has been pro-
posed by integrating the path summary (PS) technique [24] and the Pre/Post labe-
ling scheme [25]. By exploiting the path summary structure for accessing the XML
nodes over the XML data stream, the redundancy of root-to-node paths of the set of
XML nodes with the same root-to-node path grouped together can be removed and
therefore, the access time to retrieve the XML nodes over the XML data stream can
be reduced. However, the path summary technique does not keep the Parent—Child
relationship and the Ancestor—Descendant relationship between the XML nodes
over the XML data stream which are required to process twig pattern XML queries.
By labeling the XML nodes with the Pre/Post labeling scheme, the structural rela-
tionships between the XML nodes can be easily determined and therefore, different
twig pattern XML queries can be efficiently processed over the XML data stream.

In [15], a new indexing method has been proposed to process twig pattern XML
queries over the XML data stream. The proposed indexing method uses two types of
lineage encoding called lineage vertical (V) code and lineage horizontal (H) code.
The lineage code which is represented by (V, H) is able to represent the parent—child
relationships between XML nodes. Therefore, this indexing method is able to pro-
cess different types of simple and twig pattern XML queries over the XML data
stream in mobile wireless broadcast networks.

In [16], a new XML data distribution scheme is proposed for the XML indexing
method in [14] by distributing the partial and relevant parts of both the indexes and
the XML data into suitable positions over a wireless broadcast channel. In this dis-
tribution scheme, each broadcast cycle is divided into a set of quantums. Each quan-
tum contains a set of paths and XML nodes. By exploiting this distribution scheme,
mobile clients can process different types of simple and twig pattern XML queries
without exploiting the XML stream at the beginning of the next broadcast cycle.

In [17], a novel XML stream structure is proposed by grouping and summariz-
ing the structural information of XML nodes in the XML tree such as the root-to-
node paths, the contents of texts and attributes of XML nodes in order to reduce
the size of XML stream. The proposed XML stream structure contains several
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indexes in order to skip from the irrelevant parts of XML stream during the pro-
cessing of XML queries over the XML stream. By reducing the size of XML
stream and skipping from the irrelevant parts of the XML stream, the proposed
XML stream structure is able to efficiently process different types of simple and
twig pattern XML queries in terms of access time and tuning time.

In order to secure dissemination of XML data over a wireless broadcast chan-
nel, mobile clients should obey a set of access authorizations specified on the
original XML document. In such environments, mobile clients can only access
authorized parts of encrypted XML stream based on their access authorizations.
In [18], the first XML stream structure called SecNode is proposed which sup-
ports two security services data confidentiality and access control of XML data
over a wireless broadcast channel. Each SecNode contains the indices such as
First Node Address, Last Node Address, and Next Candidate to selectively access
authorized parts of XML data over the XML stream.

In [19], a new encrypted XML data stream structure is proposed which sup-
ports the confidentiality of XML data over the broadcast channel. In the proposed
stream structure, the size of encrypted XML data stream is reduced compared
to the XML data structure proposed by [18] by grouping the paths, XML nodes,
texts, and attributes together. The proposed structure includes several indexes to
skip from irrelevant data over the broadcast channel.

The problem of all previous indexing methods [11-19] is that the performance
of XML querying in terms of access time degrades as the number of XML data
being broadcast increases. It is due to the sequential access of XML data in a
wireless broadcast channel. The increasing number of XML data causes mobile
clients to wait for a substantial amount of time before receiving the desired XML
data. In [23], a new XML data placement scheme to broadcast the XML data
over multiple wireless broadcast channels is proposed by optimally partitioning
the XML data among multiple wireless broadcast channels in order to reduce the
average access time of mobile clients in processing of different types of simple
and twig pattern XML queries.

There are several factors to be considered in order to compare the existing
indexing methods for XML data broadcast which are listed as follows:

e Number of broadcast channels used for XML data broadcast Whether the pro-
posed indexing method uses a single broadcast channel or multiple broadcast
channels to disseminate the XML data.

e Type of improvement Whether the proposed indexing method can improve the
performance of XML querying in terms of access time and tuning time or not.

o Type of XML queries supported by the proposed indexing method Whether the
proposed indexing method is able to process different types of simple path and
twig pattern XML queries or not.

Table 1 summarizes the existing indexing methods for XML data broadcast in
the push-based mode.
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Table 1 Comparison of different indexing methods for XML data broadcast in the push-based mode

Related works Single channel/ mul-  Improvement Processing of XML
tiple channels queries
Access time Tuning time Simple path  Twig
query pattern
query

[11] Single channel v v v -
[12] Single channel v v v
[13] Single channel v v v -
[14] Single channel v v v v
[15] Single channel v v v v
[16] Single channel v - v v
[17] Single channel v v v v
[18] Single channel v v v v
[19] Single channel v v v v
[23] Multiple channels v - v v

3 The proposed data placement schemes for XML data broadcast

In this section, we first explain the structure of XML data stream used in our pro-
posed XML data placement schemes. This XML data stream structure is similar
to the XML data stream structure in [23]. Then, we explain our proposed XML
data placement schemes for placing the XML data over multiple wireless broad-
cast channels.

3.1 The structure of XML data stream

Generally, the structure of XML data stream used in our proposed XML data place-
ment schemes is divided into two parts, namely “index segment” and ‘“data seg-
ment.” In our proposed XML data placement schemes, the first broadcast channel
is always used to broadcast the part of “index segment” and the other broadcast
channels are used to broadcast the part of “data segment.” It means that the part of
“index segment” is always placed on the first broadcast channel but the part of “data
segment” can be partitioned and placed on more than one broadcast channel.

In the XML data stream structure, the part of “index segment” contains index
information about the XML data disseminated over other wireless broadcast
channels. Therefore, mobile clients can use this information to find out the chan-
nel number and the arrival time of XML data on which they are interested to
retrieve over the wireless broadcast channels.

Definition 1 The root-to-node path of XML node e refers to a sequence of node
names from the root node to the node e.
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Table2 An example of path Ordered ID

Root-to-node path
summary

/SigmodRecord

/SigmodRecord/issue
/SigmodRecord/issue/volume
/SigmodRecord/issue/number
/SigmodRecord/issue/articles
/SigmodRecord/issue/articles/article
/SigmodRecord/issue/articles/article/title

/SigmodRecord/issue/articles/article/authors

O 00 N O W R W N =

/SigmodRecord/issue/articles/article/initPage

—_
(=]

/SigmodRecord/issue/articles/article/endPage

—_
—

/SigmodRecord/issue/articles/article/authors/author

Table 3 Structure of each root-to-node path in the index segment

Field Description

RootToNodePathLength; The length of root-to-node path i

RootToNodePath, The root-to-node path i

FirstChildAddress; The distance between the root-to-node paths Path; and Path; in the index seg-
ment. The root-to-node path Path; is the first child of root-to-node path Path;

FirstAddress; The arrival time of first XML node with the root-to-node path Path; in the data
segment

LastAddress; The arrival time of last XML node with the root-to-node path Path; in the data
segment

ChannelNumber; The channel number in which XML nodes with the root-to-node path Path; are

disseminated over it

For example, in Fig. 2, the root-to-node path of XML node “title” is ““/Sig-
modRecord/issue/ articles/article/title.”

By grouping the set of XML nodes having the same root-to-node path, a set of
unique root-to-node paths is constructed called path summary (PS).

Definition 2 The path summary of XML tree T (PSy) is an ordered set of unique
root-to-node paths in the XML tree T where the paths are ordered based on the
breadth-first traverse of XML tree T.

For example, Table 2 shows the path summary of XML tree shown in Fig. 2. As
shown in Table 2, the XML tree shown in Fig. 2 contains 11 unique root-to-node
paths.

Definition 3 Assume that PS;={Path;, Path,,..., Path,} is the path summary of

XML tree T. Each root-to-node path of the XML tree T in the part of “index seg-
ment” contains several fields as shown in Table 3.
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For example, Table 4 shows the unit structure of root-to-node path with the
ordered ID 6 in the path summary shown in Table 2. The field length of root-to-
node path with the ordered ID 6 is 36 since the length of this path is 36 characters.
The field root-to-node path is “/SigmodRecord/issue /articles/article” since the 6th
root-to-node path in the path summary is that path. The field First Child Address is
X which is the arrival time of root-to-node path of the first child node of path *“/Sig-
modRecord/issue/articles/article” (i.e., “/SigmodRecord/issue/articles/article/title’).
The field First Address is Y which is the arrival time of first XML node with the
root-to-node path “/SigmodRecord/issue/articles/article” over a wireless broadcast
channel. The field Last Address is Z which is the arrival time of last XML node with
the root-to-node path “/SigmodRecord/issue/ articles/article” over a wireless broad-
cast channel. The fields First Address and Last Address are used by mobile clients
to determine when their mobile devices should be in the active mode to retrieve the
desired XML data over a wireless broadcast channel. The field Channel Number is 2
which means the result of simple path XML query with the root-to-node path ““/Sig-
modRecord/issue/articles/article” is disseminated over the broadcast channel with
the number 2.

Definition 4 Assume that Nodes;= {Node,, Node,,..., Node,} is the set of XML
nodes in the XML tree 7. Each XML node in the XML tree T in the part of “data
segment” has several fields as shown in Table 5.

For example, Table 6 shows the unit structure of node “author” with the preorder
9 in the XML tree shown in Fig. 2. The fields Preorder, Postorder, ParentPreorder,
and Depth are 9, 4, 8, and 6, respectively, as shown in Fig. 2. The field TextFlag
is 1 since node “author” with the preorder 9 has a text. The field TextLength is 16
since the text of node “author” with the preorder 9 has 16 characters. The field Text-
Value is “Lawrence A. Rows” since the value of text of node “author” has this value.
The node “author” with the preorder 9 has an attribute with the name “position”
and value “00.” Therefore, the field AttributeNumber is 1. Also, the fields Attrib-
uteNameLength, AttributeName, AttributeValueLength, and AttributeValue are 8,
“position,” 2, and “00,” respectively.

Table 4 Unit structure of

the root-to-node path with Field Content
the ordered ID 6 in the index RootToNodePathLength, 36
segment RootToNodePath, /SigmodRecord/
issue/articles/
article
FirstChildAddress; X
FirstAddress; Y
LastAddress; Z
ChannelNumber; 2
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Table 6 Unit structure of node Field

“author” with the preorder 9 in Content

the data segment Preorder 9
Postorder 4
ParentPreorder 8
Depth 6
TextFlag 1
TextLength 16
TextValue Lawrence A. Rowe
AttributeNumber 1
AttributeNameLength 8
AttributeName position
AttributeValueLength 2
AttributeValue 00

3.2 XML data placement schemes

In our proposed XML data placement schemes, XML data must be placed over
multiple wireless broadcast channels in such a way that the workloads of broadcast
channels to be balanced. The following assumptions are used in order to place the
XML data over multiple wireless broadcast channels in our proposed XML data
placement schemes.

Assumption 1 The minimum number of broadcast channels to disseminate the XML
data is 2. The first broadcast channel is always used to broadcast the part of “index
segment” and the second broadcast channel is used to broadcast the part of “data
segment” of the XML data stream.

Assumption 2 The maximum number of broadcast channels to disseminate the
XML data is equal to “the number of unique root-to-node paths in the XML tree
T°+1.

Assumption 3 All of the XML nodes related to a root-to-node path are disseminated
over a single broadcast channel and they cannot be partitioned and placed on differ-
ent broadcast channels.

In the following, our proposed XML data placement schemes to disseminate the
XML data over multiple wireless broadcast channels are explained.

The process of XML data placement over multiple wireless broadcast channels
in the first proposed XML data placement scheme is shown in Fig. 3. It should be
mentioned that the part of “index segment” is disseminated over the first broadcast
channel and this process is not explained in Fig. 3.

As shown in Fig. 3, the total size of the set of XML nodes of each root-to-node
path in the XML tree T is calculated based on Definition 4. Then, based on the
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Input:
n : The total number of root-to-node paths of the XML tree 7}
m: The total number of broadcast channels to disseminate the XML data;
Output:
The set of broadcast channels which includes all of the XML nodes of the XML tree 7}

1.  The total size of the set of XML nodes of each root-to-node path in the XML tree 7'is calculated based on
Definition 4. Based on the total size of XML nodes in each root-to-node path, the set of root-to-node paths in
the XML tree 7'is ordered in descending order. Assume that the result of ordering is as follows: SPr={Path;,
Pathy,..., Patha}

2 channelNumber = 1;

3. currentPath =1;

4. while (true) {

5. while (channelNumber != m){

6. If (currentPath == n + 1) break;

7 channelNumber ++;

8 Place all of the XML nodes of root-to-node path Pathcurrentran 0N the broadcast channel

ChannelchannelNumber;

9. currentPath ++;

10. }

11. while (channelNumber != 1){

12. If (currentPath == n + 1) break;

13. Place all of the XML nodes of root-to-node path Pathcurrentrah On the broadcast channel
ChannelchannelNumber;

14. channelNumber --;

15. currentPath ++;

16.

17. If (currentPath == n + 1) break;

18. }

Fig.3 The first XML data placement scheme

total size of XML nodes in each root-to-node path, the set of root-to-node paths
in the XML tree T is ordered in descending order (Line 1). The reason is that the
set of XML nodes with the same root-to-node path which has large size can be
disseminated over the broadcast channels with a higher priority at the first (Lines
5-10). Then, in order to keep the load of broadcast channels balanced, the broad-
cast channels which have small amounts of XML data are used to disseminate the
rest of XML data in the part of “data segment” (Lines 11-16). By changing the
priority of broadcast channels to disseminate the XML data, the broadcast chan-
nels that have disseminated the XML data with large size can disseminate the
XML data with the small size in order to keep the load balancing between all of
the wireless broadcast channels.

Example 1 Assume that the XML data of XML tree T with 5 unique root-to-node
paths must be disseminated over 3 wireless broadcast channels based on the first
XML data placement scheme shown in Fig. 3. Table 7 shows the root-to-node paths

Table 7 General information of XML tree T
Root-to-Node Paths /a /a/b  Ja/b/c  /a/b/d  /a/ble

Total Size of the XML Nodes Based on Definition 4 (in Bytes) 19 46 74 27 27
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for the XML tree T among with the total size of the XML nodes related to each root-
to-node path.

Based on the first XML data placement scheme in Fig. 3, the root-to-node paths
of XML tree T are ordered in descending order based on the total size of their XML
nodes. Therefore, the result is the set of root-to-node paths as follows: {“/a/b/c,”
“la/b,” “/a/bld,” “/a/ble,” “/a”}. The process of XML data placement for this set of
root-to-node paths is shown in Fig. 4.

It should be mentioned that the first broadcast channel (i.e., Channel 1) is used to
disseminate the index information. Therefore, there will remain two broadcast chan-
nels to disseminate the XML data in the part of “data segment.” According to the
first XML data placement scheme shown in Fig. 3, at the first, the XML nodes with
the root-to-node paths “/a/b/c” and “/a/b” are placed on the broadcast channels 2
and 3, respectively, since the total sizes of the XML nodes in these two root-to-
node paths are larger than other root-to-node paths. Then, the XML nodes with the
root-to-node paths”/a/b/d” and ‘“/a/b/e” are placed on the broadcast channels 3 and
2, respectively, in order to keep the load of broadcast channels balanced. Then, the
XML nodes with the root-to-node path “/a” are placed on the broadcast channel 2
based on the first XML data placement scheme shown in Fig. 3.

The process of XML data placement over multiple wireless broadcast channels in
the second proposed XML data placement scheme is shown in Fig. 5. It should be
mentioned that the part of “index segment” is disseminated over the first broadcast
channel and this process is not explained in Fig. 5.

As shown in Fig. 5, similar to the first XML data placement scheme, at the first,
the set of root-to-node paths is sorted in descending order based on the size of XML
nodes in Definition 4. Now, if the result of division (the total number of root-to-node
paths / (the total number of broadcast channels—1)) is a number less than 2, the first
XML data placement scheme shown in Fig. 3 is used to disseminate the XML data
over multiple wireless broadcast channels (Lines 2—4). In the case that the result
of division [the total number of root-to-node paths / (the total number of broadcast
channels—1)] is an even integer number, the variable “g” (i.e., [(the total number

Fig.4 An example of XML data Broadcast Channel | Root-to-Node Path

placement based on the first Channel 2 /a/b/c

XML data placement scheme Channel 3 /a/b

when the total number of broad- ) . .

cast channels is 3 The first step in disseminating the XML data

Broadcast Channel Root-to-Node Path

Channel 2 /a/b/c /a/b/e
Channel 3 /a/b /a/b/d

The second step in disseminating the XML data

Broadcast Channel Root-to-Node Path
Channel 2 /a/b/c /a/b/e /a
Channel 3 /a/b /a/b/d -

The third step in disseminating the XML data
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Input:
n : The total number of root-to-node paths of the XML tree 7}
m: The total number of broadcast channels to disseminate the XML data;
Output:
The set of broadcast channels which includes all of the XML nodes of the XML tree 7}

1.  The total size of the set of XML nodes of each root-to-node path in the XML tree Tis calculated based on
Definition 4. Based on the total size of XML nodes in each root-to-node path, the set of root-to-node paths
in the XML tree 7 is ordered in descending order. Assume that the result of ordering is as follows:
SPr={Pathj, Path,,..., Pathn}

2. If((n/(m-1))<2){

3. The first XML data placement scheme shown in Fig 3 is used to disseminate the XML data;

4. Yelsef

5. if ([n / (m - 1)] is an even integer number){

6. //"g” indicates how the XML nodes with different root-to-node paths should be disseminated

over broadcast channels.

7. g=[(n/(m-1))/2];

8. channelNumber = 1;

9. while (channelNumber !=m){

10. channelNumber ++;

11. Select “g” root-to-node paths from the first of the set of ordered root-to-node paths SPr
and “g” root-to-node paths from the last of the set of ordered root-to-node paths SPr
and then disseminate the XML nodes of these root-to-node paths over the broadcast
channel ChannelchannelNumber;

12. }

13. }elseif ([n / (m - 1)] is an odd integer number){

14. //"g” indicates how the XML nodes with different root-to-node paths should be disseminated

over broadcast channels.

15. g=[((n/@m-1)-1)/2];

16. channelNumber = 1;

17. while (channelNumber != m){

18. channelNumber ++;

19. Select “g” root-to-node paths from the first of the set of ordered root-to-node paths SPr
and “g” + 1 root-to-node paths from the last of the set of ordered root-to-node Paths
SPr and then disseminate the XML nodes of these root-to-node paths over the broadcast
channel ChannelchannelNumber;

20. }

21.

22. If((n / (m - 1)) is not an interger number){

23. Select the broadcast channel which the total size of XML data over it is samller than other
broadcast channels and then the reminder XML nodes that have not been disseminated

over a broadcast channel are disseminated over this broadcast channel;

24.

25. }

Fig.5 The second XML data placement scheme

of root-to-node paths/(the total number of broadcast channels—1))/2]) is calculated
in order to determine how the XML nodes with different root-to-node paths should
be disseminated over multiple broadcast channels (Lines 5-12). In this case, “g”
root-to-node paths from the first of the set of ordered root-to-node paths and “g”
root-to-node paths from the last of the set of ordered root-to-node paths are selected
and disseminated over the second broadcast channel. This process is continued until
all of the XML nodes are disseminated over broadcast channels. In the case that
the result of division [the total number of root-to-node paths/(the total number of
broadcast channels—1)] is an odd integer number, the variable “g” (i.e., [((the total
number of root-to-node paths/(the total number of broadcast channels—1))—1)/2])
is calculated in order to determine how the XML nodes with different root-to-node
paths should be disseminated over multiple broadcast channels (Lines 13-21). In
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Table 8 General Information of XML Tree T
Root-to-Node Paths /a  /a/b Ja/c /a/b/d /a/ble [alblf

Total Size of the XML Nodes Based on Definition 4 (in Bytes) 19 46 52 74 27 27

Fig.6 An example of XML data Broadcast Channel Root-to-Node Path
placement based on the second Channel 2 /a/b/d | /a

XML data placement scheme
when the total number of broad-
cast channels is 4

The first step in disseminating the XML data

Broadcast Channel Root-to-Node Path
Channel 2 /a/b/d /a
Channel 3 /a/c /a/b/f

The second step in disseminating the XML data

Broadcast Channel Root-to-Node Path

Channel 2 /a/b/d /a
Channel 3 /a/c /a/b/f
Channel 4 /a/b /a/b/e

The third step in disseminating the XML data

[P

this case, “g” root-to-node paths from the first of the set of ordered root-to-node
paths and “g” + 1 root-to-node paths from the last of the set of ordered root-to-node
paths are selected and disseminated over the second broadcast channel. This process
is continued until all of the XML nodes are disseminated over broadcast channels. In
the case that the result of division (the total number of root-to-node paths / (the total
number of broadcast channels—1)) is not an integer number, the broadcast channel
which has small amounts of XML data is used to disseminate the rest of XML data
in the part of “data segment” in order to keep the load of broadcast channels bal-

anced (Lines 22-24).

Example 2 Assume that the XML data of XML tree T with 6 unique root-to-node
paths must be disseminated over 4 wireless broadcast channels based on the second
XML data placement scheme shown in Fig. 5. Table 8 shows the root-to-node paths
for the XML tree T among with the total size of the XML nodes related to each root-
to-node path.

Based on the second XML data placement scheme in Fig. 5, the root-to-node
paths of XML tree T are ordered in descending order based on the total size of XML
nodes. Therefore, the result is the set of root-to-node paths as follows: {“/a/b/d,”
“lalc,” “/a/b,” “lalble,” “/a/b/f,)” “/a”}. The process of XML data placement for this
set of root-to-node paths is shown in Fig. 6. It should be mentioned that the first
broadcast channel (i.e., Channel 1) is used to disseminate the index information.
Therefore, there will remain three broadcast channels to disseminate the XML data.
Since the result of division [the total number of root-to-node paths / (the total num-
ber of broadcast channels—1)] is 2 (i.e., [6/(4—1)]=2) and the value of “g” is equal
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to 1 (i.e., [(6/(4—1))/2] =1), one root-to-node path from the first of the set of ordered
root-to-node paths (i.e., “/a/b/d”’) and one root-to-node path from the last of the set
of ordered root-to-node paths (i.e., “/a”) are selected and the XML nodes of these
two root-to-node paths are disseminated over the second broadcast channel. Again,
one root-to-node path from the first of the set of ordered root-to-node paths (i.e.,
“/a/c”) and one root-to-node path from the last of the set of ordered root-to-node
paths (i.e., “/a/b/f”) are selected and the XML nodes of these two root-to-node paths
are disseminated over the third broadcast channel. Again, one root-to-node path
from the first of the set of ordered root-to-node paths (i.e., “/a/b”) and one root-to-
node path from the last of the set of ordered root-to-node paths (i.e., “/a/b/e”) are
selected and the XML nodes of these two root-to-node paths are disseminated over
the forth broadcast channel.

Example 3 Assume that the XML data of XML tree T with 6 unique root-to-node
paths must be disseminated over 3 wireless broadcast channels based on the second
XML data placement scheme shown in Fig. 5. Table 8 shows the root-to-node paths
for the XML tree T among with the total size of the XML nodes related to each root-
to-node path. Based on the second XML data placement scheme in Fig. 5, the root-
to-node paths of the XML tree T is ordered in descending order based on the total
size of XML nodes. Therefore, the result is the set of root-to-node paths as follows:
{“/a/bld,” “alc,” “[alb,” “/alble,” “[alblf,” “[a”}.

The process of XML data placement for this set of root-to-node paths is shown
in Fig. 7. It should be mentioned that the first broadcast channel (i.e., Channel 1) is
used to disseminate the index information. Therefore, there will remain two broad-
cast channels to disseminate the XML data.

Since the result of division [the total number of root-to-node paths / (the total
number of broadcast channels—1)] is 3 (i.e., [6/(3—1)]=3) and the value of “g” is
equal to 1 (i.e., [((6/(3—1))-1)/2] =1), one root-to-node path from the first of the set
of ordered root-to-node paths (i.e., “/a/b/d”’) and two root-to-node paths from the
last of the set of ordered root-to-node paths (i.e., “/a” and “/a/b/f”) are selected and
the XML nodes of these three root-to-node paths are disseminated over the second
broadcast channel. Again, one root-to-node path from the first of the set of ordered

Broadcast Channel Root-to-Node Path
Channel 2 Ja/b/d | Ja | Ja/byf

The first step in disseminating the XML data

Broadcast Channel Root-to-Node Path
Channel 2 /a/b/d /a /a/b/f
Channel 3 /a/c /a/b/e /a/b

The second step in disseminating the XML data

Fig.7 An example of XML data placement based on the second XML data placement scheme when the
total number of broadcast channels is 3
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root-to-node paths (i.e., “/a/c”’) and two root-to-node paths from the last of the set of
ordered root-to-node paths (i.e., “/a/b/e” and “/a/b”) are selected and the XML nodes
of these three root-to-node paths are disseminated over the third broadcast channel.

Figure 8 shows the XMLStreamGenerator algorithm which is devised to generate
an XML stream based on our proposed XML data placement schemes. We use the
SAX API which is an event-driven API for parsing the XML documents.

In this algorithm, the XMLStreamGenerator first initializes some of the relevant
parameters using the startDocument() event handler (Lines 1-8). When a start XML
tag is encountered during the parsing of a well-formed XML document, the XML-
StreamGenerator creates a new node namely newNode (Line 10) and sets its related
parameters (Lines 11-30) by executing the startElement() event handler. It also adds
the newNode into the list of nodes (nodeList) (Line 31). Since some parameters of
the newNode have not yet set, the XMLStreamGenerator pushes the newNode into
a stack (nodeStack) (Line 32). If the current node contains a text content, the XML-
StreamGenerator sets its related parameters by executing the characters() event han-
dler (Lines 44—49). When an end XML tag is encountered during the parsing of a
well-formed XML document, the XMLStreamGenerator executes the endElement()
event handler to set some of the relevant parameters for the newNode such as the
postorder (Lines 37-43). When the whole of XML document is parsed, the XML-
StreamGenerator executes the endDocument() event handler and constructs the path
summary PS for the parsed XML document by exploiting the root-to-node paths
of the XML nodes in the XML document (Lines 50-56). It also sorts the root-to-
node paths in the path summary PS based on the breadth-first order (Line 57). Then,
the XMLStreamGenerator sorts nodes in the nodeList based on the order of root-to-
node paths in the path summary PS (Line 58). Afterward, the XMLStreamGenerator
obtains the size of each XML node (Lines 59-62). Then, the XMLStreamGenera-
tor finds the address of first child path for each root-to-node path in the path sum-
mary PS (Line 63). It also calculates the sum of sizes for the nodes related to each
root-to-node path as well as the field totalDataSize for each root-to-node path (Lines
64-70). Next, the XMLStreamGenerator sorts the root-to-node paths in descending
order based on their total sizes (line 71). Then, the XMLStreamGenerator sets the
fields ChannelNumber, FirstAddress, and LastAddress for each root-to-node path in
the path summary PS based on the XML data placement schemes proposed in this
paper (Lines 72—73). Finally, the XMLStreamGenerator generates the XML data
stream XS (Line 74).

4 XML query processing based on the proposed XML data placement
schemes

The process of XML querying in our proposed XML data placement schemes is
similar to that in [23]. The algorithm of processing the simple path XML queries
over multiple wireless broadcast channels in [23] is shown in Fig. 9. As shown
in Fig. 9, when a mobile client sends a query Q over a wireless broadcast net-
work, the mobile client is first connected to the broadcast channel on which the
index segment has been sent (i.e., the broadcast channel with the number 1), and
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Algorithm XMLStreamGenerator
Input: A well formed XML Document
Output: XML Stream XS

1. contentHandler.startDocument(){
depth =1;

preOrder = 1;

postOrder
parentindex = 0;
Stack nodeStack = ¢;
nodeList = ¢;

PN A WN

9. contentHandler.startElement(){

10. constructa Node newNode;

11. newNode.setDepth(depth);

12. newNode.setPreOrder(preOrder);

13. newNode.setParentIndex(parentIndex);

14. if(parentindex = 0)

15. newNode.setRootToNodePath(“/” + TagName);

16. else{

17.  parentNode = peek from nodeStack;

18. newNode.setRootToNodePath(parentNode.getRootToNodePath() + ”/” + TagName);
19.

20. if(the Current Element contains Attributes){

21. newNode.setNumberOfAttributes(Total Number of Attributes);
22. for(inti = 0; i < Total Number of Attributes; i++){

23. construct Attribute newAttribute;

24. newAttribute.setName(Name of Attribute);

25. newAttribute.setLenghOfName(Length of Attribute‘s Name);
26. newAttribute.setValue(Value of Attribute);

27. newAttribute.setLenghtOfValue(Length of Attribute’s Value);
28. newAttribute.AddAttribute(newAttribute);

29.

30. }
31. Add newNode into nodeList;
32. Push newNode into nodeStack;
33. parentlndex = preOrder;

34. depth++;
35. preOrder++;
36. }

37. contentHandller.endElement(){

38. currentNode = Pop from nodeStack;

39. depth = currentNode.getDepth();

40. parentIndex = currentNode.getParentIndex();
41. currentNode.setPostOrder(postOrder);

42. postOrder++;

43. }

44. contentHandller.charactersQ{

45. currentNode = Peek from nodeStack;

46. currentNode.setHASTEXT (true);

47. currentNode.setText(Content of Element);

48. currentNode.setLenghtOfText(Length of Element’s Content);
49. }

50. contentHandller.endDocument(){

51. construct Path Summary PS;

52. for(inti= 0;i< nodeListlenght(); i++)

53.  if(PS does not contain nodeList.get(i).getRootToNodePath()){

54. currentPath=nodeList.get(i).getRootToNodePath();
55. PS.addPath(currentPath, currentPath.lenght());
56.

57. Sort the path summary PS based on the Breath First Order of root-to-node paths;
58. Sort nodeList based on the order of root-to-node paths in the path summary PS;
59. for(inti; i < nodeListlenght; i++){

60. dataSize = Size of nodeList(i);

61. nodeList(i).setDataSize(dataSize);

62.

63. PS.findFirstChildAddress();

64. for(inti; i < PS.lenght; i++){

65. for(int j; j < nodeListlenght; j++){

66. if(nodeList(j).getRootToNodePath() = PS(i). getRootToNodePath()){

67. PS(i).setTotalDataSize(PS(i).getTotalDataSize() + nodeList(j).getDataSize());
68.

69. 1}

70.

71.  Sort the path summary PS based on the Total Data Size in descending order;

72.  Find the field “ChannelNumber” based on the first and second XML data placement schemes for each
root-to-node path in the path summary PS;

73.  Find the fields “FirstAddress” and “LastAddress” based on the first and second XML data placement
schemes for each root-to-node path in the path summary PS;

74.  construct XML stream XS from the path summay PS and the node list nodeList;

75.

Fig. 8 XMLStreamGenerator algorithm
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Algorithm SimplePathQueryProcessor
Input:Path Stream over the broadcast channel with the channel number 1, Data Stream over other broadcast channels (i.e
channel numbers 2, ..., n), Simple Path XML Query Q
Output: XML Query Results Set R
1. R=¢;
While(true){
rootToNodePath ="";
While(rootToNodePath != XML Query Q){
currentPath = Retrieve the current path from the broadcast channel Channels;
rootToNodePath = The field RootToNodePath of the currentPath;

firstTime = The field FirstAdderess of the currentPath;

lastTime = The field LastAddress of the currentPath;

0. channelNumber= the field ChannelNumber of the currentPath;

1 Based on the field ChannelNumber of the currentPath, Connect to that channel and wait in the doze mode until
the node with the arrival time equal to the variable firstTime arrives on the air;

12.  While(the current time is not equal to the variable lastTime){

REOYONRWN

13. R =R U {Retrieve the current node from the broadcast channel Channelchanneinumber};
4. }

15.  break;

16. }

Fig. 9 Algorithm of simple path XML querying over multiple wireless broadcast channels

the root-to-node paths are read one by one until a root-to-node path equal to the
simple path XML query Q is found (i.e., the path currentPath) (Lines 2-7). The
mobile client can find the fields FirstAddress, LastAddress, and channelNumber
from the path currentPath in order to determine the arrival times of query results
over the broadcast channel on which the XML data has been sent (Lines 8—10).
By knowing this information, the mobile client is connected to the intended
channel and switches to the doze-mode and as soon as the intended XML data
is appeared over the broadcast channel, the mobile client again switches to the
active-mode and receives the XML query results (Lines 11-14).

Example 4 Assume that there are 3 wireless broadcast channels to disseminate the
XML data of the XML tree shown in Fig. 2.

The first broadcast channel is used to disseminate the content of index segment
and other two broadcast channels are used to disseminate the content of data seg-
ment. Now, assume that the mobile client x sends the simple path XML query
Q="/SigmodRecord/issue /articles/article/authors/author” on the air. The mobile
client x first connects to the broadcast channel on which the content of index seg-
ment is sent (i.e., the first broadcast channel). The content of index segment based
on its structure defined in Definition 3 is shown in Fig. 10. The mobile client x
finds out that the results set of submitted query Q have been sent on the second
broadcast channel with a time distance ranging between 100 and 324. Therefore,
the mobile client connects to the second broadcast channel and remains in the
active-mode during this time interval and to receive the results set of simple path
XML query Q.

The processes of other types of simple path XML queries and twig pattern
XML queries in our proposed XML data placement schemes are similar to these
in [23]. Refer to [23] for more information.
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Root toNodePathLength 13 19 26 26
RoottoNodePath /SigmodRecord SigmodRecord/issue /SigmodRecord/issue/volume SigmodRecord/issue/number
FirstChildAddress 2
FirstAddress 480 544 372 486
LastAddress 503 591 431 479
o ChannelNumber 3 2 3 2
Root toNodePathLength | ... 46 44 51
RoottoNodePath ... | /SigmodRecord/issue/articular | /SigmodRecord/issue/articles | /SigmodRecord/issue/articles
article/initPage article/endPage /article/authors/author
FirstChildAddress - 0 0 0
FirstAddress . 210 324 100
LastAddress . 299 413 323
ChannelNumber . 3 2 2 >

Fig. 10 The content of index segment over the first broadcast channel for the XML tree shown in Fig. 2

5 Performance evaluation

In this section, the performance of our proposed XML data placement schemes
to process the simple path XML queries is evaluated by performing several
experiments.

All of the experiments were conducted on a computer system with Core™i5 pro-
cessor, 4 GB memory running on Windows 7 operating system where all of codes
were implemented by JAVA.

5.1 Experimental settings

We logically modeled the XML data stream on multiple wireless broadcast channels
as binary files where the broadcast server writes byte streams on the files and mobile
clients read the files and process the XML queries [23].

In our simulation model, we assumed that all the broadcast channels have the
same bandwidth and the broadcast bandwidth was fully utilized for broadcasting the
XML data [11-19].

To measure the access time and tuning time, we considered only the activity of a
mobile client since the activity of a mobile client does not affect the performance of
XML query processing at the other mobile clients [11-19].

We assumed that the XML stream is broadcasted and accessed in units with a
fixed size and thus we measured the access time and tuning time in processing dif-
ferent types of XML queries by the number of bytes. In the view of assumption that
the network speed is fixed, the number of bytes can be converted into time since the
elapsed time for reading a unit with a fixed size is computed as the unit size divided
by the network speed [11-19].

To measure the performance variation based on the types of XML data sets, we
used the Mondial and XMark data sets. Table 9 shows the characteristics of these
two XML data sets. These XML data sets were used to perform the different experi-
ments in the previous research studies [11-19].

To measure the performance variation based on the types of XML queries,
we used different simple path XML queries. The list of XML queries used in
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Table 9 The characteristics of XML Data Sets

Data Set Size (KB) Number of ele-  Number of Number of root-to- Maxi-
ments attributes node paths mum fan
out
Mondial 1743 22,423 47,423 33 955
XMark 1155 17,132 3919 421 255

Table 10 XML query sets
Data Set Query Name Path Order Data Order Simple Path XML Query

Mondial M1 29 2 /mondial/country/province/city
M2 31 4 /mondial/country/province/city/population
M3 11 7 /mondial/country/city
M4 12 8 /mondial/country/ethnicgroups
M5 3 11 /mondial/organization
M6 22 21 /mondial/river/to
XMark X1 272 7 /site/closed_auctions/closed_auction/annotation/
description/parlist/listitem/text
X2 148 8 /site/open_auctions/open_auction/annotation/descrip-
tion/text
X3 185 10 /site/regions/namerica/item/mailbox/mail/text
X4 309 69 /site/regions/namerica/item/description/parlist/list-
item/text/emph
X5 172 252 /site/regions/australia/item/description/parlist/listitem
X6 411 377 /site/regions/africa/item/incategory

our experiments is shown in Table 10. We selected the simple path XML queries
which have different query results in terms of the total size of XML node results.
It should be mentioned that the filed “Path Order” in Table 10 indicates the order
number of root-to-node paths in descending order for each XML data set and the
field “Data Order” indicates the order number of root-to-node paths based on the
total size of their XML nodes in descending order for each XML data set. Since
the results of the experiments for other simple path XML queries and twig pattern
XML queries are the same as the simple path XML queries shown in Table 10,
we have ignored to explain this part of experiments.

The performance metrics used in our experiments were the volume of XML
data stream, the access time, and the tuning time. The volume of XML data
stream is the size of XML data stream in bytes based on the structure of XML
data placement scheme used for generating an XML data stream. The access
time is the total number of bytes to read from the binary file (i.e., the XML data
stream) from the moment an XML query is submitted on the air to the moment
the query results are retrieved from the wireless broadcast channel. The tuning
time is the total number of bytes to read in binary file (i.e., the XML data stream)
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Fig. 11 The volume of XML data in the data segment over multiple wireless broadcast channels on the
Mondial Data Set
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Fig. 12 The volume of XML data in the data segment over multiple wireless broadcast channels on the
XMark data set

when the mobile device is in the active mode [11-19]. It should be noted that a
mobile device is in the active mode when it listens to a broadcast channel, reads
data over the channel and then downloads them. It is in the doze mode when it is
waiting for the desired data to be disseminated over the broadcast channel.

5.2 Experimental results on volume of disseminated XML data

Figures 11 and 12 show the volume of XML data disseminated over different broad-
cast channels in the Mondial and XMark data sets when the total number of wireless
broadcast channels is 8, respectively.

In our experiments, the first channel was used to disseminate the part of index
segment and it is not shown in Figs. 11 and 12 since the volume of data in this chan-
nel for all the XML data placement schemes (i.e., The first and second proposed
XML data placement schemes and the XML data placement scheme in [23]) is the
same. As shown in Figs. 11 and 12, the volume of XML data across almost all of
the broadcast channels is the same in the first and second proposed XML data place-
ment schemes compared to the proposed XML data placement scheme in [23]. It
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Fig. 14 Access time on the XMark data set

means that our proposed XML data placement schemes can better balance the dis-
semination of XML data over multiple wireless broadcast channels compared to the
proposed XML data placement scheme in [23]. The reason is that the process of
assigning a broadcast channel to disseminate all the XML nodes of a specified root-
to-node path in [23] is based on the ascending order of paths in the path summary
while this process in our proposed XML data placement schemes is based on the
total size of the set of XML nodes of each root-to-node path in the path summary.

5.3 Experimental results on access time

Figures 13 and 14 show the access time of mobile clients to retrieve the results of
XML queries over the broadcast channels in the Mondial and the XMark data sets,
respectively. In all of the experiments, the first broadcast channel was used to dis-
seminate the part of index segment and 7 broadcast channels were used to dissemi-
nate the part of data segment of the XML data stream. As shown in Figs. 13 and 14,
the first XML data placement scheme seems to be successful in achieving the goal of
improving the access time for the XML queries M1, M2, M3 in the Mondial data set
and the XML queries X1, X2, and X3 in the XMark data set compared to the XML
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data placement XML proposed in [23]. The reason is that the XML nodes of root-
to-node paths having the huge amounts of XML data have a higher priority to be
disseminated over the broadcast channels in the first proposed XML data placement
scheme. As shown in Table 10, the order numbers of XML queries M1, M2, M3
based on the size of their related XML nodes are 2, 4, and 7, respectively, and the
order numbers of XML queries X1, X2, X3 based on the size of their related XML
data are 7, 8, and 10, respectively. Therefore, the access times to retrieve the results
of these XML queries are less than others since the XML nodes for these XML que-
ries are disseminated sooner in the first proposed XML data placement scheme. On
the other hand, the second XML data placement scheme seems to be successful in
achieving the goal of improving the access time for the XML queries M4, M5, M6
in the Mondial data set and the XML queries X4, X5, and X6 in the XMark data set
compared to the XML data placement scheme proposed in [23] since the second
proposed XML data placement scheme keeps a balance between the access times
in processing of XML queries having the root-to-node paths at the first of the path
summary with large amounts of XML data and the XML queries having the root-to-
node paths at the last of the path summary with small amounts of XML data.

Figures 15, 16, 17, 18 show the access time of mobile clients to retrieve the
results of the XML queries M2 and M5 in the Mondial data set and the XML que-
ries X2 and X5 in the XMark data set, respectively, when the number of broadcast
channels is varied.

As shown in Figs. 15, 16, 17, 18, the access time of mobile clients to retrieve
the desired XML data is reduced as the number of broadcast channels used in our
experments increases in all of the XML data placement schemes. It means that the
performance of XML querying over mobile wireless broadcast networks in terms of
access time can be improved by disseminating the XML data over multiple wireless
broadcast channels. However, the access time of mobile clients to retrieve the results
of XML queries M2 and X2 in the first XML data placement scheme is less than
other XML data placement schemes. The reason is that the XML nodes of root-to-
node paths having the huge amounts of XML data (i.e., the results of XML queries
M2 and X2) have a higher priority to be disseminated over the broadcast channels
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Fig. 15 Access time on the XML query M2
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in the first proposed XML data placement scheme. In addition, the access time of
mobile clients to retrieve the results of XML queries M5 and X5 in the second XML
data placement scheme is less than other XML data placement schemes. The reason
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is that the second proposed XML data placement scheme keeps a balance between
the access times in processing of XML queries having the root-to-node paths at the
first of path summary with large amounts of XML data and the XML queries having
the root-to-node paths at the last of path summary with small amounts of XML data.

5.4 Experimental results on tuning time

Figures 19 and 20 show the tuning time of mobile clients to retrieve the results of
different XML queries over the broadcast channels in the Mondial and XMark data
sets, respectively. In all of the experiments, the first broadcast channel was used to
disseminate the part of index segment and 7 broadcast channels were used to dis-
seminate the part of data segment. As shown in Figs. 19 and 20, the tuning time of
a mobile client in retrieving the desired XML data did not change with increasing
the number of wireless broadcast channels. It means that disseminating the XML
data over multiple wireless broadcast channels does not degrade the performance of
XML querying in terms of tuning time. In addition, the results show that the perfor-
mance of XML querying in terms of tuning time over multiple wireless broadcast
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channels for all of the XML data placement schemes is the same since the structure
of XML data stream (i.e., the structure of index segment and the structure of data
segment) for all of the XML data placement schemes is the same.

6 Conclusion and future works

In this paper, two different XML data placement schemes were proposed to broad-
cast the XML data over multiple wireless broadcast channels. The aim of the first
proposed XML data placement scheme was to improve the performance of XML
querying in terms of access time in the case that the total size of XML nodes is
large where these XML nodes are the results of XML queries with high depths. By
performing different experiments using different XML data sets, it was concluded
that the first XML data placement scheme could achieve its goal, and as much as the
total size of XML nodes is larger, the goal is achieved better.

Furthermore, the aim of the second proposed XML data placement scheme was
to keep a balance between the access times in processing of XML queries which
have low depths with large amounts of XML data and the XML queries which have
high depths with small amounts of XML data. The experimental results showed
that the second XML data placement scheme could achieve its goal in most of the
experiments.

In the future, some other subjects ignored in this paper can be considered. For
example, some challenging issues like data lost and data confidentiality in broad-
casting the XML data in mobile wireless broadcast networks can be considered.
Actually, the wireless networks are unstable and thus the broadcast data might be
lost. It is necessary to think of appropriate solutions for resolving such a problem.
Furthermore, the broadcast data suffers from the lack of security since many cli-
ents can access data over the broadcast channels unlimitedly. Therefore, some suit-
able solutions should be proposed to guarantee the data confidentiality of XML data
when they are disseminated over mobile wireless broadcast channels.
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