Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/
Journal of Tianjin University Science and Technology

ISSN (Online):0493-2137

E-Publication: Online Open Access

Vol: 57 Issue: 04:2024

DOI: 10.5281/zen0d0.11032246

SECURITY AND PRIVACY CONCERNS IN XML INDEXING FOR
WIRELESS DATA BROADCASTING

VINAY KUMAR AHLAWAT
Research Scholar, Department of CS&E, Invertis University Bareilly, India. Email: vinahlawat@gmail.com

GAURAV AGARWAL
Professor, Department of CS&E, Invertis University Bareilly, India. Email: gaurav.al@invertis.org

VIKAS GOEL
Professor, Department of IT, KIET Group of Institutions, Ghaziabad, India. Email: vikas.goel@kiet.edu

PRAGATI GOEL

Associate Professor, MCA Department, NCRD'S Sterling Institute of Management Studies, Nerul, Navi
Mumbai. Email: goelpragati78@gmail.com

RAJU RANJAN

Associate Professor, School of CS&E, Galgotias University, Greater Noida, India.
Email: drraju.ranjan@galgotiasuniversity.edu.in

NARENDRA KUMAR

Professor, Department of CSE, Galgotias College of Engg. & Tech., Greater Noida, India.
Email: narendrakumar@galgotiacollege.edu

Abstract

There is a need to identify possible a single effective and privacy-preserving solution to all XML data
indexing techniques for wireless data broadcasting. These indexing techniques are employed to secure
and protect privacy in XML data. The proposed research aims to evaluate a detailed examination and
comparison of these techniques to identify their gaps and possible solutions to these gaps in terms of
concern parameters. The emphasis is on finding a single solution that not only enhances security and
privacy but also improves accuracy in data retrieval and query performance in XML indexing techniques.
Also, this proposed paper acknowledges potential challenges such as the negative impact on usability due
to encryption and decryption overhead in Secure Data Transmission. In conclusion, the research suggests
that an effective solution for securing XML data and protecting privacy may involve a strategic combination
of techniques tailored to specific needs and compliance requirements. This highlights the importance of a
comprehensive and adaptive approach to address the multifaceted challenges associated with wireless
data broadcasting and privacy protection in XML data. The results and conclusions from this work can also
be used to further design a novel secure dynamic indexing technique for wireless XML data broadcast.

Keywords: Partial-Tree Indexing, Encrypted Indexing, Secure Data Transmission, Access Control
Mechanisms, Anonymization Methods, Regulatory Compliance, XML Indexing.

[. INTRODUCTION
A.Research Contribution:

XML, or Extensible Markup Language, is a widely used format for storing and transmitting
structured data, including documents, databases, and web services. One of the key
challenges in broadcasting XML data over mobile wireless networks is the limited
bandwidth and varying quality of service that these networks can provide. To address this
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challenge, indexing techniques are used to reduce the amount of data that needs to be
transmitted and improve the speed and efficiency of data retrieval. In the process of
indexing, data arrival information is established once the necessary data is available on
the channel. [1]

Data integrity is a major security concern. Without protection, the indexed data is
vulnerable to manipulation and corruption, which can result in inaccurate search results
or even privacy violations. One method for safeguarding the indexed data is encryption.
Using access control mechanisms is another strategy to regulate the kinds of data that
various people can access [7]. Privacy issues emerge when the XML documents being
indexed contain sensitive or personally identifiable information. This can contain financial
information, private company information, or personally identifiable information (PlII).
Such information may be broadcast in breach of privacy laws and regulations. Sensitive
data can be removed or obscured using data anonymization techniques like data masking
or data perturbation to allay these worries [8].

Moreover, XML documents could include data that needs to be compliant with
regulations, such as financial or medical records. Data must be safeguarded from
unwanted access and handled with specific protocols to comply with standards like
HIPAA or PCI DSS [9]. Using suitable security and privacy measures, such as encryption,
access control, and anonymization techniques, is crucial to addressing these privacy and
security concerns. In addition, it's critical to handle sensitive data by regulatory
compliance standards [10][11].

Misuse of indexed data is a possible security and privacy concern as well. For instance,
unapproved uses of indexed data could include profiling or targeted advertising. When
private or delicate information is at stake, this can be quite alarming. Adequate privacy
regulations and limits on data use must be put in place to prevent misuse of indexed data

[7].
B.Research Gaps:

In the process of indexing, data arrival information is established once the necessary data
is available on the channel. For wireless data broadcast using XML indexing, security,
and privacy are major problems. Sensitive information from sent XML documents is
extracted and stored throughout the indexing process, where it may be accessed by
unauthorized individuals [1].

The potential of data breaches in XML indexing for wireless data broadcasting is a
significant security and privacy issue. The security and integrity of the indexed data may
be exposed if it is not securely protected from threats like hacking or interception. Since
wireless networks are naturally more susceptible to interception and illegal access, this
danger is particularly severe for wireless data transmission [12]. Strong authentication
and encryption measures must be used to protect data transfer and storage to prevent
data breaches. Also, it's critical to consistently check the system for any instances of
unauthorized access or dubious activity [12].
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Moreover, it is important to remember that security and privacy may also be impacted by
the XML indexing approach you use. There is a higher danger of privacy violations when
using indexing techniques like full-text indexing, which may extract and store more
information than is necessary. Other methods, including path-based indexing, might be
more effective and considerate of users' privacy [13].

Privacy and security are significant issues with XML indexing for wireless data
broadcasting. There is a need to study and implement suitable security and privacy
mechanisms, such as encryption, access control, and anonymization techniques.
Routinely monitoring the system for any potential threats or breaches, are crucial for
ensuring the confidentiality, integrity, and privacy of indexed data.

C.Research Questions

(i) What are the gaps in the existing knowledge about XML data security and privacy-
preserving XML data indexing techniques within the context of wireless data
broadcasting?

(i) Can a one-size-fits-all security approach be identified to effectively tackle security
and privacy concerns in the indexing technique for wireless XML data
broadcasting?

The rest of this research paper is proposed as follows. Section 2 initiates with the
background of the concern XML indexing techniques and security issues addressed in
XML indexing techniques in available research articles. Section 3 studies and analyzes
various secured XML indexing techniques used to generate the stream for broadcasting.
All the results and findings are detailed to answer the questions in the introduction section.
In the first part, various secured XML indexing techniques are compared with their key
features. In the second part, various secured XML indexing techniques are compared
with concerned parameters. In section 4, a detailed analysis of each secured indexing
technique is described. In section 5, the conclusion of the techniques was drawn from a
comparison analysis.

II. REVIEW METHODOLOGY

In the realm of wireless communication, broadcasting emerges as a highly fitting method
for disseminating information, particularly appealing for handheld mobile devices with
constrained resources in asymmetric communication scenarios. Incorporating the index
alongside the data proves to be an energy-efficient solution. Various conventional disk-
based indexing methods have been expanded to encompass techniques such as B+
trees, hashing, and signature indexing.

Furthermore, a comprehensive analysis of these indexing techniques has been
conducted in the context of both single and multi-level wireless channels [14]. All indexing
techniques for wireless broadcast channels are depicted in Figure 1. Conventional
indexing techniques designed for uniform data sets may not be suitable for XML data due
to their semi-structured nature, which is identified using XPath expressions rather than
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key attributes. In the case of XML data, it is streamed alongside the index and
broadcasted. A survey and analysis of diverse XML-based indexing techniques have
been conducted, focusing on their key factors, as outlined in [15].

Data
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Indexing
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Structure Data Channel
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Figure 1: Indexing Techniques for Wireless Broadcast Channels

The authors of this study have concentrated on addressing the challenge of indexing
methods for wireless broadcasting of XML data. They've identified that XML data is semi-
structured, presenting both advantages and challenges. This semi-structured nature
hinders the application of traditional indexing methods, and it poses difficulties for disc-
based XML indexing methods in creating wireless streams for XML documents, mainly
because the index is not static to conserve energy on the channel. In response, the
authors propose an enhancement to existing indexing techniques named the (1, Xm)
method. This method is specifically designed to cater to a multiple-channel environment,
as outlined in [16].

The paper discusses XML, a widely used markup language on the Internet, responsible
for generating substantial amounts of data in XML format. The authors introduce two
search methods aimed at efficiently navigating through large volumes of data using XML
indexing technology. They address an existing issue where performance tends to favor
one side in keyword searches of extensive XML documents. To tackle this, they propose
the Content Model, a solution applicable to both informal and formal data processing. This
model facilitates the proper handling and utilization of non-structured data, aligning with
the NoSQL paradigm for swift processing across different devices and enabling a
responsive user interface. The authors highlight the versatility of this approach,
emphasizing its applicability in various services and devices, such as N-Screen and
mobile devices, without the need for specific viewers. This adaptability proves
advantageous for tasks requiring efficient processing in diverse scenarios [13].
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In the realm of securing sensitive data contained in XML documents within a confidential
collaborative system that abstains from sharing such data, a scheme for privacy-
preserving data disclosure decisions has been introduced. This scheme operates under
the assumption of a trusted server. Inspired by the idea of segregating storage structure
and content, the approach employs a temporary access matrix to represent structure
authorization, while a vector signifies content authorization at the level of leaf nodes. The
access matrix, following conversion rules, not only denotes access authorization for all
nodes but also preserves the fundamental structure of the XML document. Through the
amalgamation of vectors and matrices, the scheme can provide distinct access
perspectives tailored to different user groups with diverse objectives. Additionally, start-
end encoding is applied for encoding all nodes, simplifying the process of node and
content location. The privilege matrix plays a pivotal role in resolving privacy
synchronization changes for all users, thereby augmenting the overall efficacy of the
privacy-preserving data disclosure decision scheme [17].

XPath is a widely utilized tool for querying XML documents across diverse applications.
Nevertheless, as the XML document's node count expands, the execution complexity of
gueries concurrently rises. This challenge becomes particularly pronounced when
handling very large XML documents, particularly in cases where there is an inadequate
amount of computer memory to accommodate the storage and processing of the entire
tree data. The principal objective of this research is to formulate an algorithm specifically
designed for querying extensive XML trees within a distributed-memory environment [18].
This undertaking is driven by the intention to confront the computational hurdles
associated with querying large XML documents by harnessing the capabilities of a
distributed memory configuration.

To safeguard XML data transmitted through a mobile wireless network, mobile clients
must conform to a set of access authorizations stipulated in the original XML document.
Within such environments, the access of mobile clients is confined to authorized
segments of an encrypted XML stream based on their specific access permissions. While
several indexing methods have been proposed to enable selective access to XML data
over the XML stream, these methods do not extend to encrypted XML data. This paper
introduces a groundbreaking unit structure for the XML stream, termed SecNode, with the
explicit purpose of supporting the data confidentiality of XML data disseminated over the
wireless broadcast channel. Furthermore, two indexes, Min (NCS) and Min (NIS), are
defined for the SecNode structure to adeptly process XML queries over the encrypted
XML stream [19]. These innovations are geared towards fortifying the security and
enhancing the query processing efficiency of XML data within wireless broadcast
channels.

The "Database as a Service" (DBaaS) paradigm has garnered significant attention in
recent years, leading to concerns about the security of data stored on the servers. As
companies increasingly outsource their XML databases to untrusted parties, there is a
growing need for secure data storage and efficient query processing. This paper delves
into the realm of encrypted XML documents, exploring cryptographic index structures and
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the associated query-processing methodologies. The research provides a comparative
analysis of various algorithms found in the literature, offering insights into the diverse
approaches taken to address the security challenges inherent in outsourcing XML
databases to external entities [24].

The prevailing method for data publishing heavily relies on policies, guidelines, and
agreements to delineate the types of data deemed suitable for publication and the
permissible uses of the published data. However, this approach is prone to either
excessively distorting data or inadequately safeguarding privacy. Privacy-preserving data
publishing (PPDP) emerges as a solution, providing methods and tools to disseminate
valuable information while ensuring the protection of data privacy. In recent years, PPDP
has gained considerable attention in research communities, resulting in the proposal of
numerous approaches tailored to different data publishing scenarios. This survey
systematically summarizes and evaluates diverse PPDP approaches, delving into the
challenges encountered in practical data publishing. The objective of the review is to
elucidate the distinctions and requirements that differentiate PPDP from other related
problems. Additionally, the survey outlines potential avenues for future research in the
realm of privacy-preserving data publishing [31].

This paper introduces a novel XML stream structure designed to efficiently disseminate
XML data through a broadcast channel. The approach involves grouping and
summarizing the structural information of XML nodes to decrease the size of the XML
stream. This reduction in size translates to lower latency when retrieving specific XML
data over a wireless broadcast channel. The proposed XML stream structure incorporates
indexes, enabling the skipping of irrelevant parts within the XML stream. This feature
contributes to minimizing the energy consumption of mobile devices during the download
of XML query results. Furthermore, the suggested XML stream structure is capable of
processing various types of XML queries. Experimental results demonstrate its
effectiveness in enhancing the performance of XML query processing over XML data
streams, surpassing existing research works in terms of access and tuning times.[39]

This study addresses the implementation of a lightweight and energy-efficient encoding
technique known as lineage encoding to overcome challenges such as battery
constraints, thereby facilitating the development of a sustainable large-scale Wireless
Sensor Network (WSN). Our investigation centers on establishing independent
communication systems for mobile data collected in casual mobile environments. The
lineage encoding approach represents the parent-child relationships of XML nodes as a
bit-stream arrangement, referred to as lineage code (V, H). This method incorporates an
efficient twig pattern query processing for mobile clients. Through conducted
experiments, we aim to ensure minimal query processing time and maximize the
network's lifespan with the utilization of lineage encoding (LE). Simulation results indicate
that the large-scale WSN can support an unlimited number of clients across diverse
network conditions, demonstrating the effectiveness of lineage encoding in extending
network range and lifetime. [40]
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[ll. OVERVIEW

To address the security and privacy concerns in XML indexing for wireless data
broadcasting, a variety of XML indexing approaches are studied and analyzed in this
section. These methods concentrate on safeguarding confidential information and limiting
illegal access to indexed data [17]. Some of the techniques are depicted in figure 2:

D. XML Indexing Techniques

Figure 2: XML Indexing Techniques for Security & Privacy
A. Partial-Tree Indexing

As opposed to indexing the entire text of the XML document, partial-tree indexing only
indexes a subset of the XML document, such as particular nodes or properties. As less
sensitive data needs to be indexed and retained, this strategy is particularly helpful for
addressing privacy issues [18]. Only the chosen nodes or attributes are indexed in partial
tree indexing, and the index structure is constructed using the connections between these
nodes or attributes. This means that the index is based on particular passages of the
document that are regarded as relevant or significant rather than the entire text of the
document. Compared to other indexing methods, partial-tree indexing has several
benefits. As only the chosen nodes or properties must be indexed as opposed to the full
document, it enables more effective indexing and searching of big XML documents. This
may lead to quicker query processing times and less need for storage [3].

Moreover, by limiting the quantity of sensitive material that is indexed and retained,
partial-tree indexing can assist in easing privacy issues. Sensitive data can be omitted
from the index by indexing only specific nodes or properties, which can aid in preventing
unwanted access to sensitive data. When only a portion of an XML document needs to
be searched or when the XML document contains sensitive information that shouldn't be
indexed, partial-tree indexing can be especially helpful. In situations where there are
insufficient resources for indexing and querying huge XML documents, it is also a helpful
technique for mobile devices or other low-power devices. It is important to keep in mind
that Partial-Tree Indexing has some restrictions. For instance, it might not be appropriate
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in situations requiring full-text search or when the connections between nodes or
characteristics are intricate and difficult to represent in an index structure. Other XML
indexing methods, including full-text indexing, may be more appropriate in these
circumstances.

B. Encrypted Indexing

A method called encrypted indexing is used to safely index and search encrypted data,
including XML documents. In situations where sensitive data is stored or transmitted,
such as in cloud storage or wireless data broadcasting. This strategy is utilized to solve
security and privacy concerns [24]. Encrypted indexing's fundamental premise is to build
an index structure that enables effective searching of encrypted data without exposing
the plaintext data. This is accomplished by utilizing a secure encryption technigue to first
encrypt the data and a secure index structure to index the encrypted data. Three different
encrypted indexing schemes for wireless channel broadcasts are depicted in figure 3.

Figure 3: XML Encrypted Indexing Techniques

Using a searchable encryption method, such as a fully homomorphic encryption (FHE) or
a partly homomorphic encryption (PHE) scheme, is one method for implementing
encrypted indexing. Without disclosing the plaintext data, these approaches enable
effective search and retrieval of encrypted data. The same encryption approach is also
used to encrypt the index, enabling secure searching of the encrypted data [25].

Using a method known as secure multi-party computation is another method of using
encrypted indexing (MPC). With this method, several parties work together to safely
compute the index structure without disclosing any private information. The encrypted
data is then searched using the index without exposing the unencrypted data [26]. For
secure indexing and querying of sensitive data, encrypted indexing offers several
benefits. It offers a high level of security and privacy by encrypting the data and index
because the plaintext data cannot be accessed by unwanted parties. Also, it enables
effective searching of encrypted data without the need for data decryption, which can be
computationally expensive. Encrypted indexing does, however, have some restrictions.
For instance, performing the encryption and search procedures might be computationally
expensive, especially for huge datasets. The index structure might also not be as effective
as conventional indexing methods, which could affect search performance. Overall,
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Encrypted Indexing is a useful technique for securely indexing and searching sensitive
data, such as XML documents. It allows for efficient searching of encrypted data while
maintaining a high level of security and privacy. However, careful consideration must be
given to the choice of encryption scheme and the impact on search performance.

C. Access Control Mefichanisms

To implement security and privacy policies and limit access to the indexed data based on
a set of rules or policies, Access Control Mechanisms can be employed in XML indexing
for wireless data broadcasting as depicted in figure 4 [27].

Figure 4. XML Access Control Mechanism Indexing Techniques

Using XML Encryption and XML Signature standards to encrypt and sign the indexed
data is one method of access control in XML indexing. This can be used to guarantee the
integrity and validity of the data and limit access to the indexed data to only authorized
parties [28]. Another strategy is to limit access to the indexed data based on user roles
or permissions using access control lists (ACLs) or role-based access control (RBAC).
For instance, certain users might be given read-only access while others might be given
read-write access to the indexed data [29]. In the context of Access Control Mechanisms,
fine-grained access models like Attribute-Based Access Control (ABAC) complement
traditional access control methods by allowing more granular control over access
permissions. ABAC is an access control model that considers various attributes of entities
involved in a system to make access decisions. Entities include subjects (users or
processes), objects (resources), and the environment. XACML is a standard language for
expressing ABAC policies. It defines a flexible framework for specifying access control
policies based on attributes. Another method that can be utilized for Access Control in
XML indexing is the XML Security Gateway. In this method, a security gateway is installed
between the clients accessing the data and the XML data source, serving as a proxy. The
gateway can include monitoring and auditing capabilities to track user access to the
indexed data, as well as the ability to impose security policies including access control,
authentication, and permission [2]. The security and privacy of indexed data in wireless
data transmission are often ensured by access control mechanisms. Depending on the
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requirements and policies of the system, the choice of access control mechanisms may
combine encryption, signature, access control lists, role-based access control, and
security gateways.

D. Anonymization Techniques

XML data can have sensitive information removed or obscured while still being valuable
for analysis or indexing thanks to anonymization techniques. This is done to safeguard
people's privacy and to abide by privacy laws like the GDPR or HIPAA [30]. Some of the
Anonymization Techniques used for indexing XML data include in figure 5:

Figure 5: XML Anonymization Indexing Techniques

() Data Masking: This technique involves replacing sensitive data, such as names or
social security numbers, with a masking character, such as an asterisk or a hash.
This technique preserves the structure of the XML data but obscures the sensitive
information [30].

(i) Generalization: This technique involves replacing sensitive data with a more general
value, such as replacing the exact age of a person with an age range (e.g. 20-30).
This technique preserves the meaning of the data but obscures the specific details
[31].

(i) Perturbation: This technique involves adding random noise to the sensitive data, such
as adding a random value to a person's income. This technique preserves the
statistical properties of the data but obscures the exact values [32].

(iv) Suppression: This technique involves removing sensitive data entirely from the XML
data, such as removing a person's address or phone number. This technique
preserves the structure of the data but removes the sensitive information entirely [30].

The selection of an anonymization strategy may comprise a combination of techniques
and will depend on the particular requirements and policies of the system. To ensure that
the data is appropriately safeguarded while being valuable for indexing and analysis, it is
crucial to carefully assess the effectiveness of the anonymization technique used.
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E. Secure Data Transmission

Throughout the indexing process, Secure Data Transmission is employed to make sure
that XML data is securely transported from the source to the destination. This prevents
illegal access, interception, and manipulation of the data [33]. There are several
techniques used for Secure Data Transmission of XML data, including in figure 6:

(i)

(ii)

(iif)

Figure 6: XML Secure Data Transmission Indexing Techniques

Secure Sockets Layer/Transport Layer Security (SSL/TLS): This technique involves
encrypting the XML data during transmission using SSL/TLS protocols. SSL/TLS
protocols use a combination of public-key and symmetric-key encryption to ensure
the confidentiality, integrity, and authenticity of the data [34].

Virtual Private Network (VPN): This technique involves creating a secure tunnel
between the source and destination networks to transmit the XML data. VPNs use
encryption and authentication to ensure the confidentiality and integrity of the data
during transmission [35].

Secure File Transfer Protocol (SFTP): This technique involves encrypting the XML
data using SSH protocols during transmission. SFTP provides strong authentication
and encryption to ensure the security of the data [36].

(iv) Secure Shell (SSH): This technique involves encrypting the XML data during

transmission using SSH protocols. SSH provides strong authentication and
encryption to ensure the confidentiality and integrity of the data [37].

The system's requirements and rules will determine the best Secure Data Transmission
method, which may comprise a combination of methods. To make sure that the data is
adequately safeguarded during transmission, it is crucial to thoroughly assess the
efficiency of the Secure Data Transmission technique utilized.

F. Regulatory Compliance

The process of verifying that the transmission of XML data through wireless networks
complies with regulatory requirements and standards is known as regulatory compliance.
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The security and privacy of the data, as well as avoiding the financial and legal
repercussions of non-compliance, depend on adherence to regulatory requirements [38].
Some regulatory guidelines that may be relevant for indexing XML data for broadcasting
over wireless channels are included in figure 7:

Figure 7: XML Regulatory Compliance Indexing Techniques

() Federal Communications Commission (FCC) regulations: These regulations specify
the requirements for wireless communication devices, including the use of licensed
and unlicensed spectrum, power levels, and other technical requirements.

(i) General Data Protection Regulation (GDPR): This regulation applies to the protection
of personal data of European Union citizens, and requires that the data be processed
and transmitted in a secure and compliant manner.

(iif) Health Insurance Portability and Accountability Act (HIPAA): This regulation applies
to the protection of medical data, and requires that the data be transmitted in a secure
and compliant manner.

(iv) Payment Card Industry Data Security Standard (PCI DSS): This standard applies to
the protection of credit card data, and requires that the data be transmitted in a secure
and compliant manner.

Using suitable security measures, such as encryption, access control, and authentication,
to safeguard the data during transmission through wireless channels is crucial for
ensuring compliance with these legal requirements. Regular audits and assessments
should be performed to verify continued adherence to the pertinent regulatory
requirements.

IV. RESULTS AND FINDINGS
E. Comparison of Secured XML indexing techniques based on their key features

Here is a comparison of the different secured XML indexing techniques based on their
key features, advantages, and disadvantages:
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Table 1. Comparison of Secured Xml Indexing Techniques Based On Key
Features, Advantages, and Disadvantages

Indexing
Scheme\Parameters

Key Features

Advantages

Gaps

Partial-Tree Indexing
[18]

¢ Indexes only a

portion of the XML
tree to improve
efficiency and
reduce storage

e Improve query

performance

¢ Reduce indexing

overhead, particularly
for large XML

¢ not be suitable for all types
of XML data structures

¢ Result is incomplete or
inaccurate if the indexed
portion of the tree does not
include all relevant

requirements. documents. . .
information.
¢ Indexes encrypted Provides an * Add overhead and
XML data to P additional layer of complexity to the indexing
Encrypted Indexing protect it from security for XML and querying process

[19][24]

unauthorized
access

data, particularly
sensitive information

¢ Require additional
hardware or software to
support encryption

Access Control
Mechanisms
[2][20][27]

¢ Implements

security controls to
restrict access to
XML data based
on user roles and
permissions

Allows administrators
to control access to
XML data,

Prevents
unauthorized access
and data breaches

e Complex to implement and
maintain, particularly for
large and complex systems

Anonymization
Techniques [21][30]

e Removes or

obfuscates
personally
identifiable
information (PII)
from XML data to
protect user
privacy

Reduces the risk of
data breaches
Protects user
privacy, particularly
for sensitive
information

¢ Result is incomplete or
inaccurate data if too much

o Difficult to implement for
complex XML data
structures

Secure Data
Transmission [22][33]

e Implements

encryption and
other security
measures to
protect XML data
during
transmission over
wireless channels.

Provides a secure
method for
transmitting XML
data over wireless
channels, reducing
the risk of
interception or
unauthorized access.

¢ Add overhead and
complexity to the
transmission process

¢ Require additional
hardware or software to
support encryption.

Regulatory
Compliance [23][38]

e Ensures

compliance with
relevant regulatory
guidelines and
standards for the
storage and
transmission of
XML data.[1]

Ensures that XML
data is stored and
transmitted in a
secure and compliant
manner, reducing the
risk of legal and
financial penalties.[1]

¢ Add overhead and
complexity to the indexing
and querying process

e Require additional
hardware or software to
support compliance[1]
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The research gaps between XML indexing techniques concerned about the security and
privacy of XML data are described here to answer the first question i.e. “What are the
gaps in the existing knowledge about XML data security and privacy-preserving XML data
indexing techniques within the context of wireless data broadcasting?”. In conclusion,
depending on the particular system requirements, each XML indexing technique has pros
and cons. For an XML data indexing and broadcasting system to be secure and
compliant, a mix of these methods might be necessary. To determine which indexing
method is best for a specific system, it is critical to assess and contrast different methods
based on significant criteria such as security, privacy, efficiency, scalability, complexity,
flexibility, accuracy, usability, cost, and regulatory compliance.

A.Comparison of Secured XML Indexing Techniques Based on Concern
Parameters

Several parameters can be used to compare various XML indexing techniques that
address security and privacy issues in wireless data broadcasting. Some of these
parameters include:

(i) Security: The effectiveness of the technique in providing secure storage and
transmission of XML data.

(i)  Privacy: The ability of the technique to protect the privacy of XML data by preventing
unauthorized access, interception, or disclosure.

(i) Efficiency: The performance of the technique in terms of indexing and querying
speed, storage requirements, and processing overhead.

(iv) Scalability: The ability of the technique to handle large volumes of XML data and
support a growing number of users.

(v) Complexity: The complexity of the technique in terms of implementation,
configuration, and maintenance.

(vi) Flexibility: The ability of the technique to support different types of XML data
structures and query types.

(vii) Accuracy: The accuracy of the technique in terms of indexing and querying results.
(viii) Usability: The ease of use of the technique for developers and end-users.

(ix) Cost: The cost of implementing and maintaining the technique, including hardware,
software, and personnel costs.

(xX) Regulatory compliance: The extent to which the technique complies with relevant
regulatory guidelines and standards.

It is feasible to assess and compare different XML indexing strategies for how well they
solve security and privacy concerns in wireless data broadcasting by taking these factors
into account. The technique selected will be determined by the particular guidelines and
rules of the system as well as the relative weight of each parameter.
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Table 2: Comparison of Various Secured Xml Indexing Techniques Based On Various Parameters

XML

Scalabilit

Complexi

Flexibilit

Techniques Security Privacy Efficiency y ty y Accuracy Usability Cost
Provides weak Improve Not Incomplete
security not as Improves scalability . suitable or M_ore user- O(log h) where h
Does not query Simple to inaccurate friendly as | . .
. strong as . for large ; for all . i is the height of
Partial-Tree provide any performance implemen results if only | they require L
. encrypted , XML types of 2 the tree. Divided
Indexing[18] | . ! privacy and reduces tand a subset of minimal . )
indexing or rotection indexin document maintain XML data the XML user into non-partial
access control | P ' 9 S. * | structures . ; . and partial tree.
X overhead documentis | interaction.
mechanisms. )
indexed.
Require
Provides Provides additiona | Complex Traditional dsse
strong privacy Add I to achieves optimal
security by protection by overhead hardware | implemen Does not More user- | bandwidth
: ) Used . :
encrypting encrypting and or tand . impact the friendly as | overhead of o(r),
Encrypted . o with any . .
. XML data, XML data, complexity software | maintain, accuracy of they require | wherer is the
Indexing[19] : . . : type of g
[24] ensuring that it | ensuring that to the to support | particularl xml data the xml data | minimal number of data
can only be only indexing and | encryptio |y for large user corresponding
: : structure. : . X
accessed by authorized querying n and and interaction. | with the
authorized users can process. may complex search/update
users. access it. affect systems. query [41].
scalability
Complex The proposed
. labeling scheme
. Provides to . . o
Provides - Customiz | Improve . is superior in
some level of | Complexto | Challengi | implemen require
strong : . ed to accuracy by terms of the
. privacy implement ng to tand . : users to
Access security by . Co o~ different ensuring that . number of
: protection by | and maintain, | scale for maintain, provide
Control controlling . . : user roles | users only . _.. | nodes used to
: controlling particularly large and | particularl authenticati
Mechanisms[ | access to XML and see xml data search for the
access to XML | for large and | complex y for large o on .
2][20][27] data based on permissio | thattheyare | . . proper location
data based on | complex systems. | and ; information
user roles and ns. authorized to of anode, and
o user roles and | systems. complex ;
permissions. L access. the location
permissions. systems.

searching time.
[42]
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Result in |
incomplete Complex
or to Impact The d-
. Provides ; Be implemen P . require dependency
Provides weak . inaccurate difficul d N accuracy if dditi | i h
security by privacy data if too ifficult tand ot t00 much additiona privacy scheme
Anonvmizati | removin protection by much to scale maintain, | suitable information is | PrOcessin provides
on y personaﬁy removing information is for particularl | for all removed gto additional
. ! - personally complex y for types of . remove protection
;f]c[ggfques[ :gi?orm?:tti)cl)i identifiable :ﬁ?ot\)/:d and XML data | complex XML data ]E)Oa:rggtrjrl]arlleyx sensitive beyond current
f information 2y structures | XML data | structures b information | privacy-
rom XML from XML difficult to structures XML data reservin
data. implement structures. P ng
data. properties.
for complex [44][45]
XML data
structures.
. Provides
Prowdes privacy Complex .
security rotection to Impact More expensive
during surin Adds Affect implemen | Used usability to implement and
transmission transgnssion overhead scalabilit | tand with any | Does not due to the maintain due to
Secure Data | of XML data of XML data and y for large | maintain, | type of impact the overhead of | the additional
Transmissio | over wireless over wireless complexity to | XML particularl | XML data | accuracy of encryption hardware or
n[22][33] channels by channels b the document | y for large | structure. | the XML and software
implementing im Iementiz transmission | s. and data. decryption. | required to
encryption and engryption a?1 4 | process. complex support secure
other security . systems. transmission.
measures other security
' measures.
Ensures ?gr(rj]plexi Customiz | Ensures that
Ensurgs security by Add Affect ty to the ed to xml data is
security by . overhead ] comply stored and The LRSL can be
. storing and scalabilit | implemen . ; XML
storing and o and . with transmitted used to shape
Regulatory o transmitting . y for large | tation and . . enables " .
. transmitting h complexity ; different accurately in the conditionality
Compliance] ; XML data in and maintena . data
XML data in a . to the regulatory | compliance ; .| of regulatory
23][38] compliance ; : complex nce of xml 2 ; interoperabi
secure and X indexing and . ; guidelines | with relevant | |. coverage. [46]
. with relevant . systems. indexing : lity. [46]
compliant privacy querying systems and regulations
manner.[1] process. " | standards | and

regulations.[1]

standards.[1]
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V. ANALYSIS

Overall, the analysis shows that each XML indexing method has pros and cons in terms
of security, privacy, efficiency, scalability, complexity, flexibility, accuracy, usability, cost,
and compliance with legal requirements. For big XML documents, partial-tree indexing is
effective and scalable, but it offers no security and no privacy protection.

Even though encrypted indexing offers high protection and privacy, it may complicate and
burden the indexing process. Strong security and some privacy protection are provided
by access control mechanisms, but their implementation and upkeep can be challenging.
Although some amount of security and privacy is provided by anonymization techniques,
doing so for intricate XML data structures can be challenging.

While ensuring confidentiality and privacy during transmission, secure data transfer may
also increase complexity and overhead. Regulatory Compliance measures ensure
compliance with industry security standards but may add complexity and overhead to the
implementation process.

All indexing methods are capable of delivering great accuracy in terms of data retrieval
and query performance. Nevertheless, partial-tree indexing and encrypted indexing
approaches can provide greater accuracy than other methods because they offer
improved indexing strategies that make it possible to search for and retrieve particular
data pieces quickly.

Access Control Mechanisms and Anonymization Methods can influence usability
because they may make it more difficult for users to obtain data. Because they need less
user input, Partial-Tree Indexing and Encrypted Indexing might be more user-friendly.
The overhead of encryption and decryption may have an impact on usability during secure
data transmission.

Cost varies according to the implementation's specifics and required levels of security
and privacy, with Anonymization Methods and Encrypted Indexing perhaps being more
expensive due to higher processing demands.

Due to the requirement for additional hardware or software to handle access, access
control mechanisms may also result in cost increases. Measures for Regulatory
Compliance, Secure Data Transfer, and Partial-Tree Indexing are typically less expensive
to adopt. Last but not least, Regulatory Compliance is essential for guaranteeing
adherence to industry security standards, and it is frequently achieved through the use of
Access Control Mechanisms, Anonymization Methods, and Encrypted Indexing.

Furthermore, crucial to compliance are partial-tree indexing, secure data transmission,
and regulatory compliance methods, the latter of which are created particularly to satisfy
regulatory criteria. And may be the most effective solution for ensuring compliance.
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VI. CONCLUSION

Two research questions have been raised and answered in this paper. The first question
is “What are the gaps in the existing knowledge about XML data security and privacy-
preserving XML data indexing techniques within the context of wireless data
broadcasting?”. To answer this question, a detailed study has been done and highlights
all the gaps between XML indexing techniques. The second question is “Can a one-size-
fits-all security approach be identified to effectively tackle security and privacy concerns
in the indexing technique for wireless XML data broadcasting?” To answer this question,
the choice of a suitable XML indexing method depends on the organization's unique
needs. It includes those for security, privacy, efficiency, scalability, complexity, flexibility,
accuracy, usability, cost, and regulatory compliance.

Before deploying an indexing solution, organizations must thoroughly assess their unique
demands. Each technigue has advantages and disadvantages. It's also crucial to
remember that combining various indexing strategies can result in a perfect answer that
satisfies the demands of both security and legal compliance. Finally, while preserving the
confidentiality and privacy of sensitive data, a well-designed and executed indexing
system can considerably increase the efficiency and efficacy of XML data retrieval and
guery performance.
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