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Abstract: XML and JSON are commonly used data exchange formats that are widely in use in wireless networking 
environments. The verbose and redundant nature of XML documents incurs huge transportation overheads in data 
communications. JSON is a data format that reduces the document size; but its scope is confined to text and numeric 
data. Also due to the reasons such as lack of schema and limited interoperability features, JSON is more suitable for 
web based applications, compared to wireless or mobile environments. Since the literature reports serious concerns 
about the performance of existing data exchange formats in resource constraint networks, there is scope for a 
lightweight data exchange mechanism.  This paper introduces a new lightweight, schema aware data exchange format 
for data representation and interchange. The proposed format, called LXML, is schema aware and non-binary format 
based on the XML standards and has the potential to be an alternative format for XML and JSON in a wireless 
environment. Experimental findings indicate that LXML is a less verbose and efficient data exchange format and its 
performance is found to be better than the existing non binary data exchange formats. 
 
Index Terms: Mobile Computing, Data Exchange Schemes, XML, JSON and LXML. 
 
 

1.  Introduction 

The applications running on handheld devices such as tablets or smart phones have a clear separation between the 
front end, the business logic and the back end.  In the majority of enterprise applications, this back end data service is 
provided by the Customer Relationship Management (CRM) systems or a server.  The major challenge in developing 
services to such devices is the transfer of data between the front end and back end. Interoperability is a major concern in 
dealing with distributed mobile applications that exchanges information between devices and other systems. 

Mobile and related communication technology is pervasive and is growing at a rapid pace. To yield its optimum 
benefits, it requires modern support infrastructure, support services and specialized task force to manage the distributed 
environment. Statistics reveal that the total number of smart phone users has crossed over 3 billion in 2020 and the 
global mobile workforce is expected to reach 1.87 billion by 2022 [1]. Unfortunately, supporting these huge 
requirements for wireless communications, existing network infrastructure and technologies are being reused.  
Increasing connectivity and improving the efficiency of the existing systems, protocols and standards is expected to 
improve the situation. 

Since the infrastructure in wireless environments is found to be inadequate to support its growing need, there is a 
scope for improving the efficiency of the existing technologies. Considering the exchange of the data, the common 
standards used by organizations are XML and JSON. For accessing web services, the Simple Object Access Protocol 
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(SOAP) and Web Service Description Language (WSDL) use XML for expressing its parameters [2]. Similarly, XML 
RPC, an XML based information interchange protocol mostly relies on XML for data exchange [2]. Since XML and 
JSON raise many serious concerns in data transmissions [3], an improved format can play an important role in data 
communication especially in distributed mobile environments.   

2.  Resource Constraint Networks (RCN) 

Advances in the fields of communication and technologies facilitated the growth of mobile devices and allied 
services; these developments opened a new realm of computing. Due to the inadequacy of infrastructure facilities to 
cope with the exponential growth in the mobile computing arena, conventional networking resources have been utilized.  

The wireless mobile devices and wireless network have many limitations. The screen size and resolution of a 
mobile device is much smaller when compared with personal computers. Such devices require a data representation 
with fewer character sets to suit the mobile environment. Limitation in storage capacity and caching is another 
constraint in the mobile environment. To improve the responsiveness of applications that depend on online/offline 
transactions, storage and caching is essential [4,5]. 

Another important constraint with mobile wireless environments is the limited capacity of battery power. In mobile 
applications, a huge amount of battery is consumed while transmitting, receiving and processing online data through 
transactions [6]. Applications that sink data from server or cloud require syncing the data periodically through a process 
known as polling. Polling heavily consumes battery power [7]. Wireless communication protocols such as WLAN and 
Bluetooth together with mobile data usage through network providers also considerably increases battery power 
requirements [7].  

The lower processing speed in mobile devices is also a concern in a mobile environment. Processing huge volumes 
of data constantly reduces the device response time [8].  

Increased dependency to traditional network infrastructure for wireless medium, causes frequent failures and 
latencies [4]. Since mobile devices demand instant responses for their queries and updates, even latencies that may be 
tolerated by a user in wired devices, are unacceptable in mobile devices. Lack of reliability in wireless networks and 
latencies should be reduced. The unreliable connection leads to retransmission of data. In a medium with low bandwidth, 
frequent retransmission of data adversely affects the user's comfort and increases the delay in processing to a large 
extent.   

Chances of security breach are another major concern in the mobile environment. Nowadays XML based web 
services are commonly used for data transmission. Here security is implemented mostly using secure socket layer (SSL) 
and encryptions. But such a level of security is not sufficient in a wireless environment which is an entirely different 
platform with a large number of devices [9,10]. Security should be implemented at element levels rather than at 
document level. 

Unlike the traditional environment, here the battery power is consumed for operating the device. The power 
consumption depends more on the amount of data transmitted than that consumed by CPU cycles [8].  

Enhancing wireless mobile device applications with a data exchange format that can help in reducing the amount 
of polling, minimizing the amount of data transmitted, reducing processing time, designing models that can tolerate 
delays, and resolving network related issues can improve the performance of wireless mobile applications to a large 
extent [4].  

Affordability of smart phones is still another issue that is left unaddressed. Even though the number of global smart 
phone users was 3.6 billion [11-13], only one-third (35.13%) of the world population afford a smart phone. While 81% 
of Americans own a smart phone, the smart phone penetration ratio in Bangladesh is 5.4%. Also, statistics reveal that 
only 4% of the adult population in Ethiopia and Uganda own smart phones [11]. 

Studies reveal that 70% of the total web traffic happens using mobile phones [14]. While accessing social media 
people prefer mobile phones over desktop or laptop systems. It is projected that the mobile data traffic is supposed to 
increase by 700% by 2021 [15].  

Increase in the number of mobile users and data traffic, at the same time lack of adequate support infrastructures; 
underline the need of a lightweight data exchange mechanism in mobile wireless environments. 

The basic objectives of this research are to develop an alternative data exchange format for mobile and wireless 
environments that possess the desirable qualities of existing formats at the same time less verbose and low processing 
overhead. Existing data exchange formats are designed and developed for wired communication environments where 
document verbosity and its processing time is less concerned. Reusing such technologies in a resource constraint 
environment reduces the efficiency, wastes the resources and are not advisable.  

Many researchers have targeted on measures to enhance the performance of XML and JSON. Binary XML and 
BSON are examples of such enhancements. Also, researches are carried out to develop alternative data exchange 
formats including ProtocolBuffer developed by Google Inc. [16]. Though binary formats are better than the non-binary 
formats, they are not human readable like XML. This paper introduces a new data exchange format called Lightweight 
XML (LXML) that is expected to be well suited for mobile and wireless environments. The paper is organized as 
follows: Section 2 outlines the state of the art. Section 3 is about the desirable characteristics for a data exchange format. 
Section 4 discusses the proposed format. Section 5 discusses document handling in LXML. In Section 6, performance 
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evaluation is discussed. Section 6 concludes the findings. 

3.  Literature Review 

The term data exchange refers to the set of data communicated between two applications. In a scenario where there 
are multiple data sources, different data categories, variety of data attributes, numerous data distributors and assessors, 
the data exchange formats play a vital role in communication. They mainly bridge the gap between the providers and 
data acquirers.  

The major concerns when designing an exchange format are interoperability and data transfer. The available data 
exchange formats can be broadly classified as binary and non-binary formats used to represent big data. Since binary 
formats are not human readable, emphasis is given to non-binary formats. This section surveys the existing non binary 
data exchange mechanisms available in literature. 

Applications mostly rely on two standard formats for structuring and interchanging data - XML and JSON. While 
XML is a mark-up language based on a set of specifications, JSON is purely a data format for JavaScript applications. 

3.1.  XML 

XML is a simplified mark-up language derived from the Standard Generalized Markup Language (SGML). XML 
is used to specify the structure and content of data in a text based document. It is a generalized data exchange format 
between applications on the internet. XML is considered as the basic data exchange format for heterogeneous 
ubiquitous environments such as business to business (B2B) transactions, web services, Web Service Description 
Language (WSDL) and personalised content delivery [17]. 

An XML document contains a set of user defined mark ups that encloses the data referred as tags.  The 
organization of the XML document is controlled by the Document Type Declaration (DTD) that precisely defines the 
XML. 

XML plays an important role in numerous areas in computing such as data communication, data storage and 
retrievals. Programmable web services are based on XML. It is used as a standard message format for Simple Object 
Access Protocol (SOAP). Mobile based distributed applications use XML messaging for communicating with remote 
devices and servers over wireless networks.  

XML is a mark-up language that describes the organization and content of a document with structured and semi-
structured data. Even though XML focuses only on document operations in structured and semi structured data, its 
pitfalls in dealing with semi-structured data is yet to be addressed [18]. The important advantages of XML include: 
simplifies the data exchange between devices and databases, improves data availability in heterogeneous systems, 
human readable, supports Unicode and is based on international standards, and self-documenting structure with strict 
syntax and schemas [19,20]. 

XML uses a hierarchical structure for organizing data using tags. XML documents are dynamic, extensible and are 
easy to manage changes. 

Human readability of XML is due to the abundant use of tags supported by it. In XML, data is organized in a 
hierarchical structure using tags. There will be a root tag that encloses all the whole document. Inner tags that are 
enclosed inside the root tag will be a data tag holding the atomic data or a container tag that contains another tag. The 
container tags may nest other containers (repetitive groups) or data tags. This nesting can go to any number of levels. 

The verbose nature of XML is due to the use of tags. Removing tags can reduce the size of the document and 
hence decrease the processing and transmission time to a large extent [17,20]. 

3.2.  Issues of XML in RCNs 

Applications of XML documents can be viewed in different scenarios such as a platform neutral mechanism data 
exchange, platform independent database storage and retrieval option, configuration and metadata retrievals. Even 
though XML is the de-facto standard in platform independent data exchange, its use in especially resource constrained 
environments has many limitations [17,19-23].  

 
• XML documents are verbose in nature due to the use of a large number of descriptive tags [21]. Every data 

item is enclosed between open and closing tags. In a normal case, a XML document contains less amount of 
data when compared to the total size of the document. In worst cases, the amount of data can shrink up to 1/5th 
of the total file size. 

• The redundant tags increase in file size and thus may cause inefficiency in parsing the file and transmission of 
files through a network.  Parsing a large XML file requires more memory and consumes much processor time. 
The file size is positively correlated to the cost of network transmission. Due to this compression techniques 
are to be employed to reduce the file size prior to transmission. 

• Designing data structures for handling XML is quite hard as it encourages non-relational data structures. It 
enforces a large overhead in accessing information. 

• XML does not directly map to object models as in JSON. It creates certain confusions while parsing in 
JavaScript friendly environments.   
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3.3.  JSON 

JSON is a light weight, human readable, text based data exchange format. The JSON format considerably relies on 
the concepts of arrays and lists available with JavaScript. JSON is not a document format or a mark-up language like 
XML but simply a schema less representation of structured data. Here data is presented in the form of a key-value pair. 

JSON is widely supported in many programming languages, databases and web services. JSON includes a minimal 
set of data types and is more generic in nature. It is a good option for porting data between applications developed in 
different languages [19].  

Even though JSON is a concise text based and flexible data interchange format supported by many programming 
languages and relational databases, it possesses many shortcomings such as: absence of schema - since the schema 
helps to check the validity and well forms of the document, the changes of data corruption is higher in JSON due to this 
reason, JSON is more generic. It supports only IEEE-754 double precision format for numbers. Similarly, there is no 
specific format for representing date and time, poor readability for large documents - JSON does not support comments, 
not extensible as XML, verbosity, unavailability of namespaces, difficulty to represent data other than plain texts, and 
security issues - JSON are commonly used with REST based web services due to its easiness in implementation. 
Sniffing JSON strings can easily figure out the object properties and alter the values. Such security breaches are also a 
concern for using this format [9,19,23,24]. 

3.4.  YAML 

YAML is a data transmission and serialization standard used by programming languages. YAML is a lightweight 
and human readable standard used in applications that store, process and transmit data [25]. YAML presents data in 
both text format and by using native data structures.   

Both JSON and YAML are data interchange formats having many similarities in common. While JSON focuses on 
simplicity, universality and the ease of processing, YAML focuses on data serialization using some native arbitrary 
structures.  

XML and JSON are not related in any manner. XML is a generalised mark-up language whereas YAML is a 
serialization language. YAML can be considered as the superset of JSON [26]. XML focuses on structuring and 
imposes many constraints in that sense. There are no such constraints in YAML. 

The advantages of YAML includes   human readable, easy to use and implement, extensible, portable between 
applications and programming languages, availability of native data structures that matches with agile programming 
languages, availability of consistent models to support generic tools, and schema awareness [26]. 

Every programming language has a certain level of comfort with YAML, yet it is not as popular as XML or JSON 
because of the following reasons [27]: it provides different views to represent data and its relationships, it is very 
complex when processing the document, it relies much on indentation formatting, a minor change in intent may result in 
processing failures, it does not support annotation information and block comments in the document, and it does not 
preserve order for key-value pairs in map types. 

3.5.  Protocol Buffers and Massage Pack 

The protocol Buffers[16] and Massage Pack[28] are two recently data exchange formats developed  as an 
alternative to XML and JSON. These formats considerably reduce document size and hence the amount of data 
communicated can be increased. Protocol Buffer is a platform and language independent format for serialising 
structured data developed by Google Inc. Message Pack is a compact form of JSON that attempts to serialize arbitrary 
data structures with type tags. It provides no structure validation and it is not schema based [28]. 

The limitations of existing formats clearly describe the need of a data exchange format that retains the extensible 
nature of XML and is more efficient while transmission and processing. Otherwise, applications that make use of XML 
will strain in networks with smaller bandwidth and fewer infrastructure resources.  

The literature survey clearly underlines the need of an alternate messaging format in wireless environments due to 
the following reasons:  
 

• Verbose nature: XML is the most common mechanism used to transmit data which is verbose in nature [29]. 
Due to the heavy and redundant use of tags and other elements, the standard formats such as XML and JSON 
are considered as verbose in nature [30]. Mobile business applications deal with transactions of varying sizes. 
When verbosity increases, the energy consumption and transmission costs increase dramatically in a mobile 
environment. To reduce the verbosity of the XML the following approaches can be used: compression and 
decompression techniques at sending and receiving ends, and use of middleware components to enhance 
performance by reducing the transmission impacts. Both these methods are costly in a resource constraint 
environment. Another solution is to use JSON, which is a promising format. But it has many limitations [31-
33] for its use in the constrained wireless mobile environment. Thus, it can be concluded that XML and JSON 
are not suitable in resource constrained wireless environments.  

• Processing: The libraries used for processing XML consumes much memory and CPU cycles. Use of such 
libraries hinders the processing speed of an XML document as the file size increases. Even though object 
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mapping techniques are available with JSON, the document structure creates complications in processing and 
hence affects the processing performance [29,34].  

• Extensibility: XML format is extensible due to the ability to add additional tags, attributes with the help of 
CDATA sections. But it increases the verbosity of the document and reduces the content density to a large 
extent. JSON formats are inextensible and do not support namespaces. It is simply a data interchange format 
[3]. 

• Environmental Restrictions: Though the standard formats are suitable in traditional environments, the diverse 
nature of wireless environments imposes many restrictions that hinder their use in constrained wireless 
environments. 

3.6.  Desirable Characteristics of a Data Exchange Format 

Considering the restrictions that are inherent in a mobile environment, the most important quality that a data 
interchange format should possess is to reduce the bulkiness of data or verbosity of the document. The desirable 
qualities that a data interchange format can be outlined as follows [27]: (Structure: There should be a common structure 
for the document, that is concise, human readable and at the same time easily parable. The structure should pertain to 
the data relationships such as hierarchical and tree, Interoperability: A format should be language independent, concise 
and should be easy to extract the data under any platform, Extensible: The format should follow a free-form structure 
and should not impose any specific constraints such as the need of fixed tags as in html. Also, the format should be 
capable of accommodating features that could be added later, Schema awareness: the document should have associated 
schema to validate the well form and semantic properties of the document, support to text, binary and other types of 
data, and based on existing standards and capable of coexisting with them. 

All these criteria may not be applicable in all scenarios but certain criteria will overrun others depending on the 
need of the situation.  

4.  Methodology 

This is applied research that attempts to refine the existing prominent data exchange format without losing its 
qualities to suit resource constraint networks. As more business is being migrated to the mobile platform due to the 
current pandemic scenario, the chances for upgrading infrastructure in the wireless environment is a far possibility to 
accommodate the exponential growth in data generation. One possible attempt is to change the technology used to 
exchange data. This underlines the relevance of this research that enhances the way the data is communicated in a 
wireless environment. 

Real production data from business application is considered for evaluating the performance of new message 
format and analysing it with the existing prominent formats like XML and JSON. In this evaluation, six parameters are 
chosen that are critical in wireless communication arena are considered. The sample documents are classified into three 
categories based on size to generate three scenarios - applications that send and receive large amounts of data, 
applications that handle medium sized data chunks and small sized chunks. Here platforms and network conditions such 
as bandwidth, buffer size, and hardware architectures are kept constant for sending and receiving the data during the test. 
The results thus obtained provide quantitative comparisons and qualitative insights into various data exchange formats 
against LXML that helps to optimize the data communication. Thus, obtained quantitative measures can be used for 
capturing the performance of different data exchange formats. 
 

 
Fig.1. An XML document with its level numbers for tags
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5.  Lightweight XML (LXML) - an Alternative Data Exchange Format 

In this section, a data exchange format called LXML is proposed as an alternative to XML. It’s an XML-like 
format. In the LXML format, all the tags in the XML document are replaced by level numbers, except the root tag. Root 
tag is kept as such to identify the document or transaction. The first tag inside the root tag is given at level 0. All its 
siblings are also considered at the same level. A nesting inside the tag increases the level number by 1 (Refer Fig. 1).  

Now, to create the message, the root tag is kept as such without using angle brackets or closing tags. This is 
followed by a pattern like <level Number> data. A sample XML format and its corresponding LXML format is as 
shown in Fig.2. 
 

 
Fig.2. XML document and its corresponding LXML format 

For nested tags only level numbers are specified as shown in Fig.3.  
 

 
Fig.3. XML document with nested tags and its corresponding LXML format 

There will be situations, when a collection of nested tags and atomic tags repeatedly occurs in the document as 
shown in Fig.4. A shift from nested tag to atomic tags can be identified by a decrease in the level numbers as shown in 
Fig.4. 

 

 
Fig.4. XML document containing nested and atomic tags and its corresponding LXML format
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5.1.  Handling Attributes 

Atomic tags as well as container tags will have attributes associated with the tags to specify specific properties. To 
associate the attributes in the LXML format, attributes are given to corresponding level numbers that designate a tag. 
Fig.5. illustrates the attributes given to both types of tags- atomic and container tags. 
 

 
Fig.5. XML document with attributes and its corresponding LXML format 

5.2.  Schema Awareness and Extensibility 

Adherence to schema is helpful in structuring and organizing a document. It is also helpful in processing and 
extracting data contained in the document. LXML uses a reference XML for extracting and processing the data 
contained in the document. The reference XML is defined for each LXML document that defines the mapping rules 
associated with it. The reference XML contains the exact tag names as given in the corresponding LXML document but 
the data and nested tags can be removed. The reference XML acts as the schema for LXML. It needs to be defined once; 
any number of LXML records could be added as per the schema. 
 

 
Fig.6. An XML document, its corresponding LXML format and reference XML 

An invoice XML document with a large number of product details and corresponding LXML format and reference 
XML is shown in Fig.6. The reference XML thus defined is independent of the size or number of records available in 
the LXML document and remains unchanged.   

LXML strictly adheres to its schema on document structure. Also LXML does not require any additional tags to 
store schema related data. In LXML, the validity and structure is compared with the mapping document, which is 
already defined for a document; any mismatch can be easily traced and isolated. 

In LXML, all data is defaulted to string and other types should be specified as attributes to the corresponding tags 
while defining the reference XML. This is a drawback of LXML schema - the inability to specify name spaces and data 
types for each tag. 
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6.  LXML Document Handling 

An LXML document can be generated easily from the XML document or can be independently created according 
to the user's needs. An LXML document generated from an XML is expected to be easier, less verbose and less error-
prone compared to XML. The steps in generating and processing a LXML is represented in the Fig.7. 

 

 

Fig.7. Steps in Document Handling 

6.1.  LXML Generation 

LXML document is generated from the XML document.  It exploits the hierarchical representation of data in an 
XML to avoid the excessive use of tags (Fig.8).  

 

 
Fig.8. Generating LXML document 

6.2.  LXML Parsing 

XML parsing is the process of extracting information from an XML document. There are different XML parsers 
available such as DOM parser and SAX parser. Each of them scans through the document, breaking into smaller and 
smaller chunks to fetch the data. Even though data representation using XML is simple, the processing of XML 
documents to extract the data is very expensive in terms of processor time and memory requirements [35]. 

Parsing an XML document and converting it into objects is a difficult and time consuming operation due to the 
strict inherent structure restrictions and validation techniques [22]. Also the DOM libraries used for parsing and 
processing the XML document consumes much memory. About 99% of this processing overhead is incurred while 
parsing the XML document [36-38]. The document size and the use of more attributes to XML tags contribute in 
reducing the parsing performance. In addition to this, formatting data as required in XML schema can also consume 
memory. LXML parsing can be performed in two steps: (i) Creating data objects (DO), and (ii) mapping. 
 

 
Fig.9. The XML, LXML and the corresponding DO binding class 

Data Object (DO) is a class or a user defined data type with a number of data members corresponding to the 
number of distinct tags in the XML document. There should be a one to one relationship between tags and the members 
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in the DO for extraction. In addition to the data members, the DO contains setter and getter methods for each data 
member. A sample XML document with its LXML alternative and data binding class is shown in Fig.9 and Fig.11. 

An LXML document may correspond to multiple DOs. A single LXML document with multiple DOs and binding 
class is depicted in Fig.11.  
 

 
Fig.10. Extracting data from LXML document 

Mapping or binding is the process of assigning each LXML value to a data member in the DO. The mapping rules 
given in the reference document is the basis for data extraction as depicted in Fig.10. The mapping is done based on 
level numbers. LXML data with same level numbers can be split and dynamically assigned to the DO easily. An LXML 
document with repeating groups will generate an array of DOs. The DOs later can be easily stored to a relational 
database or presented to the user interface as required. 

 

 
Fig.11. The XML, LXML and the corresponding DO binding class 

The algorithm to parse the LXML document is given below 
 
Input: Data in XML form 
Output: LXML String 
1. Set level number l as 0 
2. If the document has a non-empty root node 
  Add node to the resultant LXML  
3. For each child node T in the XML document, do 
 3.2. If T is a simple node 
  Extract the data from the node and add to the LXML as <level No> data 
 3.3 If T is a container node 
  Increase the level number 
  Repeat step 3 for each child of T 
  Decrease level number 
4. Stop 



A lightweight Data Exchange Format for Mobile Transactions 

56                                                                                                                                                                       Volume 15 (2023), Issue 3 

7.  Performance Evaluation 

The primary necessity for an improved messaging format is to increase the efficiency of data transmission. This is 
very critical in resource constraint networks like mobile messaging environments [39]. The performance of the 
proposed LXML method is evaluated considering the following performance parameters: verbosity, 
contentdensity,parsing overhead, serialization &deserialization time, marshalling &un-marshalling time, and 
transmission time. 

Verbosity is a factor of document size. As the verbosity of a document increases, transmission overhead also 
increases. So a less verbose format is more suitable for data exchange. Content density is the ratio of data contained 
against the total size of the document. A format with content density 1 is considered as more efficient. Adding more 
meta-data like information pushes the content density towards 0.    

Processing speed is more important in wireless environment as mobile devices have less processing power 
compared to static devices [40,41]. So the amount of time required for process the document should be minimal. 
Serialising and de-serialising of objects is performed before and after transmission. A minimal serialization and de-
serialising time is considered as apt in resource constraint environment. Similarly, a minimal time requirement for 
marshalling and un-marshalling the document is the expected behaviour. 

Transmission time is the time required for transporting the data. Transmission time is critical as it depends on the 
amount data, bandwidth and the network infrastructure. The transmission time should be kept minimal and to reduce the 
time, amount of data should be kept minimal as bandwidth and infrastructure is out of hand. 

For the ease of evaluation, documents are classified into four categories depending on the size as shown in Table 1, 
based on the discussion in [36]. 

Table 1. Data Sets for Experiments 

 File Size No of Records 

Very Small In KBs 1-20 

Small Less than 0.5 MB 100-1000 

Medium 0.5 MB to 1 MB 1000-20000 

Large Above 1 MB 100000-150000 

 
The sample file sizes opted in each category are as given in Table 2. 

Table 2. Sample file sizes for performance evaluation 

Format Very Small (Size in KB) Small (KB) Medium (KB) Large (KB) 

XML 4.57 376 603 2190 

JSON 3.90 314 689 2307 

LXML 2.52 209 309 1342 

7.1.  Experiment Setup 

The environment to test the proposed format is configured using a laptop and a mobile phone. The laptop has a 
core i3 processor with 4GB RAM and Microsoft Windows 10 as operating system. The mobile phone has Android 
version 9 as the operating system. The laptop has JDK version 1.8 installed. JABX toolkit and Jackson API [42] are 
used for marshalling and un-marshalling XML and JSON objects. SoapUI tool is used for simulating servers.  The 
experiment is carried out with sample files of varying sizes. The data set is chosen with at most care and each 
experiment is repeated at least three attempts and average value is taken to ensure the accuracy and the reliability of the 
simulation.  

7.2.  Verbosity 

The verbosity of prominent data exchange formats such as XML and JSON are compared against LXML. Medium, 
small and large types of data sets, as mentioned in table 1, are prepared in XML, JSON and LXML formats and their 
verbosities are compared (Refer Fig.12, Fig.13 and Fig.14, respectively). Here the size of the document is taken in Y 
axis and the messaging formats are plotted in X axis.   

Irrespective of the document category, the size is very less for LXML and hence it can be inferred that LXML has 
the least verbosity compared to XML and JSON for all the data sets.  

Since schema defines the document and is important for processing, the schema size also matters. The schema size 
is independent of the number of data objects included in the document. Verbosity of XML Schema and LXML Schema 
is also compared for the sample provided in Fig.6 (Table 3). It can be seen that LXML Schema is less verbose than 
XML Schema. 
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Fig.12. Verbosity comparison for medium sized documents 

 
Fig.13. Verbosity comparison for small sized documents 

 
Fig.14. Verbosity comparison for large sized documents 

Table 3. Schema Size: XML v/s LXML  

XML Schema Size 1.34 KB 

LXML Schema Size 246 bytes 

7.3.  Content Density 

Content density is the ratio of total amount of data available in the document to the total size of the document 
[43,44]. The amount of data includes the data available inside the tags and attributes. Any information apart from data 
constitute the residues necessary to facilitate the transmission. 
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Table 4. Comparison of Content Density for XML, JSON and LXML 

Data Set XML JSON LXML 

Very small 0.406 0.521 0.814 

Small 0.423 0.534 0.815 

Medium 0.337 0.438 0.767 

Large 0.464 0.585 0.859 

 
Content density values of XML, JSON and LXML formats for all categories of data sets are provided in Table 4. 

Graphical representation of this table is as provided in Fig. 15. Here content density is plotted in Y-axis. Content 
density ranges from 0 to 1. A format is considered to be efficient when its content density is equal to 1. From the graph 
it is clear that the content density values LXML is close to 1 for all the data sets.  Hence it can be inferred that LXML is 
the most compact messaging format among these formats (Fig.15). 
 

 
Fig.15. Data exchange formats vs content density 

7.4.  Parsing Overhead 

Parsing is the process of reading a document and extracting its content. Performance of parsing the XML and 
JSON depends on the technology used. Parsing an XML document using JavaScript is more efficient than JSON; but in 
the case of querying, JSON has an edge over XML [45]. To parse XML documents, DOM parser is used and Java API 
JsonParser[46] is used to parse JSON. A standalone Java program is prepared to parse LXML. The average time 
consumed (in ms) in parsing XML, JSON and LXML documents consisting of different record count is as shown in 
Table 5. 

Table 5. Parsing overhead for XML, JSON and LXML 

No of Records 
Average time consumed (in ms) 

XML JSON LXML 

1000 129 90 79 

5000 534 326 261 

10000 1320 779 731 

 
Here Y axis shows the parsing time required in ms. It can be inferred that LXML parsing is very simple when 

compared with parsing of XML and JSON (Fig.16). This is due to the fact that unlike XML, LXML does not have 
processing overhead in terms of processor time and memory.  

7.5.  Serialization and Deserialization Time 

Serialization and deserialization are important operations performed on data exchange formats such as XML and 
JSON. Serialization converts an object to a serial data, say binary form that can be readily transmitted [3,47]. The 
reverse process is termed as deserialization. The executional speed in serializing and de-serializing is an important 
performance criteria in data interchange formats[48]. This performance evaluation is carried out using Xstream [49] and 
JSON libraries [50] for XML and JSON respectively. The time required to serialize the objects at the serving side is 
positively correlated to the number of objects [23]. 
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Fig.16. Data Exchange Formats v/s Parsing Overhead 

Table 6. Serialization and deserialization time (in ms) for XML, JSON and LXML 

Type of Processing Format 
Average Time Elapsed (ms) 

Small Medium Large 

Serialization (average 
time consumed in ms) 

XML 2.860 3465 7214 

JSON 3.146 5356 10812 

LXML 2.421 2954 5824 

     
De-serialization 
(average time 

consumed in ms) 

XML 5.320 4654 9405 

JSON 4.405 9476 19423 

LXML 4.224 4320 8640 

 
The average serialization and deserialization time consumed (in ms) for XML, JSON and LXML documents 

consist of small, medium, and large datasets, respectively, are as shown in Table 6. It can be observed that the proposed 
format has an advantage over XML and JSON in terms of time required for serializing and de-serialising for documents 
in the small category (Fig.17). As the serialization and deserialization process directly impact the transmission of the 
document, clearly LXML has an edge.  
 

 
Fig.17. Serialization and deserialization time (in ms) for XML, JSON and LXML - small dataset 

In medium and large files, LXML has only a narrow edge over XML in deserialization (Fig.18 and Fig.19). But it 
has a clear performance difference when compared with JSON. 

7.6.  Marshalling and Un-marshalling Time 

Similar to JSON and XML, LXML relies on data objects (DO) while processing the documents. Marshalling and 
un-marshalling DOs are necessary while processing and transmitting documents. Marshalling time is the time consumed 
to convert an object to a stream of data and Un-marshalling time is the time taken for converting a stream of data back 
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to an object is [19]. Time taken for marshalling and Un-marshalling of XML, JSON and XML documents consisting of 
small datasets is as shown in Table 7.   

 

 
Fig.18. Serialization and deserialization time (in ms) for XML, JSON and LXML - medium dataset 

 
Fig.19. Serialization and deserialization time (in ms) for XML, JSON and LXML - large dataset 

Table 7. Marshalling and un-marshalling footprints 

 XML JSON LXML 

File Size in KB (small) 8 3.9 2.52 

Memory in KB (marshal) 553 91.57 73.24 

Memory in KB (Unmarshal) 143 121.38 96.34 

Execution Time in millisec (marshal) 0.024 0.0108 0.0102 

Execution Time in millisec (Unmarshal) 0.044 0.0141 0.0143 

 
Marshalling and un-marshalling is purely dependent on the document, its number of tags, number of nodes, type of 

tags, and size of the document. It can be observed that the memory footprints and execution time for marshalling and 
un-marshalling of LXML is close to that of JSON and far better than XML (Fig.20). 

7.7.  Transmission Time 

Transmission time depends on the size of the document. Transmission time in WSN can be calculated using the 
formula [51]. 

 
Transmission Time = Size

K
+ D

C
                                                                  (1) 

 
Where, K is calculated using the formula, 

0

5000

10000

15000

20000

25000

XML JSON LXML

Medium (in millisecs)

Serialization Deserialization

0

5000

10000

15000

20000

25000

XML JSON LXML

Large (in millisecs)

Serialization Deserialization



A lightweight Data Exchange Format for Mobile Transactions 

Volume 15 (2023), Issue 3                                                                                                                                                                       61 

K = 2∗Size
Bit Rate(R)

                                                                              (2) 
 
Where, Size is the packet size in bits, R is Bit Rate (in bps) and D is the distance between nodes in meter, C is the 
velocity of light for wireless communication (m/s).  
 

 
Fig.20. Marshalling and Un-marshalling time (small dataset) - XML, JSON and LXML 

The transmission time for various messaging formats is calculated by simulating a network with two nodes 100 
KMs apart. Data of different sizes is being sent assuming the speed of signal as 1, 00,000 KM per sec. The transmission 
time is tabulated assuming there is no propagation delay and the rate of data transfer is 1Mbps. 

Time for transmission of XML, JSON and XML documents using datasets of small and medium categories, 
respectively, are as shown in Table 8. 

Table 8. Transmission time (ms) for XML, JSON and LXML  

Format No. of Records Transmission time(ms) 

XML 

1000 (Small) 0.223 

5000 (Medium) 0.837 

10000 (Medium 1.690 

JSON 

1000 (Small) 0.128 

5000 (Medium) 0.492 

10000 (Medium 1.231 

LXML 

1000 (Small) 0.109 

5000 (Medium) 0.32 

10000 (Medium) 0.764 

 

 
Fig.21. Graph representing transmission times 
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It can be inferred that LXML has a performance advantage over XML and JSON in terms of transmission time 
(Fig.21). 

8.  Result and Discussion 

Despite their advantages, the widely used data exchange formats such as XML and JSON have several 
performance overheads in transmission and processing, especially in resource constraint networks. These overheads 
accelerate the energy consumption and drains the mobile battery as well.  

In this work, a messaging proposed called LXML is proposed and the proposed messaging format is compared 
with the prominent data exchange formats XML and JSON using six parameters. Among these six performance 
parameters, document size, content density and processing time is more critical in a wireless mobile environment.  

The LXML format drastically reduces the amount of data to be communicated. There is a reduction of 40 to 48% 
in document size when compared with XML and 30-40% with JSON. The LXML schema is 4.6 times less verbose than 
XML schema. The content density of LXML averages to 80-85% of the document size. This will definitely improve the 
transmission overhead. At the same time the processing LXML never incur any additional overhead. 

Experiments reveal that the LXML format has a clear edge over the other formats; hence it can be inferred that 
LXML is most suited for resource constrained wireless environments. It is natural that implementing the LXML format 
may require development of new APIs; but it can be achieved by making minor changes in current XML APIs. 

9.  Conclusions 

In this paper, an alternative data exchange scheme known as LXML is proposed to address the limitation of 
existing data exchange formats. The proposed LXML format represents data in a hierarchical manner and is derived 
from XML format. It possesses all the qualities of XML; but it is less verbose than XML. Performance of the proposed 
format is evaluated and compared with widely used existing messaging formats such as XML and JSON for six 
parameters such as document size, content density, parsing overhead, serialization and deserialization time, marshalling 
& un-marshalling time, and transmission time. It is found that LXML is performing much better than XML and JSON. 
The huge difference in the document size and density make this model the most appropriate one in a wireless 
environment.  It reduces the amount of non-data that are forced to transmit along with documents each time. Hence it 
can be concluded that the proposed LXML format can address the verbosity related problems faced by formats such as 
XML and JSON in resource constraint networks. 

A less verbose alternative for XML and JSON is a need of time as many conventional business models are shifted 
to mobile platforms. Such a paradigm shift without change in technology will not attain expected outcome. The LXML 
format integrated with the transaction models can improve the data transmission and processing efficiency. The 
suitability of this format for inter app communications, communication in distributed applications, client server 
communication and cross languages data sharing that includes heterogeneous platforms and devices is to be 
experimentally tested and proved. The application of LXML format with respect to configuration files and log files is 
yet to be identified. These are directions for future work. 
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