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Abstract—Interoperability is the ability to communicate
between applications that are written in different programming
languages. The communication is established through the
exchange of data, which has normally a representation in a
standard format. The interoperability problem can be solved by
implementing serializers from objects to standard formats, which
can then be deserialized in any programming language. This paper
presents a project that proposes a solution to address the
interoperability problem, which is closely related to the
implementation of object serializers. The project proposes to
address two important aspects: 1) the representation of objects in
standard text formats, independent of the programming language
to allow interoperability between applications; and 2) the teaching
of the processes involved to represent objects, through the
incorporation of these topics in some of the courses of an
undergraduate degree in Information Technologies and Systems.
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L

Serialization is the process of converting an object to a form
in which it can be stored in a medium such as memory, a file, a
database, or a stream for transmission over a network. The main
purpose of serialization is to store the state of an object in order
to later rebuild it when required. The reverse process is called
deserialization.

INTRODUCTION

Many programming languages have serialization support
built in as part of the language or through some library; this
library or program is called a serializer. In an ideal situation, the
serialization and deserialization support included in
programming languages would be enough to represent the state
of an object that contains data types and basic language
constructs; however, in some programming languages,
serialization is performed partially, since they do not allow more
complex constructions of the language to be represented in the
object state, such as pointers or references to objects, collections,
enumerations, among others.

Serialization and deserialization are widely used processes
when working with distributed systems or applications that
require data exchange. An example of this is passing an object
to a remote application using a web service or through a remote
procedure call. There are also applications that require
exchanging objects and are written in different programming
languages, for which it is necessary to have a language-

independent representation of objects, that is, a standard format
to describe serialized objects.

The representation of objects independent of the
programming language is not a straightforward process, due to
several reasons: 1) objects must be properly restored in terms of
their single or multiple inheritance; 2) complex data structures
must be adequately reconstructed, mainly those where an object
could be referenced multiple times by various pointers or
references; 3) collections of objects must be restored in an
appropriate way, including for example, lists and dictionaries; 4)
the size of numeric data types must be handled appropriately;
among others.

Regarding the formats for the representation of serialized
objects, they can be divided into two main categories: those that
are text-based and binary formats. Some examples of the most
widely used text-based formats to represent objects are
JavaScript Object Notation (JSON) [1], Extensible Markup
Language (XML) [2], and YAML Ain't Markup Language
(YAML) [3]. Binary formats are more dependent of their
implementation and programming language, so they are not
considered standards. The text-based formats are human
understandable, which allows for manual inspection and usually
facilitates portability between programming languages,
although it should be noted that serializing objects to text
regularly takes more time and uses more storage space. With
respect to their applicability, the three mentioned text-based
formats serve the same purpose, which is to provide a common
means for the representation of structured data and a mechanism
for data exchange independent of the programming language.

Interoperability is precisely the ability to communicate
between applications that are written in different programming
languages. The communication is established through the
exchange of data, which has normally a representation in a
standard format. The interoperability problem can be solved by
implementing serializers from objects to standard formats,
which can then be deserialized in any programming language. It
should be noted that this problem has already been addressed in
this way by the first author of this paper.

Therefore, the research project presented in this paper
proposes a solution that is closely related to the implementation
of serializers to address the interoperability problem. This
project proposes to address two important aspects: 1) the
representation of objects in standard text formats, independent
of the programming language to allow interoperability between
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applications; and 2) the teaching of the processes involved to
represent objects, through the incorporation of these topics in
some of the modules of the undergraduate degree in Information
Technologies and Systems at our university.

The first aspect is related to the importance of
interoperability between applications, in which the most used
text-based formats will be considered, the relationship they have
with each other to represent simple and complex structures, and
the previous work that has been developed. The second aspect is
concerned to the teaching about the processes that are carried
out in the design and implementation of tools for the
representation of objects in one or more text formats; in addition
to promoting the use of the tools developed for educational
purposes. The second aspect is very relevant for undergraduate
students, since it will allow them to know the implications and
limitations that exist to achieve interoperability among systems,
in addition to being able to use the tools developed to build their
own applications.

The rest of the paper is organized as follows. Section II
provides the background of the research project proposed; the
Web Objects in XML (WOX) framework [4] is introduced; the
mechanism used by WOX is described; the serialization and
deserialization processes to serialize and deserialize objects are
explained; the WOX extensions implemented are presented; and
finally, the studies carried out to compare the use of resources
and the performance of applications that use JSON, XML and
YAML to exchange data are presented. Section III presents the
research project proposed; the activities of the project are
described; and the schedule of activities is presented. Finally,
Section IV provides some conclusions.

II. BACKGROUND

The background of the research project proposed is the Web
Objects in XML (WOX) framework [4], which was created for
managing distributed objects and web services. WOX is a
framework that has been developed in recent years; initially it
only had the functionality for the creation and management of
remote objects and web services; it currently has relevant
features for the area of distributed systems and, in particular, for
interoperability between systems. It should be noted that the
WOX framework and its components have been used
systematically to support the teaching of several courses of the
undergraduate program in Information Technologies and
Systems at our university, in particular they have been used in
the modules of Object Oriented Programming, Dynamic Web
Programming, Systems Integration and Thematic Laboratories.

WOX is a framework that uses the HTTP protocol for
communication between clients and servers, uses XML as the
format for object representation and keeps the objects available
through their own identifiers (URL), inspired by the principles
of the Representational State Transfer (REST) architectural style
[5]. This section briefly describes some features and
functionalities of the WOX framework.

The mechanism used by WOX in a method invocation on a
remote object is shown in Figure 1 and the steps performed are
described in the following list:
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1) The client program calls a method on a remote reference
(the way in which the client calls a method on a remote reference
is exactly the same as on a local object).

2) The WOX dynamic proxy takes the request, serializes it
to XML, and sends it over the network to the WOX server where
the remote object is located.

3) The WOX server receives the request and deserializes it
to a WOX object.

4) The WOX server loads the object into memory and
executes the requested method.

5) The result of the method invocation is returned to the
WOX server.

6) The WOX server serializes the result to XML and the
actual result or a reference to it is returned to the client program.
The result is stored on the server in case a reference to the object
has been sent.

7) The WOX dynamic proxy receives the result and
deserializes it to the appropriate object, either a real object or a
remote reference.

8) The dynamic proxy returns the result to the client
program.
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Fig. 1. Invocation of a method on a WOX remote object.

The process of serializing an object to XML and
deserializing XML to an object is carried out by the WOX
serializers [6, 7], which were initially implemented for the Java
and C# programming languages, so it is possible serialize Java
objects to XML, deserialize them from XML to C#, and vice
versa. WOX serializers are independent libraries, which
generate XML representations of objects in a format that is
independent of the programming language, and are freely
available for download [8]. It should be noted that Microsoft's
MSDN magazine published an article [9] about interoperability
between Java and .NET applications, in which they used WOX
serializers to exchange objects among their applications; the
article recommends the use of WOX to integrate heterogeneous
applications.

In order to serialize objects to XML, WOX serializers use
the following process:

1) The name, type and value of each of the object attributes
is obtained. This is done through reflection, which is the ability
of a program to observe and optionally modify its high-level
structure; by means of this capacity it is possible to access the
information of the objects, knowing and/or executing their
public attributes and methods, all at runtime. Introspection is
also used, which allows obtaining the data type of an object
attribute.
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2) Once the name and value of each attribute of the object to
be serialized is obtained, it is written in an XML document. If
the value is not a primitive type but an object, all the attributes
of this object must also be represented in the XML document.

Figure 2 shows an example of a class called Product, with
various attributes of different data types. The code snippet
shown in Figure 3 is the XML representation of an object of the
Product class, once it has been serialized with a WOX serializer.
The root of the XML document is an object element, with its
type="Product" attribute, which is the class of the object. The id
attribute is used to handle references to objects (in this case there
is only one object). Each attribute on the object is represented by
field elements, which have the following attributes: name (the
name of the attribute in the class), fype (the WOX data type of
the attribute), and value (the value of the attribute for that
particular object). Primitive or simple types are represented as
field elements in WOX. The serialization rules of the WOX
serializers, as well as a series of examples of serialized objects,
can be consulted in [7] and [8].

Product

- name: String
- price: double
- grams: int

- reg: boolean
- categ char

Fig. 2. Product class with various attributes and their data types.

<object type="Product" id="0">
<field name="name" type="string" value="Corn" />
<field name="price" type="double" value="3.98" />
<field name="grams" type="int" value="500" />
<field name="reg" type="boolean" value="true" />
<[ield name="categ" type="char" value="\u0041" />

</object>

Fig. 3. XML representation of a Product object.

The deserialization process is the opposite of serialization;
In this process, the following steps are followed: 1) the
information about the object of the XML document is extracted,
2) a class is created with the information obtained from the XML
document; 3) an object is created in the corresponding
programming language, with the information obtained from the
XML document and using the class created in step 2. This
process is carried out by WOX deserializers [7].

The WOX framework was extended with the incorporation
of asynchronous communication [10], which is used by
processes that take a considerable amount of time to be
completed by the server. This asynchronous communication
allows a client program to continue working without blocking,
while the process is running on the server; when the process has
completed its execution, the client can retrieve the result of the
process. WOX serializers are also present in this scenario, since
they take care of the serialization (storage) and deserialization
of the results. An asynchronous methods monitor [11] was
designed and developed, which allows client programs to
monitor the processes that are being executed on the server; the
method monitor can be used from a client program or through a
web browser.
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In order to give continuity to the research work described so
far, a research project entitled "Interoperability in object-
oriented programming languages" was carried out, which
resulted in the inspection and navigation of objects through a
web browser [12], since WOX objects are stored on the server
through their own URL. With these tools, it is possible to
visualize the XML document that represents a particular object
or a part of it, by navigating the object with XPath expressions
[13]. In the same way, the interface through the web browser
also allows to display and execute the methods that belong to an
object that has been stored in a WOX server [14]. Additionally,
two serializers and deserializers were designed and implemented
in the Python [15] and PHP [16] programming languages, and
two websites were built with information and examples of their
use, where they can also be freely downloaded [17, 18].

The research work described up to this point summarizes the
background of the research project proposed in this paper. On
the other hand, there are various studies that highlight the
importance of exchanging data between applications written in
different programming languages, which reside on different
devices and/or platforms. This makes it clear that in order to
maintain  consistent communication between different
applications and devices, objects or data in general need to have
a representation in a standard format such as JSON, XML or
YAML, which are currently the most used text-based formats
for data exchange.

The studies carried out in [19, 20, 21] compare the use of
resources and the performance of applications that use JSON,
XML and YAML to exchange data, in which it is reported that
the JSON and YAML formats use less memory than XML to
represent objects and that the time to serialize an object to JSON
or YAML is less than the time to serialize an object to XML.
Object serialization in XML and JSON with different libraries is
covered in [22]; an example object is used and serialized with
the proposed libraries, measuring the size of the serialized file
and the time the serialization process takes; the study concludes
that there is no better solution than another and that each library
is appropriate in the context in which it was developed; it is also
pointed out that both JSON and XML provide interoperability
between different programming languages. A review of the
process of serializing objects to JSON format and vice versa is
described in [23]; it is stated that the JSON format is more
efficient than the XML format, due to the little space it occupies
compared to XML, and the serialization that takes less time.

The research carried out in [24] performs an analysis of
XML and JSON in the context of decision-making
computational systems; it concludes that both technologies have
their own advantages and disadvantages, and suggests that for
applications that use simple data structures JSON is more
appropriate than XML, but for those applications with complex
structures XML is indicated. In the comparative studies carried
out in [25, 26], the results indicate, as in the rest of the studies,
that the JSON and YAML formats are more effective than XML
in terms of size and serialization time; however, it is noted that
for some applications that require sending complex data
structures, the XML format offers better support for representing
data that cannot be represented in JASON or YAML.
Additionally, it is pointed out that as part of the future work of
these investigations, the development of converters from XML
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representations to JSON, and vice versa, is proposed; XML to
YAML, and vice versa; JSON to YAML, and vice versa.

III. PROPOSED PROJECT

The aim of the proposed project is to design and implement
interoperable tools to represent objects in standard text formats,
which can be used in the teaching and learning process of the
students of the undergraduate program in Information
Technologies and Systems at our university. Some of the
specific objetives are the following: 1) develop a converter from
the XML format used by WOX objects to the JSON format and
vice versa; 2) develop a converter from the XML format used by
WOX objects to the YAML format and vice versa; 3) perform
functionality, interoperability and performance tests on the
developed tools; 4) develop websites with documentation,
examples and laboratory practices.

The activities proposed for this research project are
described in the following paragraphs, taking into account that
the purpose is to address two important aspects: 1) the
representation of objects in standard text formats, independent
of the programming language to allow interoperability between
applications; and 2) the teaching of the processes involved to
represent objects in some of the modules of an undergraduate
degree in Information Technologies and Systems. Additionally,
having reviewed the previous research work on the WOX
framework and the relevant literature related to the
representation of objects in standard text formats, this research
project will aim to provide representations of objects in the
standard text formats most widely used (JSON and YAML),
which will allow interoperability of the existing WOX
framework with applications that currently use the JSON and
YAML formats to exchange data. The proposal is to create a
series of converters between the JSON and YAML text formats
and the object representation used by WOX, so that applications
built with WOX can interoperate with other applications. As part
of the research project, the limitations of these conversions will
be studied in terms of the representation of simple and complex
data structures (lists, dictionaries), as well as pointers or
references. The following stages are proposed for the project:

1. Development of a WOX-JSON converter. In this stage,
the corresponding modules will be created for the development
of a converter from the XML format used by the WOX objects
to the JSON format and vice versa. This stage includes an
analysis of the implications and limitations of this conversion
between formats.

2. Development of a WOX-YAML converter. In this stage,
the corresponding modules will be created for the development
of a converter from the XML format used by WOX objects to
the YAML format and vice versa. This stage includes an
analysis of the implications and limitations of this conversion
between formats.

3. Functionality, interoperability and performance tests. In
this stage, the different functionality, interoperability and
performance tests will be carried out on each of the developed
tools: WOX-JSON converter and WOX-YAML converter.

4. Website development with documentation, examples and
laboratory practices. In this stage, websites will be created that
will have the following information about each of the developed

tools: installation instructions, description of each of the tool's
modules, information about the tool's scope and limitations,
examples of use, interoperable tools. In this stage, laboratory
practices will also be created as didactic material for the teaching
and use of the developed tools. The generated material will be
used in various courses of our undergaduate program.

Regarding the schedule of activities, the research project
proposed has an expected duration of three years.

In the first year, the following activities are planned: 1) study
the tools to serialize and deserialize objects to and from JSON
and YAML text-based formats, in object-oriented programming
languages; 2) literature review on serialization and
deserialization with JSON and YAML text-based formats; 3)
design and implementation of an object converter in WOX
format to a representation in JSON format.

In the second year, the following activities are considered:
1) tests of functionality, interoperability and performance of the
WOX-JSON converter; 2) design and implementation of an
object converter in JSON format to a representation in WOX
format; 3) functionality, interoperability and performance tests
of the JSON-WOX converter; 4) design and implementation of
an object converter from WOX format to a representation in
YAML format; 5) functionality, interoperability and
performance tests of the WOX-YAML converter; 6) design and
implementation of an object converter in YAML format to a
representation in WOX format.

Finally, in the third year, the following activities are planned:
1) functionality, interoperability and performance tests of the
YAML-WOX converter; 2) development of websites with
documentation and examples for the tools developed, which will
include the tools for free download; 3) creation of didactic
material for teaching and use of the developed tools.

The research project proposed is directly linked to some of
the courses taught in the undergraduate program of Information
Technologies and Systems at our university. It is specifically
linked with courses such as Object Oriented Programming;
Dynamic Web Programming; Systems integration; Distributed
Systems; Thematic Laboratories I, II, III, and IV; and Final
Projects I, 11, and III. In the case of the Thematic Laboratories,
which are mainly courses that integrate knowledge aquired by
students previously and the work is donde in teas, subprojects
can be proposed based on this research project. In the case of
Final Projects, subprojects can also be defined to be carried out
individually by the students of our undergraduate program.

IV. CONCLUSIONS

This paper provided the background of the research project
proposed; the WOX framework [4] was introduced; the
mechanism used by WOX was described; the serialization and
deserialization processes to serialize and deserialize objects
were explained; the WOX extensions implemented were
presented; and finally, the studies carried out to compare the use
of resources and the performance of applications that use JSON,
XML and YAML to exchange data were presented. It was also
presented the research project proposed; the activities of the
project were described; and the schedule of activities was
presented. Further work is needed to carry out the activities
planned in the proposed research project.
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