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— Abstract—

In recent years, computer equipment in higher education institutions has
become a key element for access to information and services; both hardware
and software are essential elements to maintain the information, becoming an
asset to companies and institutions. The present investigation has allowed
the development of an inventory and maintenance record system for the
computing equipment for the Instituto Tecnologico Superior "San Gabriel"
of the city of Riobamba-Ecuador. It was developed through waterfall
methodology, Java programming language, and the MYSQL database
manager. With the system's implementation, 90% of the maintenance plans
were fulfilled in the department of information and communication tech-
nologies (ICT) of this institution.

Keywords:

Computer system; Maintenance; Open-Source Software.

IIE ESPACIO 1+D, INNOVACION MAS DESARROLLO « Vol. x1, N° 31, October 2022 « ISSN: 2007-6703

109



APPLICATION OF OPEN-SOURCE SOFTWARE AS A TOOL FOR SYSTEMS DEVELOPMENT IN MAINTENANCE MANAGEMENT OF COMPUTER EQUIPMENT

aintenance is an activity that every company or institution must

carry out according to established standards and techniques

(Cantos, 2018) to avoid risking the loss of information and
devices, and to preserve the equipment throughout its useful life, with the
greatest possible availability at the lowest cost, hand in hand with the manu-
facturer's recommendations.

Suarez et al. (2015) and Andreu (2018), agree that Java programming
language is widely used in the business environment, highlighting the
programming of desktop and web apps. These apps have been extended for
their easy deployment to customers, their not excessively complicated develop-
ment, easy update, and their security, both for the customer and the server.

For Boasberg et al. (2019), the measures and actions that are taken to
keep computer equipment in proper operation, without memory dump
occurring or emitting error messages frequently, can be one of the two types
of maintenance such as preventive and corrective, when the first thing that
must be determined is the time of use and technological delay thereof.

The purpose of the Instituto Tecnoldgico San Gabriel is to provide
quality services to the student sector of the province of Chimborazo.
According to reports of the Department of Information and Communication
Technologies, the institution has a network of computer equipment consisting
of 40 computers, both desktop and personal; in addition, they have five
printers distributed throughout the institution. The problematic situation
that is identified by direct observation is that the institution has a maintenance
plan, but this is not fulfilled with total normality due to different factors.

Based on the above, the present work aims to develop a system for the
inventory and maintenance record of the computer equipment of the Instituto
Tecnologico Superior "San Gabriel" in the city of Riobamba, Ecuador.

MATERIALS AND METHODS
Study Area Location
The present research was developed in the department of information and
communication technologies (ICT) of the Instituto Tecnoldgico Superior

"San Gabriel" located in the Veloz parish, canton Riobamba, province of
Chimborazo, Ecuador.

Methodology
For the development of this system, two proposals were handled within

the research part, a preliminary proposal in which the process of information
collection was carried out, the research process begins at theoretical, scientific,
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and legal levels, where we reviewed sources from Scielo, Scopus, Latindex,
where authors such as Ferro (2020) or Rosenfeld & Irazabal (2016) stand
out, which specify, from a judicial point of view, the protection of hardware.
Through this synthesis, the understanding of the study variables (maintenance
plan, registration of computer equipment) was achieved, and that is the basis
that determines the extent to address the problem. On the other hand, the use
of the Unified Process methodology proposed by Garcia & Vasquez (2019),
in which the focus of the research begins in the Conception phase, where the
current management and the obtaining of basic operational information are
evaluated, to then begin with the Elaboration of the maintenance system, its
Construction, and Transition. According to Zumba (2018), these processes
allow the development of systems quickly. In our programming we used the
Java language, the MySQL database manager, and Netbeans as an integrated
development environment (IDE); it should be noted that all the applications
used are open-source software.

Interviews were applied to six users who are in charge of computer
equipment within the institution to determine how often they encounter a
malfunction in terms of hardware and software. We also registered on the files
whenever a user called to request help for an inconvenience in the equipment.

RESULTS AND DISCUSSION

For the development of the IT equipment maintenance management
system, the stages of Beginning, Development, Construction, and
Transition were planned.

Beginning Stage

At this stage, the scoping study of the project was carried out where the
costs, profitability, and feasibility were evaluated. The feasibility study
resulted in a general description and list of use cases such as registration of
computer equipment assets, managers, users, assignment of assets to users,
equipment to be maintained, user who carries it out, and reports.

Development Stage

This stage allowed us to generate a specific solution based on the use cases
of the previous stage, resulting in a detailed design plan such as interfaces,
and buttons like Save, close, return, search, and print.

The messages that will appear in Windows window format were defined
according to the following:
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e When the user has entered the wrong username and password.

«  When no information has been entered in the forms.

e By entering the data and sending it to save.

«  When a new confirmation username and password are created, it
is not the same as the main one.

« When a new person in charge is created and the ID card is
incorrect.

Based on the above, the interfaces for the Windows environment were made
because it is a desktop application, so it was designed based on menus,
labels, text boxes, buttons, and radio buttons, among others, thus forming a
friendly interface. The work environments were Netbeans as an integrated
development environment (IDE), Java as a programming language, and
MySql as a database manager. Based on the above, the main screen would
be established according to Figure 1.

Axhivo Blenes Responsabk  Roporos  Usaikcs  Apda

SIECITSGA

Figure 1. Computer Equipment Maintenance Management System Main Window. Source: Own elaboration

Construction Stage

At this stage, several iterative loops were created in which use cases are
merged sequentially based on project risk factors. For example, this
approach allows for older versions of the system that satisfy the primary
use case. Changes to requirements are not merged until the beginning of
the next iteration.
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Transition Stage

At this stage, the first version of the system was developed and culminated
with a system in production. Later the final product was sent to the users of
the ICT department (see table 1), once the system was implemented the first
test was acceptance, which allowed determining if the software complies
with what was defined in the beginning stage, the requirements, once they
passed this phase we proceeded to other validation tests.

Below are the results of the maintenance software validation through
surveys applied to the personnel of the ICT area. The evaluation was applied
through the software technical evaluation guide (Largo, 2005), in table 2,
you can see the criteria on which it is based.

Table 1
Teachers and faculty board

Institution Teachers Faculty Board Total

Instituto Tecnoldgico “San Gabriel” 5 1 6

Source: Own elaboration

Table 2
Software Evaluation

Scope Description
Utility Aspects related to what it fulfills
Interface Aspects related to the interface
Technical aspects Aspects related to functionality

Source: Adaptation (Medina-chicaiza, 2018)

The evaluation proposed for this system allows us to know its usefulness,
whether or not it meets the established requirements, if the interface is
intuitive, if it contains a high degree of usability, and if it facilitates the
transmission of information and interaction to its maximum. The technical
field is the systems' characteristic that allows verifying that the system is
light, with low hardware requirements, easy to install, and scalable. Below
is the score range handled by the user acceptance test managed by software
quality metrics according to Lopez et al. (2016), in which 18 questions cov-
ering the adaptation of table 2 are handled; the evaluation criteria in this
metric range from 1 to 3 respectively.
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Table 3 shows the evaluations obtained from all the staff of the ICT
area of the institution, teachers, and managers, to draw up work guidelines
and improve them in terms of preventive and corrective maintenance of
computer equipment.

Table 3
Evaluation of ICT personnel

Rating from 1 to 3
(3=Excellent, 2=good, 1=bad)

QUESTION 1 2 3 4 5 6  Average
1. Are there terms mixed in different languages? 33 3 3 3 2 2.83
2. Is the vocabulary used simple? 32 3 3 3 3 2.83
3. Is there enough time to perform keyboard inputs? 32 3 3 2 3 2.67

4.1s there any assistance for users who are using the system

for the first time? 3 3 3 3 2 3 2.83

3. Is the system easy to operate for someone who was not

trained in its operation? 02 03 3 3 2 2.67

6. Can the interface and its content be understood? 32 3 3 3 3 2.83
7.ls it easy to identify an object or an action? 33 2 3 3 2 2.67
8. Is it easy to understand the outcome of an action? 1 3 2 3 3 3 2.50

9. Is the interface designed to facilitate the efficient

performance of tasks in the best possible way? 3 2 ! 3 2 3 2.33

10. Are the messages presented by the system appropriate? 3 2 3 1 3 3 2.50
11. Does the system act in the prevention of errors? 2 3 3 3 2 3 2.67

12. Does the system report on the errors presented? 32 3 2 3 3 2.67
13. Are descriptive messages and texts used? 32 2 3 3 3 2.67

14. Does it allow convenient navigation within the product

and easy exit fromit? 203 3 3 2 3 2.67

15. Is the user allowed to customize the interface? 3 2 3 1 2 2 2.17

16. Is visual information provided of where the user is, what are
they doing, and what can they do next? 202 2 3 2 2 217
17. Are there keyboard shortcuts? 33 3 3 3 3 3.00
18. Is the user presented only with the information they need? 2 33 3 3 3 2.83
Total Average 2.64

Source: Adaptation by Medina-chicaiza (2018) and Lopez et al. (2016)

According to the scores obtained from the evaluation measured through
the parameters, usefulness, interface, and technique, a good evaluation was
obtained with an acceptable quality, which makes it easy to install, access,
and manage for any user in the ICT area.
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CONCLUSIONS

The evaluation technique applied to the development of systems in main-
tenance management of computer equipment allows us to appreciate the
quality and acceptability of the system developed through open-source software.

All kinds of management and administration software are considered
as a software quality model in our country, in addition to that, it allows to
obtain an evaluation score for academic accreditation purposes by educa-
tional entities, therefore, the software developed for maintenance control
fits within the established considerations, allowing the processes to improve
continuously with its implementation.

The Unified Process methodology with its four stages, iterative, struc-
tured, and adaptable, allowed the development of the system according to
the needs of the institution. The result is an incremental and modular
system for possible future changes.

By developing the system through open-source software, it is possible
to know that Java as a programming language is an optimal platform for the
development of desktop applications, and with excellent work in its graphical
interfaces, the functions and source code that were used are simple so that
other users can understand and modify it, in case it is necessary for
subsequent maintenance of code or modular increments.

This research contributes to the importance of adaptable methodologies
use for developing software with specific organizational requirements, the
use of open-source software as a development language for management
systems that serve as a quantitative evaluative means in educational accredi-
tations in our country, the implementation of software metrics adapted by
current authors and, finally, in being a tool for registration of computer
equipment and maintenance plans in the ICT department of our Institution.

IIE ESPACIO 1+D, INNOVACION MAS DESARROLLO « Vol. x1, N° 31, October 2022 « ISSN: 2007-6703

115



APPLICATION OF OPEN-SOURCE SOFTWARE AS A TOOL FOR SYSTEMS DEVELOPMENT IN MAINTENANCE MANAGEMENT OF COMPUTER EQUIPMENT

REFERENCES

Andreu, L. (2018). “Desarrollo de una aplicacion web en java usando” GWT
material design ", para el control y mantenimiento de plantas solares foto-
voltaicas. Universitat Politécnica de Valéncia

Boasberg, J., The Department of Education, Academy, T., Academy, R.,
Trakt, S. S., Quinot, G., Liebenberg, S., Miller JC, I. 1. 1., Walton, T.
F., Hickman, K. E., Rawls, J., Lords, H. O. F., Of, O., Lords, T. H. E.,
Appeal, O. F., Judgment, F. O. R., Cause, I. N. T. H. E., Policy, C., Court,
F. C. L., ... SOUTHEASTERN, H. (2019). Mantenimiento Preventivo De
Computadoras En. In Duke Law Journal (Vol. 1, Issue 1). https://doi.
org/10.1017/CB09781107415324.004

Cantos, K. (2018). Diseflo de un manual de mantenimiento preventivo y
correctivo. Issue, 261.

Ferro, J. (2020). Perito Judicial en Mantenimiento y Proteccion del Hardware.
https://books.google.com.ec/books?id=TVnMDwA AQBAJ&pg=PA25-
5&dg=mantenimiento+de+computadoras&hl=es&sa=X&ved=2ahUKEw
jC-cygmpbsAhUBrikKHW1KAd44ChDoATAAegQIABAC#v=onepage&
g=mantenimiento de computadoras&f=false

Garcia, F. & Vasquez, A. (2019). Introduccion al Proceso Unificado. Edit.
Grial. Salamanca

Largo, C. (2005). Guia técnica para evaluacion de software. 1—41. https://
fdocuments.mx/document/guia-tecnica-para-evaluacion-de-software-
558bodfiae7s2.html?page=1

Lopez, A. V., Sianchez, A. & Montejano, G. A. (2016). Definiciéon de
Métricas de Calidad para Productos de Software. XVIII Workshop de
Investigadores En Ciencias de La Computacion (WICC 2016, Entre Rios,
Argentina) 4700. 483—488. http://www.unsl.edu.ar

Medina-Chicaiza, R. P. (2018). Evaluacion de software educativo: una aplicacion
en e- actividades para disortografia. Revista Iberoamericana de produccion
académica y gestion educativa.

Rosenfeld, D., & Irazabal, J. (2016). Computabilidad, complejidad computacional
y verificacién de programas. Editorial de la Universidad Nacional de La
Plata. Argentina.

Suarez, Y., Medina, D. & Hernandez, P. (2015). Sistema automatizado para la
gestion del mantenimiento de equipos (mo6dulos administracion y solicitud
de servicio). Revista Ciencias Técnicas Agropecuarias. 24, 85—90.

Zumba, J. P. (2018). Evolucién de las Metodologias y Modelos utilizados
en el Desarrollo de Software. INNOVA Research Journal, 3(10), 20—33.
https://doi.org/10.33890/innova.v3.n10.2018.651

'lm ESPACIO 1+D, INNOVACION MAS DESARROLLO « Vol. x1, N° 31, October 2022 « ISSN: 2007-6703

116



