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Resumen: La asignacién de los docentes que van a dictar una
asignatura en un periodo académico es un problema comun en
las instituciones de educacién superior. Este problema ya ha
sido resuelto con diferentes técnicas, Yo presento una solucién
de una aplicacién web con aplicacién de un algoritmo genético
en el backend. El IST Yavirac, al no contar con personal
administrativo, realiza esta actividad con su planta docente, que
deben combinar sus actividades de docencia con esta actividad
administrativa. El problema de asignacién de docentes por
semestre, debido al nimero de variables y su complejidad es de
tipo NP-completo, es decir no existe una tnica solucidn, sino
mds bien existe un conjunto de soluciones vélidos. Para resolver
este problema, se optd por el uso de Inteligencia Artificial,
especificamente con el disefio e implementacién de un algoritmo
genético; esta solucion se implementa sobre una web API REST
en un servidor Web con Node]S y puede ser implementado
en la nube para produccién. Este articulo, muestra el en-foque
utilizado para dar una solucidn prictica, apoyado en el uso de
ontologfas para representar los objetos de negocio en cromosoma
en lugar de la representacién cldsica que se basa en cadenas de
caracteres. Este enfoque permite el clculo de soluciones viables,
que puedan ser aceptadas por los usuarios; su calculo se reduce a
unos pocos minutos en comparacion con la solucién manual que
puede llegar a tomar hasta cinco dias de trabajo.

Palabras clave: Inteligencia artificial, Procesamiento de datos,
Lenguajes de computacién, Algoritmos.

Abstract: The allocation of teachers who are going to teach a
subject in an academic period is a common problem in higher
education institutions. This problem has already been solved
using different techniques. I am presenting a solution of a
web application applying a genetic algorithm in the backend.
IST Yavirac has no administrative staff, and carries out this
activity with its teaching staff, who must combine their teaching
activities with this administrative activity. Due to the number of
variables and their complexity, the problem of assigning teachers
per semester is NP-complete; that is, there is no single solution,
but rather a set of valid solutions. Artificial Intelligence was
chosen to solve this problem, specifically through the design
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and implementation of a genetic algorithm. This solution is
implemented on a REST API web on a Web server with
Node]JS and can be implemented in the cloud for production.
This article shows the approach used to provide a practical
solution, supported by ontologies to represent business objects
on chromosomes, instead of the classical representation based
on character strings. This approach allows viable solutions to be
calculated, which can be accepted by the users. The calculation
takes only a few minutes compared to the manual solution that
can require up to five working days.

Keywords: Artificial intelligence, Data processing, Computer
languages, Algorithms.

INTRODUCTION
Yavirac Higher Technological Institute

The Ecuadorian Higher Technological Institutes (ISTs) are institutions of higher education, which grant
higher technological third level degrees ("Organic Law of Higher Education, LOES," 2020). IST Yavirac is
a public higher education institution under the Secretariat for Higher Education, Science, Technology and
Innovation (SENESCYT). (“Yavirac,” n.d.).

To teach the classes, presently online due to the Covid 19 pandemic, IST Yavirac offers courses in the
different careers in three sessions: morning, afternoon and evening; At the beginning of each semester, the
vice-rector and the career coordinators carry out an academics analysis and planning process in order to
meet the academic needs of that period; this includes factors such as: number of enrolled students by career,
number of classes per day and per subject, availability of teachers by time and day, experience of teachers in
different subject areas, administrative role, num-ber of hours for each subject, hours to be assigned to each
teacher, type of contract, availability to teach one or more careers.

There are some restrictions to consider, such as:

e A teacher can teach classes on two consecutive days,
e Each teacher has a minimum and maximum number of hours to teach.
o A teacher has areas of specialization and cannot teach subjects outside of that area.

The assignment of teachers by subject for an academic period is done manually. Over several days of the
week each career identifies the classes to be taught and based on their previous experience, teachers are
randomly assigned. This also leads to competition for teachers, and overloads some and leaves others without
enough hours. It takes one and two weeks to complete the process for each of the six careers. At IST Yavirac,
the product of the planning is the teacher distribution and their names. The teacher distribution is recorded
in aspreadsheet. Due to the number of variables and the manual nature of the process, it requires considerable
time, and due to cost, we end up using the first solution obtained, which is not necessarily the best possible
solution.

Based on the teacher distribution, reports are generated specifying the subjects a teacher has to teach by
career and day, a report of the total teaching hours assigned by career and a consolidated report of the total
hours per teacher.
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Nature of the problem

Based on the characteristics we reviewed in detail, we realized that the problem of assigning teachers by
subject belongs to the broad category of schedule assignment problems. Scheduling problems are NP-
complete (Nuntasen and Innet, 2007); thus, for each case, these problems have restrictions and resources
which, when combined, determine the effectiveness of the result obtained (Beligiannis et al., 2009).

This problem was addressed previously, and several optimization methods were used to find near optimal
solutions. Some of the methods for solving this problem are:

e Local search techniques,

e Reasoning based on cases and heuristics,

e Aurtificial intelligence techniques such as: genetic algorithms, evolutionary algo-rithms, Taboo search,
ant colony systems and metaheuristics.

Artificial intelligence and genetic algorithms

Artificial intelligence is the study and science of making intelligent systems to obtain feasible solutions to
different problems; genetic algorithms are part of this field of knowledge (Ansari and Bakar, 2014).

Genetic algorithms are based on the evolutionary theory postulated by Charles Darwin: randomness in
variation, together with the law of natural selection, consti-tutes a technique for solving problems with a
wide spectrum of application. (“Algo-ritmos Genéticos - Fernando Sancho Caparrini,” 2019). His concept
was developed by John Holland at the beginning of the 1970s (Tsoukalas et al., 1997).

A genetic algorithm is a probabilistic search algorithm based on the mechanics of the principles of natural
selection and natural genetics. Genetic programming allows the creation of evolutionary algorithms to map
data to a result when there is no es-tablished formula. (Kumar et al., 2010). These algorithms use character
structures, and emulate living beings that evolve over time according to the principle of survival of the fittest,
using an information exchange scheme that is structured randomly. New structures are created in each
generation using parts of the fittest members of the old group. (Beligiannis et al., 2009).

Development tools

Javascript

Javascript is a programming language that was released on December 4, 1995. It was created by Netscape
(Netscape Communications Corporation, 1995).

Some of the main features of Javascript are:

e Itisaninterpreted or compiled programming language.

e Itis multiparadigm

e Itrunson asingle thread

e Itsupports declarative, imperative, and object-oriented programming.
e It can be used for frontend applications.

o Aswell as web server applications with Node]S

e In databases: CouchDB

(“JavaScript | MDN,” 2021)
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To date, the massive development of web applications has transformed JavaScript into a ubiquitous tool,
and applications can be made for:

Frontend: AngularJS, Vue, React,

Back end: NodeJS, Deno,

Mobile apps for Android - iOS: react native
Desktop Applications: Electron

B =

(Mohan, 2020)

Node]S

Node]JS is an open source program, which allows the execution of Javascript on the server side. It is built on
Google's "V8" software. The program allows long server pro-cesses to be executed with excellent performance.
(Tilkov and Vinoski, 2010).

Node]S is installed in more than 100 countries and is used in: web application de-velopment, business
applications, bigdata, embedded systems, etc. It has many ad-vantages: it is designed to optimize performance
and scalability in web applications and APIS, which is ideal for executing Artificial Intelligence processes; it
includes an NPM package manager and can run on various operating systems such as Microsoft Windows,
OS X, Linux, Solaris, FreeBSD, and others (“Express/Node introduction - Learn web development | MDN,”
2021)

A web API is an interface that allows access to the resources of a web server through HTTP and the
exchange of data using the JSON format (Wittern et al., 2017)

MATERIAL AND METHODS/METHODOLOGY

Next, I will present the implementation of the prototype of the genetical algorithm I constructed to solve
the problem of assigning teachers per semester at the Yavirac Higher Technological Institute; in business
terms, the resulting product is known as distributive.

We are going to implement a genetic algorithm written in JavaScript that consists of the following
functions shown in Table 1:

TABLE 1.
Genetic algorithm functions

Function Description

rrtationFurction rMutation
function

crossOverFunction  [Crossover
function

fitnessFunction Fitrness
function

createFirstPhenctype |(Create the
starting
populaticon

Author

Although the scope of this document is focused on the implementation of the genetic algorithm on the
server, I will briefly explain in a general way the general architecture of the solution.
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Solution architecture

I designed a web application prototype using an open source stack that uses React for the frontend; an API
is implemented to allow accessing the genetic algorithm in a NodeJS server and the information is saved in
a MySQL database. It can be seen in Figure 1

Frontend Backend Dratabase

Feact] 5 Genetic algorichm | MyS0L

FIGURE 1.
Figure
Author

Creation of the initial population

In the construction of the prototype to solve the problem of assigning teachers by semester at IST Yavirac,
data from the Software Development Career of a previous semester consisting of 59 classes and 22 teachers
were considered.

Each class has the following attributes:

e Number of hours of duration.
e Itbelongs to an area of knowledge, for example: humanistic, programming, mathematics.
o Itbelongs to a session: morning, evening, night

Each teacher is represented in the system by the following characteristics:

o Areas of expertise (array)

e Minimum number of teaching hours to be assigned.
e Actual assigned teaching hours.

o Subjects to be taught by academic period (array)

o Total teaching hours assigned

Some of the restrictions that must be met for it to be a valid assignment are:

o  Each teacher can teach consecutive sessions: morning-afternoon, afternoon-evening,
o  Each teacher should only teach subjects that are within their areas of expertise

Each professor must be assigned the number of hours assigned for the academic period.In a genetic
algorithm, the population is like a set of chromosomes; it is common to model a chromosome as a binary
representation. This need not be the case as it can be a symbolic representation, a chain of things that
determine how the system be-haves (MIT OpenCourseWare, 2014). Ontologies allow a representation of a
particu-lar domain to represent reality and identify artifacts and the relationships between them (Athiththan
cral,, 2018).
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So, using ontologies, I determined that for this problem one class constitutes the chromosome; and it
consists of two objects: subject and teacher.

TABLE 1.
Interpretation of the objects of the genetic algorithm in the context of the problem to be solved.

Genetic Interpretation
Algorithm
Ohject
Chromosore Represents a
specific class,
for example:
Id:; 1, Career:
marketing,
3551011
ITOTTIITLE,
teacher: Juan
Flores, subject:
Statistics
Population Teacher
distribution.

Author

Upon reviewing the literature, I found that the representation of chromosomes usually involves a string of
characters: "11011"; this makes a lot of sense since the algorithm was implemented by applying a structured
programming paradigm.

Class 1 Class 2 Class n
| 1ol 1121112134 o1l 11411
FIGURE 2

Representation of a chromosome of a class that uses a numerical representation

with 5 positions: course, teacher, student section, classroom and period.
Matias et al., 2018

To solve this problem, my proposal uses ontologies, and a chromosome is an object composed of a subject
and a teacher. In JavaScript you can create objects that materialize the objects identified in the ontologies.

FIGURE 3
Representation of a chromosome of a class that uses a numerical representation

with 5 positions: course, teacher, student section, classroom and period.
Author
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FIGURE 4

Subject object in JavaScript.
Author

FIGURE 5

Teacher object in JavaScript.
Author

The createFirstPhenotype function assigns each subject to a random teacher from a filtered set. To create
the filtered set, the function searches for all teachers whose areas of expertise coincide with the area of
knowledge to which the subject belongs. In this way, we try to ensure that even for the generation of the first
population, it is the most optimal. This also reduces processing times.

Distributive evaluation (fitnessFunction)

The function runs through the phenotype and on each chromosome, it assesses:

e The total hours assigned to the teacher versus the minimum load of hours that they have defined.
o It checks which subjects correspond to the teacher's areas of expertise.
e The function ends by assigning a score.

In this version, the function does not evaluate cases in which the maximum number of defined teaching
hours is exceeded. In that case, users later make a manual correction.

Mutation (mutationFunction)

The population size is fixed for this particular problem. We then specified that what must always change are
the teachers but not the subjects. The function carries out the following steps:

Get a random gene (teacher).

Within the chromosome, identify the area of knowledge to which your subject belongs.
Get another random chromosome

Perform gene swapping (teachers)

B
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Reproduction (crossOverFunction)

In this operation, the genetic variation of the chromosome is generated towards the next generation; It is
implemented by calculating a random cut-off point and then chromosomes are copied between subjects.

FIGURE 6:

Code of the crossover function implemented in JavaScript.
Author

RESULTS

The algorithm was configured to execute ten thousand evolutions; the execution took approximately 5
minutes. The execution time of the genetic algorithm may vary depending on the characteristics of the server

where it is executed.

CralTel iPaTFREOTy e )
var g AlporitFaloratr

censale.logl "Sterting wdlth:");
cariio e Legy prEeartl s teltaniva)

for (var 4 w0y 4 ¢ J00d; Las) parmtichilporithe. weolve]];
car best = paraticAlgorithe. bantd);

dalete ast.soare)

T T TR P T TP PET TP T TP Rt

coneale . Loy

consale. Logls

FIGURE 7
Code of the genetic algorithm constructor function.
Author

In this prototype, the output of the algorithm is shown in JSON data format.
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vroduccids Bl desarralls de soaftubre,

ssignaturss: []

FIGURE 8

Example of JSON file produced by the execution of the program on de NodeJS server.
Author

Discussion

Preliminary results show results close to those obtained when assigning manually. Currently the work takes
about 40 hours, but with automation it is possible to have the first version of the distribution in minutes;
later, fine-tuning and adjustments can be carried out, which will notably reduce the time and effort required
by IST Yavirac to develop a viable distribution. In this specific problem, the objective function corresponds
to a set of chromosomes of fixed size.

CONCLUSIONS

In this contribution, it designed, developed, and applied a genetic algorithm to solve the problem of assigning
teachers by subject in an academic period for the Yavirac Higher Technological Institute and created feasible
distributions to help teachers have reasonable class schedules.

Using ontologies, it was possible to accurately model business objects and identify the relationships they
have with other objects. I think the different functions can be fine-tuned to better include and define
compliance with the different constraints of the problem. Future work will redefine the assessment used in
the Fitness function to include more business rules and restrictions. Rules should also be included to pre-
assign subjects to certain teachers as previously determined by the authorities.
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