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Abstract

This paper presents a proposal for the creation of a knowledge base to serve as a starting point for
training a real-time translation system between Nahuatl and Spanish using the Entity-Relationship
Model (MER) for database design. In this model, entities and relationships are key elements, with
mathematically defined attributes corresponding to specific domains. To implement this model, a
specific methodology is followed, ranging from the determination of entities to the physical design of
the database. Effective database design requires consideration of three essential elements: structure,
relationships and integrity rules. These rules ensure that key values in relationships are defined and that
attributes in one relationship properly correspond to others in a different relationship.
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Resumen

En este articulo se presenta la propuesta de la creacion de una base de conocimiento que sirva como
punto de partida para entrenar un sistema de traduccion en tiempo real entre el ndhuatl y el espafiol
utilizando el Modelo Entidad Relacion (MER) para el disefio de bases de datos. En este modelo, las
entidades y relaciones son elementos clave, con atributos matematicamente definidos que corresponden
a dominios especificos. Para implementar este modelo, se sigue una metodologia especifica que abarca
desde la determinacion de entidades hasta el disefio fisico de la base de datos. El disefio efectivo de una
base de datos requiere considerar tres elementos esenciales: estructura, relaciones y reglas de integridad.
Estas reglas garantizan que los valores clave en las relaciones estén definidos y que los atributos en una
relacion correspondan adecuadamente a otros en una relacién diferente.
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Introduction

In the country, the Nahuatl language is one of the most widespread native languages, and there are
multiple variants of it. In the state of Puebla, there are four variants, however, a large part of the
population is marginalised because they lack knowledge of the Spanish language. There are procedures
that Nahuatl speakers carry out with the support of a family member who may or may not have knowledge
of the language, which makes it difficult and complicated for them to receive attention and access
services. Another problem arises when Nahuatl speakers try to sell the products they make, as it is
common that they cannot communicate in Spanish, so they depend on the goodwill of the buyers, so that
they do not pay them less than what they ask for their products.

It is important to be able to translate the Nahuatl language into Spanish because it would allow
us to learn about the knowledge of the Néahuatl healers, constituting an important intergenerational
knowledge transfer (Polanco, E. A. 2024). Another area we should consider is to maintain and cultivate
our Nahuatl culture in order to learn about the worldview of our ancestors (Madajczak, J. 2024). In order
to study the Nahuatl language in depth, a study of the Codex Mendoza was carried out in 2024, focusing
on three important areas: 1) analysis of the material, 2) textual and stylistic interpretation, and 3) study
of the reception and circulation of the codex (Caplan, 2024).

Among the existing tools for translation from Nahuatl to Spanish is the MeztliSoft application,
which was presented in 2016 and promoted during the following years, however, it has the limitation that
it only translates individual words, in addition to not being available to the population and the version
only includes basic vocabulary. It is important to mention that Spanish is the second most spoken native
language and is the mother tongue in 20 countries ( Espafa-Bonet, C., & Barron-Cedefio, A. 2024).
Another application that translates Nahuatl into Spanish is the web application called Axolotl created by
the UNAM, it is a dictionary or repository, which allows to consult and translate words of all variants of
Nahuatl, however, it does not include pronunciation, grammar or semantics, required to make a correct
translation or rather adaptation to allow to really understand what is being communicated.

Currently there are devices and companies that allow real-time translation of a conversation
between two languages (Osborne, M. 2017), one of the most important that we can mention is Microsoft
(Microsoft.com. 2023). Currently there are 3 paradigms of machine translation:

The first of these is Rule Based Machine Translation (RBMT), which requires knowledge of the
grammar of the source and target language, as well as bilingual dictionaries, and the respective transfer
rules, so it is difficult to translate words or expressions that do not exist within the universe of the
knowledge base, (Mercedes, P. H. 2002) which makes its implementation complicated as it requires
constant maintenance to ensure that it is able to translate texts or information from a new domain.

Another paradigm is Statistical Machine Translation (SMT), which consists of 3 main
components, the language model, the translation model and the decoder, which calculate the probability
that a sentence in the target language is correct, establish the correspondence between the languages and
is trained by aligning to the sentence level, and based on the possible translations presents the most
probable translation as a result of the translation. Globalisation has led to trade being conducted in the
language spoken in each country, which has led to the development and use of translators (Caudet, 2011).
For example, in the European community, software has been developed that uses automatic translation
to make trade more agile and efficient (Abaitua, 2023).

Finally, the Neural Machine Translation (NMT) paradigm is the most recent of all, as it emerged
only in 2014, although there is a precursor from the 1990s which was not carried out due to lack of
powerful equipment, NMT aims to emulate the way the human brain works, making connections between
the components of language with other underlying information to form associations and generate
translations, it should be noted that it uses machine learning techniques, i.e. the computer learns to
translate from parallel texts (Garcia Aguilar, C. 2018). Also large companies such as Microsoft with
Azure use artificial intelligence for the market with API: Application Programming Interface
(azure.microsoft.com, 2023). In this research project we propose to design the database for an application
that allows to translate not only words but complete sentences, using the statistical translation paradigm,
in order to provide the user with the translation that is best suited to communicate their idea, for this the
variant of Nahuatl of the North of Puebla will be used.
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Methodology

Within the tools that will be used for the design of the database we have the software Visual Paradigma
CE, a powerful tool that allows not only to make the Entity Relationship Diagrams of data modelling,
but it is a powerful tool used to make UML modelling, manage requirements, and various design tools,
including those that occupy us now that are for database design.

It is proposed to use SQL server, since it is a robust database management system and above all
because it has a free version for developers, so there will be no licensing costs, in the case of Firebase
DataBase Realtime is due to two things one for the technological part is part of the Android development
environment, it is native, so when integrated into a mobile application would be very useful because the
vast majority of smartphone users have Android operating system.

Therefore, a functional database for a translation application (Coronel, 2018) would help to solve
the communication problem, as it would serve as a basis for training translation engines to translate from
Spanish to Nahuatl.

The Entity-Relationship Model (MER) has an excellent acceptance as a tool for modelling the
real world in the database design process, it operates with the concepts of entity and relationship. Entity
occurrences are classified in different entities Ei, where there will be a predicate associated with each
entity that will allow to compare if an arbitrary occurrence belongs to a given entity, because they can
belong to more than one entity. A relation is a mathematical relation between n entities (M. J. Hernandez,
2021).

{(el,e2,...,en)|el € El,e2€ E2,...en€ En } (1)

And each element of that relationship has that occurrence of relationship (el, e2, ..., en), where
the E1 and the no need to be different. The role in an entity in a relationship that expresses the function
that entity plays in the relationship. There is additional information to the entity's predicates and
relationships that can be obtained through the attributes associated with the entity. A domain value may
be equivalent to another value in a domain. An attribute is defined in the SRM as a mathematical function
that establishes a mapping from an entity or relationship to a domain or a Cartesian product.

Atribl : Ei — Dil xDi2x ... x Din )

Atrib2 : Ri — Dil xDi2x ... x Din 3)

Note that an attribute is always defined as a function, so it always matches a given occurrence
with a single value of a tuple, as it defines a Cartesian product of domains, relations can also have
attributes. So the following characteristics of attributes in this model can be highlighted is that attributes
are only functional correspondences.

The fact that can be recorded about the values in this model is their domain membership, if you
want to represent another property, the associated attribute must be converted to an Entity. The MER has
an associated graphical representation known as an Entity Relationship Diagram (ERD).

In an ERD, entities are represented by a rectangle, each relationship by a diamond, and each
domain by a circle, lines are used to connect entities to relationships, as well as entities to domains,
representing attributes. Keys are underlined, for identification.

If the entity cannot be identified solely by the value of its attributes, the relationships to the
attributes are used in sets to achieve unambiguous identification, these entities are known as weak entities
(DE) and are represented by a double rectangle. In the MER, the relationships to be used to identify DEs
are restricted to 1:n binary relationships. The key of this entity is formed by combining the key of the
regular entity that determines it with some other attribute or set of weak attributes that define each DE
associated to a regular entity. For each relationship its type is determined, whether it is simple or complex,
and the type of correspondence is presented in the DER. When implementing the Entity-Relationship
Model, the workflow to be followed is shown in Figure 1.
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Database Design Methodology
The methodology for database design consists of the following steps:

Determination of entities and attributes.
Entity normalisation.

Determination of relationships (DER)
Obtaining global logical model of data
Physical Design of the DB.

SR

To carry out a database design for a system, it is necessary to determine the necessary data and
the functional dependencies between them. This is obtained after the analysis stage and from there, the
indications that allow a good design of the DB are generated, based on what we know about the system.

Box 1

Get Qutputs

A

A 4
—

MER
(Entity Relationship Model)

Entity Relationship Diagram
(Visual Paradigm CE)

Y

Logic Model

—_—

h 4

BD Design
SQL Server

Firebase Realtime

Figure 1
Workflow for implementing the Entity Relationship Model (ERM)

Relational integrity.

In any data model there should be 3 elements to consider:
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- Structural element
- Integrative element
- Manipulative element.

The structural element is what we already know, the unique structure for the relational model, the
relation of attributes and tuples also known as relation of degree n, where the domains define the
attributes and the value of the domains is atomic, as well as complying with the 2FN, 3FN and FNBC.
The integral element is composed of 2 rules:

- Entity integrity rule: dictates that the primary key values in a relationship must be defined.

- Referential integrity rule: dictates that an attribute (single or combined) of Y in a relation R2, its
values correspond to the primary key X in the relation R1, so, for every value Y in R2 exists or
is equal to the value of X in a tuple of R1 or, it is undefined.

To exemplify this issue:

We have a Word-TypeWord model, where the attributes of P and T of PTP refer to Wordld and
WordTypes.

Relational Algebra Operations

The manipulative element, establishes a set of operations that make up the relational algebra. However,
there are two variants of this element of the relational model, the relational algebra and the relational
calculus, where the first is based on the procedure and the second does not take it into account, i.e. the
algebra indicates how it should be done, while the calculus only focuses on what is to be obtained.

Traditional operations of set theory

When we refer to the traditional operations of set theory, we talk about the operations of union,
intersection and difference that occur in the relations of two given entities A and B, when two conditions
are met, the same degree (n) and the attribute of each entity is defined on the same domain (1<i <n).

In the Union it is defined as the set of tuples that belong to entity A or entity B or belong to both entities.

For example, a language is formed by words, so in a database we would have a language table, a
table of words, then to represent the union we could say that if we have 2 databases of different languages
both databases would have a table words so we would deduce that both tables have the same attributes,
so we can detonate a union u, where the word tables of each base of each language are in the same
attributes are the same so the relationship can be represented as follows:

WordsLanguagel E

The Intersection is understood as the set of tuples that belong to entities A and B, that is to say, they exist
in both universes, following the example of the words of a language, we know that there are words that
have their pair in each language, that is to say, their meaning is the same, however, there are others that
do not have an equivalent, or pair in another language. Therefore, if we want to obtain the words that
mean the same thing in both languages, we would have the following representation:

WordsLanguagel C . ... C WordsLanguage2

The difference is the set of tuples that belong only to one of the compared entities, continuing with the
example of the words of the languages we would have that the difference would be those words that exist
in a language and have no pair in the other, for example, the word estrenar does not have an equivalent
in English and would be represented in the following way

WordsLanguagel - WordsLanguage2
The Cartesian Product is the set of concatenated tuples, i.e. entity a by entity b, where they can be of the

same degree or not, the same happens with the attributes that can be in different domains, we could define
it as the multiplication of the attributes of two tables, and it is represented as follows:



22
WordsLanguagel € WordsLanguage2

Special relational operations

For relational algebra we define special operations as Selection, Projection, Concatenation (join) and
Division.

Selection

For Selection, comparison operators such as <, <, = #, >, > are used, so when 0 is any comparison
operator, then:

RrxORY

It is a set of all t tuples t of R where the comparison between t.X 0 t .Y takes value, where the
attributes of X and Y must be defined by the same domain and the operation 6 must make sense in that
same domain, allowing to specify a constant such as:

R r.x 0 constant
So we can say that the operation Selection obtains horizontal subsets of a Relation, i.e. a subset
formed by the tuples of the relation that satisfy the comparison. Such comparisons 6 can also be combined

with the logical operators AND, OR and NOT, represented as U , U, and @.
To give an example, we will have the following equivalences:

Rc1 A c2is equivalent to Rc1 M Rez
Rci1 v c2is equivalent to Rc1 U Rez

Rc1 — 2 is equivalent to Rc1 - Re2

For selection, R is equivalent to both a Relation and an expression in parentheses.

Suppose we have a table with words in different languages, from which we want to identify
which words are used or refer to the moon, as shown in table 1

Table 1
Set of words in different languages

WORD

Id Word Language TpWord Meaning

1 Luna Spanish 1 Moon

2 Meztli Nahuatl 1 Moon

3 Yatziri Mayan 2 Moon maiden
4 Xochitl Nahuatl 1 Flower

5 Flower English 1 Flower

6 Moon English 1 Moon

Then the selection would be as follows
WORD Meaning = 'Moon
So the resulting table looks as shown below in Table 2:

Table 2
Nahuatl to Spanish translation

| WORD




23

Id | Word | Language | TpWord Meaning
1 | Luna Spanish 1 Moon
2 | Meztli | Nahuatl 1 Moon
6 | Moon English 1 Moon

Proyection

Simplifying the theory, the projection allows columns to be selected in a certain order. Then the
projection of a relation R onto the attributes X,Y, ..., Z:

RIX,Y, ..., Z]

It is the set of tuples where there exists a tuple t in R that has the value of x in attribute X, the
value of y in attribute Y, ..., the value of z in attribute Z. So the projection is a Vertical subset of a
relation, i.e. the resulting subset is selected with the specified attributes in an explicit order either from
left to right, eliminated in case of duplicate tuples when choosing the selected attributes, because the
order is considered a relevant parameter, the projection provides the way to reorder the attributes of a
table, like the selection, in the projection R can be a relation or an expression in parentheses.

It should be noted that an attribute cannot be specified more than once in the list of attributes of
the projection, and if this list is omitted it is understood that the attributes have been considered in their
corresponding order from left to right, i.e. the projection would be the same relation given, eliminating
the repeated tuples.

Continuing with the example of the Word relation, let's suppose that we wish to obtain only the
attributes meaning and TpWord, in that order that is not the same of the Word relation, then our
projection on the Word table would be:

WORD[MmEANING, Tpword]-

The resulting table is as follows:

Table 3
Projection of the Relationship Word

Meaning TpWork
Moon 1
Moon maiden 2
Flower 1
Moon 1

Concatenation(join)

The concatenation allows us to combine the information that is housed in different tables, the information
from two tables is combined with a join based on a comparison of the last attribute of the first table with
the first attribute of the second table using the = operator. The result relation of the join will consist of
the tuples from both tables that meet the precondition, i.e. that the comparison of the attributes is true.

Where let 8 be any comparison operator, the concatenation-0 of a relation A on attribute X with
a relation B on attribute Y, is the set of all tuples t such that t is the concatenation of a tuple and a tuple
b € B and for which the predicate a .x 0 b.y takes a given value. Where it must be satisfied that the
attributes a.x and b.y are on the same domain and that the operation 8 makes sense in the same domain.

The operation is called ‘equijoin’ if  is the comparison =, since the result has to include two
identical attributes. If either of them is eliminated, then the result is either a natural concatenation or a
natural join or simply a concatenation (JOIN denoted by *), for example:
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WORD * TpWORD * TpWORD ON ATTRIBUTES TpWORD on Word and IdTP on TpWORD
defined on the same domain, being equivalent to:

((WORD BY TpWORD) woRD.WORD.TpWORD = TpWORD.IdTP)
[WORD.Id, WORD.Word, WORD.Language, WORD.TpWord, WORD.Meaning, TpPWORD.IdTP, TpWORD.Description]

It is recommended that if we wish to reorder the attributes, we must make the necessary
projections prior to performing the concatenation, so applying a reordering in the previous example
would be as follows:

PALABRA[Id,Word,Meaning] * ToPALABRA

Division

The operation division, produces a quotient relation of degree m, by dividing a relation A of degree m+n
by a divisor relation B of degree n where the m+i attribute of A and the i-th attribute of B are defined on
the same domain, if the first attributes of A are considered as a composite attribute X and the last n
attributes as a composite attribute of Y, the relation A can be visualised as a set of (x,y) pairs, just as the
relation B would be a set of unique y-values, thus having the result of evaluating ABETWEEN B, would
be the relation C with a composite attribute X where each value of x of C. X appears as a value of A.X,
and the value pair (x,y) appears in A for all y-values appearing B, i.e. A BETWEEN B is the set of t-
tuples t such that for all tuples b € B, and tuple t.b € A.

For completeness, it is worth noting that the operations special relations have a priority, where
Selection is the highest priority followed by projection, and finally concatenation and division..

+ Selection
Screening
- Concatenation and

Division
Database Management Systems

Software that allows the use, updating, of data stored in one or several databases by one or several users
from different points of view simultaneously, are called Database Management Systems (Sanchez, O.
2021).

SQL Server

This is a relational database management system, developed by Microsoft, the query language used is
Transact-SQL, an implementation of the ANSI standard SQL language, used to manipulate and retrieve
data, create tables and define relationships between them.

It is characterised by having good transaction support, being scalable, stable and secure, supports
stored procedures, its powerful graphical administration environment, allows the use of DDL and DML
commands graphically, allows work in client-server mode, where the information and data are hosted on
the server and the network terminals or clients only access the information.

This database engine in its different versions regularly has 5 editions:

- Express Edition, is the free version, and even though it comes with many limitations, it is very
useful for developing a small project.

- Developer includes all the features of the Enterprise version, but the licensing included does not
allow us to use it for production environments, however, it is ideal for testing advanced features.

- Web, is the low cost edition for use in Web Hosters.
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- Standard, this version contains Business Intelligence functionalities ideal for small and medium
sized companies.
- Enterprise is the version that includes all SQL Server functionality.

SQL Server contains a large number of tools and associated functionalities, to mention a few are
Data Importer and Exporter, a Profiler that will allow us to analyse the performance, SQL queries among
other considerations, as well as tools to make improvements in the data schemas depending on the
workloads analysed (Groff R, J., & Weinberg N, P. 2009).

Among the services we can find data replication, Machine Learning related services, support for
external queries, analysis and statistics services, among many others.

Oracle DB

Oracle Database, ranked first as the most popular database manager followed by MySQL and MS SQL
Server, its first version was released in 1979, currently versions 19c and 21c are available for long term
and innovation.

Oracle DB is the core of the enterprise computing environment, it uses a relational database model
for Oracle Database, which allows storing and representing company and customer data in the form of
organised data sets. The data quantities are structured in columns, tables and rows, and the data points
are related with the help of attributes. The great advantage of Oracle Database is that it organises and
presents data volumes in an intuitive and efficient way. In addition, companies can decide whether they
want to use Oracle Database on-premises or in the cloud.

Firebase Realtime Database

It is not a database manager as such, but a database hosted in the cloud, which stores data in JSON format,
and synchronises in real time with each of the clients connected to it. When multiplatform applications
are created, they share an instance of the Realtime Database, and automatically receive updates with the
most recent data on the different platforms.

The points to be highlighted are the following:

Real Time: It does not use HTTP requests, but uses Data Synchronisation which allows all connected
devices to get the information within milliseconds.

Offline: By using Firebase, data is retained on the device, so applications continue to work even when
offline.

Accessibility: No matter the device, as it does not require an application server, real-time data security
and validation is performed by rules based on expressions that are executed when reading or writing data.

Scalable: It has several pricing plans, but even the blaze, allows for scale needs to be met by splitting
the data across multiple instances in the same project.

However, Firebase Realtime Database is not just a database, it is a suite that allows you to create
collaborative applications with secure access to data directly from the client code, providing the end user
with a rich experience even offline, and on reconnection the client synchronises with remote changes
(Ganesh , C. D. 2017). It provides a flexible rules language that is based on expressions, called Firebase
Database Security Rules, which define the structure of the data, as well as how and when it can be read,
written and modified. It also features Firebase Authentication where devs can define who can access the
data and how.

Firebase Database is a NoSQL database, which is designed to enable fast running operations, so
it can meet the real-time experience to respond to millions of users without compromising responsiveness
(Coronel, C., & Morris, S. 2018).
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Database Analysis

Starting from this analysis the situation that will apply the database design methodology is the following:
It is desired to create a database system that allows to translate word from Spanish to Nahuatl language,
and to know the correct pronunciation of each phrase.

The desired outputs are the following:

1. Vocabulary List:

Nahuatl - Spanish vocabulary list with abbreviation of the word type corresponding to the Nahuatl word.
Nahuatl word

Abbreviation

Spanish word

2. Word Equivalent:

Get Nahuatl word corresponding to the Spanish word entered.
Nahuatl Word
Spanish word

3. File Path:

Get the path to access an audio file stored on an exposed server.
Nahuatl word

Spanish word

File Path

Database Design
Design considerations

- Must consider that one Spanish word may have several Nahuatl translations depending on the
context.

- Must consider that one Nahuatl word may have several translations into Spanish depending on
the context.

- Each word may have one or more linked audio files.

a) Entity Relationship Diagram
The design of a translation application requires optimising the handling of the relationships between the

words between the languages to be translated, in order to generate a reliable and trustworthy knowledge
base.

Figure 2

Entity Relationship Block Diagram
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Relationships exist because:

b)

A word has one or more translations
A translation has a source word

A word has one or more audios

An audio has a related word

Entities

The entities identified in the conceptual model are described below:
The Entity WORD is made up of the attributes:

IdWord is the number assigned to each word following an alphabetical order. o0 Word is the number
assigned to each word following an alphabetical order.

Word corresponds to the ordered set of characters that together form a word.

The Translation Entity is made up of the attributes:

IdTranslation is the number assigned for each translation.

IdWordN corresponds to the idWord assigned to a word whose source language is Nahuatl.
IdWordE corresponds to the idWord assigned to a word whose source language is Spanish.

The AUDIO Entity is made up of the attributes:

IdAudio is the number assigned for each Audio.
IdWord is the number assigned to each word that has an Audio linked to it.
Url corresponds to the path where each file is located.

Entities and Attributes
WORD (Id, Word)

TRANSLATION (IdTranslation, IdWordN, IdWordE)
AUDIO (IdAudio, IdWord, url)

d) Entity Normalisation

Functional Dependencies

A. How Id identifies the word
Id a Word

B. As IdTranslation identifies translation
IdTranslation a WordN, WordE

C. As IdAudio identifies Audio
IdAudio aUrl, IdWord

Relationships

R (Id, Word, IdTranslation, WordN, WordE, IdAudio, url, IdWord)
Candidate and Primary Keys

R1 (Id, Word, IdTranslation, IdWordN, IdWordE)
R2 (1d, Word, 1dAudio, Url, IdWord)

e) Normal Forms

For the relation we have:

WORD (Id, Word)
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- TRANSLATION (IdTranslation, IdWordN, IdWordE)

- AUDIO (ldAudio, IdWord, url)

- LANGUAGE (ldLanguage, Language)

- TYPE_WORD(Word_Type_ID, Description, Abbreviation)

The relation looks like this:

R (WORD (Id, Word, IdTranslation, IdWordN, IdWordE, IdAudio, IdWord, url, IdLanguage, Language,
IdTypeWord, Description, Abbreviation)

According to the relations, the following tables are obtained:

- Word (1d, Word, CI_Word_Type, Cl_Language)

- Translation (IdTranslation, IdWordN, IdWordE)

- Audio (IdAudio, IdWord, IdWord, Url)

- Language (Cl_Language, Language)

- WordType (IdWordType, Description, Abbreviation)

Conclusions

The successful implementation of the methodology in the design of databases allows to have a reliable
source of information, and easy maintenance, which will allow our applications and systems to be more
efficient over time, because its design will allow to document the relationship of each of the entities,
which will support so that it can evolve if necessary, without affecting the pre-existing data.

With the Entity Relationship Model (MER) and its respective graphical representation, it is
possible to optimise the linguistic relationships and guarantee an accurate and contextual translation. The
methodology for the design of the database, which includes the identification of entities, attributes and
relationships, provides a robust and detailed structure that could transform the way in which the Nahuatl
language is interacted with, contributing to its preservation and facilitating interaction between speakers
of both languages: Nahuatl-Spanish.
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