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ABSTRACT

AnaPro is software that solves direct anaphora in Spanish, specifically pronouns: it finds the noun or group of words to
which the pronoun refers. It locates in the previous sentences the referent or antecedent which the pronoun replaces.
An example of a direct anaphora solved is the pronoun “he” in the sentence “He is sad.” Much of the work on
anaphora has been done for texts in English; thus, we specifically focus on Spanish documents.

AnaPro directly supports text analysis (to understand what a document says), a non trivial task since there are
different writing styles, references, idiomatic expressions, etc. The problem grows if the analyzer is a computer,
because they lack “common sense” (which persons possess). Hence, before text analysis, its preprocessing is
required, in order to assign tags (noun, verb,...) to each word, find the stems, disambiguate nouns, verbs,
prepositions, identify colloquial expressions, identify and resolve anaphora, among other chores.

AnaPro works for Spanish sentences. It is a novel procedure, since it is automatic (no user intervenes during the
resolution) and it does not need dictionaries. It employs heuristics procedures to discover the semantics and help in
the decisions; they are rather easy to implement and use limited knowledge. Nevertheless, its results are good (81%
of correct answers, at least). However, more tests will give a better idea of its goodness.

Keywords: 1.2. Artificial Intelligence, 1.2.7 Natural Language processing, Text Analysis, Anaphora resolution.

RESUMEN

AnaPro es un software que resuelve problemas con anaforas directas en espafiol, especialmente pronombres: la
herramienta encuentra el sustantivo o grupo de palabras al cual se refiere el pronombre. Localiza en oraciones
previas la referencia o antecedente y lo reemplaza por el pronombre que le corresponde. Un ejemplo de anafora
directa resuelta es el pronombre “él”, en la oracion “El esta triste”.

AnaPro apoya directamente el andlisis de textos (para entender lo que el documento dice), tarea no trivial ya que
existen diferentes formas y estilos de escribir, referenciar, expresiones regionales (mexicanismos, argentinismos,
etc.). Todavia se complica més si el analizador es una maquina porque no tiene “sentido comun” (que cualquier
persona puede tener). Asi, antes de analizar el texto, se requiere pre-procesarlo para asignar etiquetas (sustantivos,
y verbos, entre otros) a cada palabra, encontrar las derivaciones, desambiguar sustantivos, verbos, preposiciones,
identificar expresiones coloquiales, identificar y resolver anaforas, entre otras tareas.

AnaPro trabaja con oraciones en espafiol. Es un proceso novedoso porque es totalmente automatico (no requiere la
intervencién de un usuario) y tampoco necesita de diccionarios. Emplea un procedimiento heuristico para descubrir la
semantica y apoyarse en las decisiones que debe de tomar. Ha resultado ser bueno (con un 81-100% de aciertos);
sin embargo, méas ejemplos nuevos daran mejor idea de su desempefio.
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1. Introduction

Anaphora is a relation of coreference between
linguistic terms. According to Webster’s dictionary: “It
is the use of a grammatical substitute (as a pronoun
or a pro-verb) to refer to the denotation of a
preceding word or group of words; also: the relation
between a grammatical substitute and its
antecedent.” Therefore, anaphora is a discourse
relation. Anaphora resolution is very important in
Natural Language Processing (NLP).

This work is part of Project OM* (Ontology Merging),
which seeks to build a large ontology by fusing
smaller ontologies extracted from textual documents.
An important part of the project is to analyze the
sentences in a document with the goal to transform
that text into an ontology that comprises its contents.
A brief description of Project OM* follows.

1.1 Project OM*

Project OM* is built upon the OM software
(Ontology Merging; [3]), which takes two ontologies
as input and creates another ontology comprising
the knowledge residing in the inputs, without self-
inconsistencies. The OM software has been built
and it works [3], but it takes as input ontologies (in a
special notation called OM notation, explained
below), instead of textual documents. Thus,
additional work is needed to transform a document
into an OM ontology to be fed to OM. That
transformation is the goal of OM*. Project OM* is in
full development. The parts of OM* that have been
built appear in Figure 1, as well as a simplified flow
of its computation. These are:

Tagged g
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h | Idioms [ tagger ] anaphora
panish text D analyzer resolver
=

Lemmatizer,
Stemmer

G Text with lemmas
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[Preuositionl [N_oun . L

J J

Qphrases gphmses
SERCDD

Syntactic/Semantic parser

Descriptionsinf
descriptive FreeLing
documents { |
Ontology in OM notation bl i
O 1S B G Dependency tree

T

Q Correct dependency tree

frames |
—_—
j ontology merging | D :

[> Ontology |
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ontologies

Figure 1. The parts of the OM* project. Parts under constructions are shown dashed.
The diagram shows a simplified flow of computation from text to ontologies
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Idioms analyzer. An idiom is a phrase whose
meaning cannot be derived from the conjoined
meaning of its elements. For instance, vestida y
alborotada {dressed and agitated}" (meaning:
decepcionada {adj. disappointed}); de tal palo tal
astilla {chip off the old block} (adj. similar to his
ancestor); corazon de piedra {stone heart} (adj. to
be hard and inflexible). The idioms analyzer [12]
finds and replaces them with their respective
synonym. This increases the ability of subsequent
modules of OM* to understand more clearly the
sentences. We believe it is the first idioms finder
for Spanish. It uses a dictionary of canonical
idioms (stereotyped phrases) which are then
compared with the text under analysis, looking for
“legal” variations of the stereotype phrase.

The analyzer locates and converts the following
types of idioms:

1. Colloquial expressions. Example: corazén de
piedra {stone heart} (adj. to be hard and
inflexible).

2. Specialized expressions. They describe an
object in a specific or particular (specialized)
context. Examples: linea de comandos
{command line}, base de datos {data base}.

3. Proper names. Examples: Banco de México
{The Bank of Mexico}.

4. Connective phrases, used to connect ideas in a
sentence. Examples: en base a {based upon},
sin  embargo {nevertheless}. These are
classified as idioms since for instance the
meaning of sin embargo cannot be derived from
its constituents sin {without} and embargo
{seizure, foreclosing}.

Tagger. It assigns tags or labels (verb, noun ...) to
each word in a phrase (Tagger TNT, Internet
reference 7). Many current systems process
natural language using a morphological tagger.
The TNT tagger assigns a single tag (grammatical
category) to each part of speech. This tag is used
in subsequent levels of analysis, such as the

! AnaPro is an analyzer of anaphora in Spanish. In order
to help some readers, the authors (not AnaPro) have
added translations to English for selected Spanish
sentences. They can be omitted.

syntactic parser. Since idioms are processed
before the tagger acts (see Figure 1), tagging
becomes better because idioms are already
correctly tagged (by the idioms analyzer).

Usually, there are two ways to achieve morphological
tagging. Recent comparisons in training sets and
corpuses have shown that in most cases the taggers
that use statistical approximations produce better
results that finite state taggers, or those based in
rules, or using an extensive a priori storage. The tip
of the balance has not yet settled.

Anaphora solver. It finds and replaces the
pronouns by the corresponding linguistic entity. It
is AnaPro, the subject of this article.

Lemmatizer/Stemmer. It finds the lemma or root
of each word. More details in [8].

Prepositions disambiguator. Reference [7]
describes an algorithm and its implementation to
disambiguate prepositions in Spanish phrases. This
article focuses on the design of a preposition
disambiguator, using a verb and noun lemmatizer
that employs frames to identify the meaning of verbs
and nouns. It finds the semantics of the prepositions
contained in parts of speech. For instance, for the
preposition de {of}, it finds that de in olla de madera
{wooden pot} means “made of”; in olla de arroz {pot
of rice} means “contains”, whereas olla de Oaxaca
{pot from Oaxaca} means place of origin.

Prepositions are words used to relate ideas
composing a sentence; hence, by themselves,
they lack expressive meaning of their own, but
they contribute in a fundamental manner to
provide sense to the whole sentence since they
establish a semantic relation. Many times,
prepositions are wrongly used and they form part
of the vices of a language.

This work studies the separable prepositions, which
are a {to}, ante {before}, bajo {under}, cabe {it should
be noted}, desde {from}, contra {against}, en {in}, por
{by}, segun {as}, sin {without}, entre {between}, so
{under}, con {with}, hacia {towards}, sobre {upon},
hasta {until}, de {of}, tras {behind}, para {for}.

Prepositions are classified in groups according to
the sense they provide to the expressions they
qualify, although some prepositions belong to more
than one group:
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1. Place prepositions: They assign a place: a
{to}, de {from}, en {in}, entre {between}, hacia
{towards}, por {by}, tras {behind}.

2. Time prepositions: An eventis placed on
the time line: a {to}, con {with}, de {of},
desde {since}, en {in}, para {before}, por
{by}, sobre {after}.

3. Causal prepositions: They provide a link
between origin and result: de {of}, por {by}.

4. Purpose prepositions: They determine a
target or objective: a {to}, para {for}.

5. Company prepositions: They express
association of subjects with respect to an
action: con {with}.

6. Instrument prepositions: They express the
means by which the action is or has been
performed: a {to}, con {with}, de {of}, en {in}.

7. Modal prepositions: They indicate the way in
which the action is carried out: a {to}, con
{with}, de {of}, en {in}, por {by}.

More details for the algorithm to disambiguate
prepositions are in [7].

Word disambiguator [9]. Mapping words to
concepts. This work determines the correct
meaning of ambiguous words in Spanish texts,
using the context in which the ambiguous word is
found. It presents a new non supervised
computational approach to process ambiguous
words in Spanish documents. It selects the
appropriate word sense based on the context. The
process is also known as Disambiguation or Word
Sense Disambiguation. The model is based on the
Lesk Algorithm with significantly modifications that
enhance its performance. This approach does not
need a previous markup of the text to analyze. The
software detects automatically the ambiguous
words within the text and defines its correct sense.
The results obtained are evaluated with the highest
international criteria with significant success.

To achieve its objective, the method of word
coincidence was employed using:

1. A dynamic (moving) window of varying width
as context, formed by words to the left and
right of the ambiguous word.

2. The definitions (different senses) of the
ambiguous word.

3. A lemmatizer applied to the words in the
window and to the words in the definition of
the ambiguous word.

The algorithm does not require supervision or
training in order to work. It also does not require a
set of tagged texts, nor the listing of the ambiguous
words to be found.

Frames [17] give relevant details of concepts,
generally nouns (agents) and verbs (actions). They
are data structures containing semantic information
about the concept: such as what it is, its use, its
parts, when it happens, and so on. Frames help the
prepositions disambiguator, the disambiguator of
nouns and verbs, and the syntactic/semantic
analyzer. Frames were perhaps introduced by [17],
who defines them as data structures to represent
generic situations, such as the representation of a
type of behavior and things expected in a living
room, in a restaurant, in a children’s party. Several
kinds of information are found in frames: how to use
it, what activities or event sare performed there,
what other events occur after the frame occur after
the frame (a subsequent frame). A frame can be
considered as a network of nodes and relations.
Frames represent scenes, for instance: the frame
representing a children’s party has more semantics
that the definition in a dictionary: [fiesta -- Reunién de
gente para celebrar algln suceso, o simplemente
para divertirse (Diccionario de la Real Academia
Espafiola). party: a social gathering; also: the
entertainment provided for it. (Webster Dictionary)].
Table 1 elaborates the frame “children party”.

Many concepts may be related to a frame, and they
will enrich it semantically; therefore, most of the
information intertwined in the represented scenario
(concept, event, or activity) must be present in the
frame. There is no standard notation about frames;
we have proposed one. It is formed by:

1. Header, representing the name of the concept,
a character indicating if it is a noun (s, for
sustantivo noun}), verb (v), etc., and in
parenthesis, its gender.

2. Body, containing elements such as: quees
{what it is; its meaning}, agenteactivo {active
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agent, who initiates or carries out the action},
agentepasivo {passive agent, who suffers the
change or consequences of the action
provoked by the active agent}, hiperonimia
{hypernym, concept of which the frame is a
subset}, sinonimo {synonym, other words used
for this frame}, hiponimia {hyponym, a
particularization of this frame, a frame which is
a subset of this frame}, comoseusa {how it is
used; example of the concept in a sentence},
frasetemat {idiom, colloquial sentence, where
the word is used with a different meaning}.

3. Our notation allows adding semantic
elements as needed, for instance the element
lugar {place}.

More details in [7] and [8].

Dress: better than everyday dresses.

Gift: Must be wrapped and given to the birthday child.
Celebrating hide-and-seek, guessing riddles, jokes.
Decoration: balloons, figures made of crepe paper.
Cake: candles, wishes, to blow.

Songs: Happy Birthday.

Place: Party room, home, kindergarten.

Table 1. Part of the frame “children’s party”

Syntactic/Semantic parser. It analyzes each
phrase, taking into account the syntax, as well as
the semantics of each part of speech (given by the
frames, the disambiguated prepositions, nouns,
etc.). It finds the correct dependency between
nouns, verbs, and articles. Basically, it is divided
into three parts:

Syntactic Parser. We use FreeLing [24]. It builds a
dependency tree mostly based in the syntax of
each sentence.

Congruency detector. It analyzes each part of the
dependency tree, and, with the help of the frames
and other semantic elements, it measures how
consistent that part is (how much sense it makes).

Generator of plausible moves. The parts of the
dependency tree with low congruency are replaced
by other candidates, which the generator proposes.
Several changes of node position in the
dependency tree are suggested, directed by the
frames and measured by the congruency detector.

The congruency of the resulting replacement should
be larger than the replaced portion of the tree.

The congruency detector and the generator of
plausible moves are under construction in Lisp.

SERCDD [13] is an analysis system that extracts
information from “descriptive documents”:
documents describing an object (a tool, a planet),
and uses the concepts extracted to form a semantic
network. Its output is an ontology in the OM
language, denoting the object described in the
document. The analysis method starts with text
which has previously suffered tagging and
lemmatization. Using the structure of the sentences
found in the text, analysis proceeds trying to identify
the relations present in it. For instance, a text
describing a carpenter tool will usually contain its
definition, a description, common uses, parts and
materials forming it, as well as the classification of
such tool. The result is a formal representation of
the extracted knowledge, embodied in an ontology
written in the OM language, described in [2]. In
order to produce such analogy, it is necessary to
identify the entities (concepts), relations and
properties described in the original text.

SERCDD finds ontological relations (hyponymy,
hypernymy, part of, synonymy, size, made of,
useful for...) by searching for text patterns and
using a set of rules derived from the respective
semantic relations. For the time being, these
patterns and rules are manually constructed, but
another part of OM* seeks to automatically derive
them from the frames representing the semantics
in the objects. The system extends the use of
patterns and rules, which are usually used just to
find hypernymy relations (the hammer is a tool,
the mechanic hammer is a hammer...), to many
other relations.

SERCDD processes documents written in Spanish,
but it is easily extensible to other relations and
other natural languages. It performs tagging and
lemmatizing, prior to seeking ontology relations.

Ontology generator. This is a straightforward
module that converts the correct dependency tree
produced by the syntactic/semantic parser in an
ontology expressed in OM notation. It has not
been built yet.
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Ontology Fusion. In order to compute intelligent
answers to complex questions, using the vast
amounts of information existing in the Web,
computers have (1) to translate such knowledge,
typically from text documents, into a data structure
suitable for automatic exploitation; (2) to
accumulate enough knowledge about a certain
topic or area by integrating or fusing these data
structures, taking into account new information,
additional details, better precision, synonyms,
homonyms, redundancies, apparent contradictions
and inconsistencies found in the incoming data
structures to be added; and (3), to perform
deductions from that amassed body of knowledge,
most likely through a general query processor.

OM [2, 3] solves point (2) by providing an algorithm
to fuse two ontologies (coming from Web
documents) without human intervention, producing
a third ontology containing the knowledge residing
in the input ontologies. It resolves synonyms,
homonyms, articulates partitions, detects and solves
some contradictions (inconsistencies), and removes
redundant relations. Also, the accumulation of
knowledge requires that a fair amount of ontologies
about the same topic should be merged, which calls
for repeated use of OM.

The correct merge must consider not only the
syntax of the word and phrases describing the
concept, but the semantics of the concept thus
represented, too [its “meaning” as described by its
relations to other concepts in the source ontologies,
its similarities to other concepts, superficial likeness,
homophones, etc.] Therefore, the representation to
be used (OM Notation) should allow the
characterization of these relations.

OM Notation. [2] proposed this ontology definition
language with the goal to represent concepts and
relations so that more semantics is captured in
them. OM means “ontology merging,” since the
language was first used to fuse or merge ontologies.
It is a derivative of XML, described in [3].

The OM language structures ontologies through the
following tags:

<concept>, used to define a concept. This tag
allows concept nesting.

<language> represents a brief sentence (a gloss)
in natural language describing the concept. It is
used mainly for human consumption, not by the
OM processor.

<word> is followed by that brief sentence or gloss.
For instance, the concept escalpelo {scalpel} can
be defined as

<concept> escalpelo

<language> Spanish <word> escalpelo, bisturi
</word> </language>

<language> English <word> scalpel, a small
straight thin-bladed knife used especially in surgery
</word> </language>

... here will go the relations pertaining to escalpelo
</concept>.

<relation> represents the type (name) of a relation
(feature, property, usually obtained from a verb)
that connects two concepts.

1.2 AnaPro

This paper describes AnaPro, one of the modules
of OM*. AnaPro determines the direct anaphora
(that resolves pronouns). Its output eases the
building of the part of the ontology that corresponds
to the text being analyzed. For instance

Juan tomdé una botella en la tienda. Esta

estaba rota.

{John took a bottle in the store. It was broken. }

A person easily finds that the broken thing was the
bottle, not the store, but a program may have
difficulty to find out to which of the nouns botella
{bottle} or tienda {store}, the pronoun ésta {it, this}
refers to. In the example, a person asks herself:
what can be broken? The bottle, most likely. This is
so because a person has common sense,
experience, previous knowledge, etc. For the
computer, analysis and verification of several
information sources and tools (frames, dictionaries,
thesaurus, etc.) is usually needed in order to have
a satisfactory solution.
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Anaphora resolution has been an important task for
NLP during years. Because of its importance, the
problem has been tackled from several fronts. For
instance, [10] uses semantic criteria, as described
in 83. Since our work is for Spanish documents, our
descriptions of previous works will be primarily
focused on Spanish, too.

[22] and others have proposed methods that try to
resolve anaphora resolution (both direct and indirect)
in Spanish, using dictionaries. Their methods do not
solve all grammatical forms.

Nevertheless, simple methods using limited
knowledge can be applied in many cases with
satisfactory results. For instance, text from a
restricted domain or culled from a controlled
vocabulary. An example is [20], who solves anaphora
with the help of the SUPP (Slot Unification Partial
Parser) analyzer, which provides lexical and syntactic
information to find out the antecedent of higher
relevance in the list of antecedents (one of them is
the referent). Although with some limitations, the
work proposes interesting improvements to the
algorithm, as described in §3.

Another approach suggests to use linguistic and
structural knowledge which are domain-independent,
as in [11]. It deals with anaphora in Spanish identified
by third person pronouns and adjectival anaphora.
Described in 83, it uses a statistical model to
determine the complements of verbs, adjectives and
some houns, based on a corpus.

An important work, since it deals with unrestricted
domains, is that of [4]. It locates and extracts
information where answers to questions can be
inferred. It does this in Spanish and in English. It is
briefly described in 83.

AnaPro only solves direct anaphora, particularly
pronoun resolution. Of the already mentioned
previous works, only [11] resembles our solution.

The paper is hence organized as follows: §1
describes the state of the problem and related
previous work; 82 gives the theoretical framework; 83
presents work related to resolution of direct anaphora
and places AnaPro in this context. 84 details our
solution and solves some examples. 85 explains how
AnaPro works; 86 provides more examples taken
from “real life” (Internet documents).

2. Theoretical Framework

Anaphora resolution has been the focus of
attention of philosophers, linguists, cognitive and
artificial intelligence scientists, psycholinguists and
computational linguists. This is important because
the anaphora:

e It is one of the most complex phenomena in
natural language.

e It has been shown that syntactic, semantic
and pragmatic factors take part in it.

e Its resolution is needed in a wide range of NLP
tasks: natural language interfaces, document
understanding [for the computer to answer
complex questions about the knowledge that
lies in them (this is the goal of the
aforementioned  Project OM?*)], machine
translation, information extraction, automatic
summarization, finding differences or
contradictions between statements on the same
subject in two documents, among others.

Two important types of anaphora exist: direct and
indirect anaphora.

Direct anaphora associates a pronoun or
reference to some entity already mentioned in the
text. For instance, los alumnos estaban contentos
pues ellos habian pasado a la semifinal {students
were happy because they had passed to the
semifinal}; here the pronoun ellos {they} refers to
los alumnos {the students}.

Indirect anaphora establishes an associative link
between a linguistic entity (word or phrase) and an
entity previously introduced through the text or the
speech [22]. For example, Eliseo entrd a un circo,
el payaso era muy simpatico {Eliseo went to a
circus, the clown was very nice}. In this example
the discourse focuses on the circus and it is the
previous entity or antecedent to which payaso
{clown} belongs or refers. A connection exists
between payaso and the circus where Eliseo went,
which has at least one clown. This information
comes from the extension of the context by
encyclopedic knowledge (common sense); as a
consequence, the whole sentence renders a
consistent interpretation, as implied by the
relevance principle, used above, or by the scenario

Vol. 12, February 2014




AnaPro, Tool for Identification and Resolution of Direct Anaphora in Spanish, |. Toledo-Gémez et al. / 14-40

approach (frames, [17]), where the use of circo
{circus} invokes a scenario (the frame of circus)
that implicitly contains at least one clown.

AnaPro does not analyze indirect anaphora; this
paper does not deal with it. It is mentioned here
for completeness.

2.1 Contributions

AnaPro converts a Spanish text into another text
without direct anaphoric references. The anaphors
are solved, replacing for instance ellos {they} by
estudiantes {students}. The final text, without
anaphoric references, is an input to be used in
project OM*. Some of its contributions are:

1) The focus of AnaPro is to find (automatically)
the noun to which a determiner refers. Other
works such as [22] require a user. Instead,
[20] needs an information detection system to
determine the most relevant preceding topics.

2) Another important point of AnaPro is that it
resolves anaphora in complete texts, not
in short dialogues [20]. Therefore, full text
can be entered into the tool for its analysis
and resolution.

2.2 Determiners

Determiner is a term that denotes the lexical unit
that precedes a noun in a nominal phrase to
specify its reference, including the quantity of the
noun. For instance,

1.-Todos esos vehiculos estan en venta. {All
those vehicles are for sale}

The determiner is Todos {all} which determines
the quantity, and esos {those} is a demonstrative
pronoun that indicates the place, relative to the
emitter, where the vehicles are.

In general, the determiners give rise to the definite
expressions where these parts of speech are used:
the definite articles (el, la, lo, las, los) {the, it}; the
demonstratives (aquel, aquella, aquellas, aquellos,
esa, esas, ese, eso0s, esta, estas, este, estos, tal,
tales, semejante, semejantes) {that, that, those,
those, that, those, that, those, this, these, this,
these, such, such, like, like}; the possessive
determiners (cuya, cuyas, cuyo, cuyos, mi, mis,

nuestra, nuestras, nuestro, nuestros, su, Sus,
vuestra, vuestras, vuestro, vuestros, tu, tus, etc.)
{whose, whose, whose, whose, my, my, our, our,
our, our, his or her, his or her, your, your, your,
your, your, your, etc.}, and the quantifiers (todo,
algun, cada) {all, any, each}. With any other
determiner, an expression is considered an
indefinite expression. This is important since in
Spanish the articulos indeterminados (articles a,
an) give rise to indeterminate expressions.

2.3 Reference resolution process

The task of whoever receives the information is to
conduct the reference resolution process, which is
achieved with the following sequence of steps:

1. Toidentify as accurately as possible the entity
to which the emitter (or writer) is referring (the
referred) with the referential expression.

2. To determine if this entity has already been
previously mentioned (or referred to) in the
context of the discourse, or if it is new.

3. If it has already been mentioned (coreference),
it will establish the link between referential
expressions in the linguistic context; the first
entity already mentioned has the link to the
entity in the discourse context.

4. If it is new, it should be integrated it as part of
the linguistic context, creating the link from the
referential expression to the entity in the
linguistic context.

The whole process must be based on the
morphological and syntactic features of the text,
which involve the use of determiners, and where
the concepts of referential expression, coreference
and direct and indirect anaphora (already defined
in 8§2) are closely related.

3. Related work

For the English language, there is plenty of work in
anaphora resolution. Since AnaPro works for
Spanish texts, we will not review many of those
works. A comprehensive analysis of the state of
the art can be found in chapter 21 of [6]. We also
refer the reader to the excellent surveys by [23],
and, more recently, [19]. Some interesting
anaphora solvers for English are reviewed here.
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e The Resolution of Anaphora Procedure (RAP, [15])
identifies the noun phrase antecedents of third
person pronouns and lexical anaphors (reflexives
and reciprocals). Written in Prolog, its inputs are the
syntactic representations generated by McCord’s
Slot Grammar Parser. RAP focuses its attention on
(a) the syntactic structure of the sentence (as given
by the Grammar Parser), from which it extracts
salience measures, and (b) a rather simple
intentional model for the attentional state. These
are used to select, from a list of candidates, the
noun corresponding to the pronoun. In evaluating
candidate antecedents, it does not employ
semantic conditions (other than those implicit in
grammatical number and gender agreement) or
real-world knowledge. Also, RAP does not model
intentional or global discourse structure. RAP has
been tested and has an 86% efficiency; it exhibited
a slightly higher rate of success (by 4%) than
Hobb’s algorithm. Its authors enhanced RAP with
statistically modelled information about semantic
and real-world relations, but these enhancements
only caused a slight improvement (by 2%) in the
algorithm’s performance. The main components of
RAP are:

0 Syntactic filter. It rules out anaphoric dependence
of a pronoun on an NP on syntactic grounds.

o0 Morphological filter. It rules out anaphoric
dependence of a pronoun on an NP due to
disagreement in person, number, or gender.

o0 Pleonastic pronouns. A procedure to identify
pleonastic (semantically empty) pronouns.

0 Lexical anaphors. An algorithm that identifies
the possible antecedent binder of a lexical
anaphor (reciprocal or reflexive pronoun)
within the same sentence.

o0 Salience evaluator. Values are assigned to
several salience parameters of an NP:
grammatical role, frequency of mention,
proximity, sentence recency, parallelism of
grammatical roles.

o Equivalence class identifier. Anaphorically
linked NPs are identified and placed into an
equivalence class. For this class, a global
salience is computed adding the individual
saliences of its members.

o Decision procedure. It selects the preferred
element from a list of antecedent candidates
for the pronoun.

Compared to RAP, AnaPro has a simpler
design, which nevertheless works quite well for
Spanish texts.

e The work Anaphora for everyone [1] extends the
previously described work of Lapping and Leass,
producing similar results. The main difference is
that it does not require an in-depth, full, syntactic
parsing of the text. Instead, it uses a part-of-
speech tagger, enriched with annotation of the
grammatical function of the lexical terms found in
the input sentence. Thus, it can be used in a wide
range of text processing frameworks for which
there are insufficient or inexistent full syntactic
parsing capabilities. It requires the tagger to
provide, in addition to the tag, an integer for each
token in the input sequence (the offset of such
token). For instance, for the input sequence “For
1995 the company set up ...”, the output of the
tagger is

"For/off139" “for" PREP @ADCL
"1995/0ff140" "1995" NUM CARD @<P
"the/off141" "the" DET CENTRAL ART
SG/PL @DN>

"company/off142" "company” N NOM
SG/PL @SUBJ

"set/off143" "set" V PAST VFIN
@+FMAINV

"up/offl44" "up" ADV ADVL @ADVL

For anaphora resolution, the primary input data set is
a complete list of all noun phrases, reduced to
modifier-head sequences. The offset indicates the
position of the noun phrase in the text, hence
providing important information for precedence
relations. The algorithm also uses information about
the syntactic contexts in which the noun phrase
appears. These observations are obtained by the use
of patterns that detect nominal sequences that occur
locally to adverbs, relative pronouns, and
complementing sequences. These patterns are
regular expressions. In terms of overall strategy, the
resolution procedure follows that of [15].

The most common types of errors of the algorithm
consists in gender mismatch (35% of the errors)
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and certain long range contextual (stylistic)
phenomena, for instance, quoted passages in-line
(14% of the errors). The authors correct these
mistakes by implementing a gender disagreement
filter. Such errors simply reflect the lack of a
consistent gender slot in the tagger output.

AnaPro resembles this work in several aspects,
notably in the use of a tagger and regular
expressions for extracting additional positional and
relative information.

e The Anaphora solver of [21] is notable because it
works using the Wordnet ontology coupled with
heuristic rules. It identifies both intra-sentential
and inter-sentential antecedents of anaphors.
The judicious analysis of the hierarchical relation
of nouns and verbs in the surrounding text
supplies information about animacy (animacy
denotes the living entities, notably persons and
animals, which can be preferred by some gender-
marked pronouns). This is important, because
the identification of animacy entities and of the
use of pleonasms (for instance, pleonastic
pronouns that do not have an antecedent to refer
to) contributes to a higher resolution accuracy.
The main procedure has these steps:

o0 The text is parsed by a POS tagger, which
provides essential information (sentence
offset, word offset, word POS, base form, etc.)
for subsequent processing.

o (a) An NP finder module finds base noun
phrases in each sentence. Also, (b) capitalized
nouns, if found in a name gazetteer, identify
person names. (c) Number agreement is
implemented on the head noun. (d) Gender
feature is attached to each name, if uniquely
rendered. WordNet is useful here to provide
gender clues. If the noun can be masculine or
feminine, the gender attribute is ignored.

0 Anaphors are checked sequentially from the
beginning of the first sentence. Also, pleonastic-
it is checked, to avoid its resolution.

o The remaining noun phrases provide
antecedent candidates for resolution, which
are identified using predefined window sizes.
They are further refined by gender and
animacy agreement. WordNet is useful here

for the recognition of animate entities, which
are usually those hyponyms of {animal, fauna}
and {person, human being}. The procedure is
not so straightforward since a noun may have
several senses. WordNet is also used for
finding hyponyms of certain verbs starting
from the synsets {cognition}, {communication},
{emotion} and {social}.

0 The remaining candidates are evaluated using
heuristic rules. They are of two types:
preference rules and constraint rules. A
formula assigns a score to each candidate,
taking into account the candidate noun
phrase, the anaphora to be resolved, the
agreement between number, gender and
animacy, and the weight of the rule.

3.1 Anaphora resolution for Spanish texts

There are some studies that have addressed the
problem of identifying anaphoric references in
Spanish texts. The focus of those studies, their
resolution algorithms, and their limitations are
briefly mentioned.

e The Open Domain Question Answering Systems
[4] are tools capable of getting concrete answers
directly from natural language documents over
unrestricted domains, in response to precise
information needs from users. At least, they try to
find and extract those areas (of the documents)
from whose contents an answer to a specific
guestion can be obtained (by hand). Therefore,
those systems try to reduce the time invested by
users to find concrete information. They have
three modules. The first module is a standard
Information Retrieval system, collecting
documents that may be relevant to the query.
The second module, which uses SUPAR (Slot
Unification Parser for Anaphora Resolution?), has
as input the queries and the retrieved documents.
The third module is a Question Answering
system, which also interacts with SUPAR. It
divides the sentences of the documents in order
to find those where the correct answer appears. It
is in this second module where the pronominal
anaphora is resolved, using a lexical analyzer, a
syntactic analyzer and a module that solves

2 SUPAR also has three modules: lexical analysis,

syntactic analysis, and linguistic problem resolution.
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anaphors, extra-position, and ellipsis, when the
result is a slot structure (refer to the description of
Martinez’ work at the beginning of Section 3)
corresponding to the input sentence.

AnaPro does not use slot structures. Its resolution
mechanism is detailed in next section.

¢ [18] presents an algorithm for resolution of the
anaphora of a phrase (for third person pronouns,
PPg), demonstrative pronouns, DPg, reflexive
pronouns, RPr and missing pronouns (cero
pronouns, OPgR) in a prepositional phrase, PP, or
if they also complement personal pronouns (clitic
pronouns) in non-restricted Spanish texts. There
are restrictions and preferences for the different
types of nominal expressions. In the resolution of
Spanish anaphora, different kinds of knowledge
are considered: lexical, morphological, syntactic
and linguistic. It also gives a partial parsing for
pronouns that are not coreferential. The algorithm
has been tested on a corpus of 1,677 pronouns
with a success of 76.8%. The algorithm can be
easily extended to other languages such as
English, Portuguese, Italian, and Japanese.

The algorithm finds the different types of anaphora
from left to right, as they occur in the sentence.
The main steps of the algorithm are:

1. Identification of the type of pronoun.

2. Restrictions (a) morphological (person,
gender and number); (b) syntactic conditions
in NP —non-correferential pronouns.

3. Preferences. It is defined as a characteristic
or feature that does not always satisfy the
solution of an anaphor (it is sometimes unable
to resolve it).

Unlike other works that resolve some types of
anaphora using restrictions, and other types using
preferences, this work uses them together, since
the analysis flows from left to right in the sentence.
For instance, for pronominal anaphora, the
antecedents need to match person, gender and
number. Otherwise, they are discarded.

This work is quite close to AnaPro; the main
difference is that AnaPro uses somewhat
simpler mechanisms.

¢ [20] uses as input the slot structure generated by
the SUPP analyzer. This structure stores lexical,
syntactic, morphologic and semantic information
of each element of the grammar, and it also
includes an anaphora detection mechanism, as
well as another mechanism for its resolution. This
last method uses the information from the topic
detection system in order to determine the most
relevant antecedent among the general topics
list. The topics information joins the information
obtained from other sources to get the best
antecedent. In the same manner, once the
anaphora has been resolved, the antecedent
occupies the place left by the expression. This
system works via dialogues.

Next, it is a simple example in which Martinez’
algorithm [20] is applied to the resolution of
anaphora. It is a small dialogue where the system of
topics defines three spaces for anaphoric
accessibility: a) the space of the actual intervention,
b) the space of the previous intervention, and c) the
relevant topic in the current dialogue space. The first
and second spaces are directly determined thanks to
the labeling of turns characteristic of dialogues. The
third space is identified by two coefficients that
compute the use or lack of use of an entity; that is to
say, the importance or irrelevance of an entity
occurring in the current intervention.

The algorithm uses three lists to store the entities
that can be an antecedent (according to the
previously defined spaces). The list of current local
entities, Fa, contains the entities occurring in the
current intervention. The list of previous local
entities, Fa’, contains the entities that occurred in
the last intervention. The list of general topics, F,
contains the entities relevant in the dialogue,
evaluated according to frequency and distribution.

TO1: <H1> Buenos dias. {Good morning}
T02: <H2> Buenos dias. ¢ Qué deseas? {Good
morning. What do you want?}

T03: <H1> Quiero manzanas. {l want apples}
T04: <H2> ¢ De qué clase las quieres? {What
kind do you want them?}

TO05: <H1> No importa si son buenas. {It does
not matter as long as they are good}

TO6: <H2> Estas las he recibido esta mafiana.
Son muy buenas. {I have received these this
morning. They are very good}
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The algorithm starts by considering turns T01 and
T02 as continuation turns since they do not contain
any entity. Thus, the three lists remain empty until
T03. When processing T03, manzanas {apples} is
considered an entity, and is hence introduced in
the list of current local entities Fa:

Fa=[manzanas] {apples}

TO3 is therefore considered an intervention. When
it finishes, the entities in Fa are incorporated into
the list of general topics F with their corresponding
weight, and they are also stored in the list of
previous local entities Fa’. After these operations,
the lists are:

Fa=[]
Fa'=[manzanas] {apples}
F=[(manzanas,10)] {apples, 10}

In TO4, after the incorporation of clase {kind} as an
occurring entity, the first anaphora is detected, as
the pronoun las {them}. At this point the lists are:

Fa=[clase] {kind}
Fa'=[manzanas] {apples}
F=[(manzanas, 10)] {apples, 10}

To resolve the anaphora, the algorithm searches,
first, an antecedent in the list of current local
entities (Fa). It finds the entity clase {kind};
however, the intervention of the system of
restrictions rejects it, since it does not meet the
required morphological characteristics (it is looking
for a plural antecedent). In this way, since Fa does
not contain more candidates, the algorithm will
look into the previous local entities list, Fa’, finding
manzanas {apples}. After restrictions are applied,
manzanas is proposed as antecedent for the
pronoun and it is included as an entity in Fa:

Fa=[clase, manzanas] {kind, apples}

After processing the first sentence of T04, Fa’ is
emptied:
Fa'=[]
And when T04 is finished, the lists are:
Fa=[]
Fa'=[clase, manzanas] {kind, apples}

F=[(manzanas, 20), (clase, 10)]
{(apples, 20), (kind, 10)}

Since TO5 is a continuation turn, the lists do not
change. After T06, the weight of manzanas
increases because of new appearances of this
instance (introduced by the pronouns), while the
entity clase {kind} loses weight due to the opposite:

Fa=[]

Fa'=[manzanas, esta
{apples, this morning}
F=[(manzanas, 40),(esta mafiana,
10), (clase, 9)] {(apples, 40), (this
morning, 10), (kind, 9)}

mafiana]

We can see that the anaphora is resolved
returning manzanas as a valid result, according to
the coefficient that indicates the frequency of
occurrence of entity manzanas.

A shortcoming is that it does not incorporate
semantic information. Thus, it cannot rule out
antecedent candidates, and it proposes the use of
Spanish Wordnet (Internet reference 6) as lexical
tool, to learn semantic patterns between subject
and verb, and between verb and object. It does not
solve any other kind of references in the dialogue.

The relevant feature of AnaPro (our work), when
compared with the work of [20], is that AnaPro
resolves anaphora in texts and not in short
dialogues.

¢ [22] focuses on the anaphoric references, both
direct and indirect. His resolution algorithm is
based on the use of a thesaurus and on the
detection and contextualization of coreferences,
in such a way that not all the grammatical forms
are processed by the algorithm, but through an
entity exclusion process, irrelevant information is
thrown away.

The algorithm discovers the existing interrelation
between the coreference phenomena (direct and
indirect) and the indirect anaphora, and that both
use nominal referential expressions to manifest
their presence.

It determines the evaluation order required to
discriminate the phenomena that are used as basis
to detect the presence of the indirect anaphora.

It develops a method based in the scenario model
of the linguistic context that models the human
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reader, needed for the resolution of the indirect
anaphora and the coreferences. But one of its
shortcomings is that the additional information
needed is not automatically obtained. When the
system was tuned to use it with free text, its
precision was 51%, while the human expert
obtained a global average of 60%. With the
linguistic context based on the scenario model, it
achieves the automatic resolution of the nominal
indirect anaphora, with a strong dependence on
the additional information added.

e [11] proposes the development of a resolution
system for anaphora generated by third person
pronouns and adjective anaphors in the
dialogues (this work is the closest to our
algorithm). The system is based on a syntactic
analyzer that uses an extended grammar, context
independent, with unification elements. This
program incorporates the results of the research
to obtain handling patterns for verbs, adjectives,
and nouns from Spanish. These results allow
guantitative classification of the variations
generated by the analyzer, using the weights
assigned to the variations, following the values of
the subcategorization combinations. The weights
of the subcategorization combinations are the
result of a syntactic analysis process and of an
extraction following a statistical model that allows
determining the complements of verbs,
adjectives, and some nouns from Spanish,
starting from a text corpus.

[10] approaches the anaphora in Spanish and
resolves it through a sequence of semantic
criteria, generating an abductive theory (starting
from facts, an hypothesis is generated) for the
pronominal anaphora. They propose the following
resolution procedure:

1. Obtain the grammatical form of the sentence
and determine the main verb.

2. Incorporate the non-anaphoric referents that
show up in the analysis into the context.

3. Determine the anaphoric terms and their
features.

4. Determine, as a function of the type of
argument that the anaphora occupies with
respect to the main verb, its thematic role.

5. Look for possible referents for the anaphora,
among those occurring in the same and
former sentences. Each one must pass three
filters:

a. Grammatical agreement (it is the syntactic
consistency criterion).

b. Agreement between the thematic roles
(preferential criterion).

c. Semantic coherence of the resulting
sentence (a mixture of preferential and
semantic consistency criteria).

Finally, the paper presents a solution, although it
requires more experimentation to test the
hypotheses presented.

As we can appreciate, anaphora resolution is a
problem not yet fully solved. Hence, we have
proposed and implemented a solution based in
pattern identification and determiners enumeration,
which we now show.

4. The architecture of AnaPro
AnaPro works in five stages.

Stage 1: It receives a text tagged with EAGLE
tags [5]. The tagged text is stored in a structure in
the main memory, and the nominal expressions
are identified.

Stage 2: The pronominal syntagmas are identified,
and the cases of nominal ellipsis are stored.

Stage 3: The direct anaphoric references are
identified.

Stage 4: The anaphoric references go through a filter
of grammatical restrictions. Here, candidates (for
resolution) are identified. If ties exist, criteria of
preferences in the assignment apply so that only one
candidate is chosen for each anaphoric reference.

Stage 5: In the text, all pronouns solved in stage 4
are replaced by the chosen candidates.

We give a detailed description of the stages with the
help of an example.

4.1 Stage 1

This stage reads the tagged text, storing each word
and their tags in separate structures, which are
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numbered. Also, the nominal expressions are
obtained, through the use of the module “To obtain
the nominal expression” of AnaPro, which is
explained below.

A portion of text “La batalla de Puebla” {Puebla’s
battle} (Internet reference 3) shows AnaPro in action.

“La batalla de Puebla.

Aungue se considera en todo el pais, ésta se celebra
especialmente en Puebla, México, y en los estados
del Sur de Estados Unidos” {Puebla’s battle.
Although considered in all the country, it is celebrated
especially in Puebla, Mexico, and in the southern

Nominal expressions generated

NCFS0001 = la batalla de puebla {Puebla’s battle}
NCMS00011 = todo el pais {all the country}
NCFS00018 = Puebla

NCMS00020 = México

NCMPQ0025 = los estados del sur {the southern states}
NCMP00029 = Estados Unidos {United States}

states of USA}

See Tables 2 and 3 for the result of Stage 1 for this

example.
Tagged and numbered text

ADOFS00 = la uce;)l:fcsc)OOOZO -
{the} ADOMS010 = el Fx2] = -
NCFS0001 = {the} CC22 :'y {and}
batalla {battle} | NCMS00011 = SPS0023 = en
ACOMSP2 =de | pais {country} {in}
{of} Fel2 =, ADOMP024 =
NCFS0003 = PDOFS00013 = los {the}
puebla ésta {it, this} NCMP00025 =
{Puebla} P030000014 = se estados
Eg:_)__ {is} _ {states}

=aunque | VMSI3S015 = SPCMS26 = del
{although} celebra {of the}
P0O0000006 = {celebrate} NCMS00027 =
se {itis} RG16 = sur {South}
VMIP3S07 = especialmente SPS0028 = de
considera {especially} {of}
{considered} SPS0017 =en {in} _
SPS008 = en NCFS00018 = Esctszosoozg -
g?(];Msog Euleg 2 {States}

= C =,
todo {all} ACOMPP30 =
Unidos {United}

Table 2. Shows the tagged text, numbered
and distributed in three columns

Table 3 shows the nominal expressions generated
from the tagged and numbered text.

Table 3. Nominal expressions identified in the text. The
first characters of the tag mean: N (noun), C (common),
F (female), S (singular), M (masculine), P (plural). The
table shows the order in which they occur. The tagging is
done by the tagger TaggerFT [12] in a preprocessing
step. The nominal expressions are generated by the
tagger, and we only use several filters to identify and
delimit them correctly. They are shown here

Module “To obtain the nominal expression”
1. Each tagged word is numbered (by the tagger).

2. Using the tags, pronouns are identified as well as
their determiners and auxiliary types, through
the comparison between each tag and regular
expressions, be they a pronoun, noun,
adjective, etc.

For instance, to look for pronouns in the text,
which will be tagged as pronominal anaphoric
references, the expression shown in Figure 2 is
used. Figure 2 is expanded to Figure 3, showing
that a pronoun must match with one of these
expressions. It is required that a pronoun must
match with the first two of one of the
expressions of Figure 3. The remaining eight
symbols in the regular expression will define
with further detail each type of pronoun, such as
its gender and number, which is also considered
when searching for candidates.

Regular expressions are used to identify pronouns,
articles, nouns, adjectives and in some cases, to
distinguish among each particular pronoun, to
ascertain its gender and number in order to find pairs
of pronouns and nouns. Of course, we could find the
nominal expressions from direct analysis of the text
strings, but we find it easier to analyze the tags.
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“P[PDXTR] \ \ w{1,10}"

Tags starting with P
D,X,GorR

Followed with any of P,

Words of up to ten characters

Figure 2. Regular expression used to find pronouns in a text. It is divided in three parts:
the start of the tags, the following letters, and the length of the words

Once the pronouns or anaphoric pronouns are
identified, AnaPro locates the previous portion of text
where the possible nouns or determiners may exist,
those to which the pronoun refers. This area or range
is known as nominal expression, which contains the
anaphora and its possible determiners. The name
nominal expression was changed to sentence in the
implementation of AnaPro, for practical purposes.

P P********
P D********
PX********
PT********

P R********

Figure 3. Tag types, where asterisks indicate optional
areas, and the first two characters indicate the pattern to
look for. The standard requires that the tag of a pronoun
should have at least eight elements, and then we assign

an index, which could have from 1 to 10 digits. In this
step, the algorithm does not take into account the last 6
or 8 digits, since they provide no information to our tool

Function to generate nominal expressions. This
part of AnaPro, instead of dealing directly with nouns,
starts by correcting labeling errors “on the fly”, such
as the exchange of a noun label by a quality
adjective, in the case of a surname or a name. At the
same time, the first step is always to find the nucleus.
The process starts going through the text from start
to finish in a single cycle. When the first noun nucleus
is found, it stores the noun and its tag, then goes
back looking for (jumping over phrases or sentences,
moving backwards from the found noun) a
determiner article, qualifying adjective, number and
other modifiers.

These are sequentially added as they are found
(using a window of at most five elements, which in
our tests has never been exceeded). The cycle

repeats going forward from the noun, but with a
slightly modified order and nouns are sought. An
important step in this part is to keep absolutely all
the tags of the elements found going forward, in a
structure called ACpre. It is used to verify the limits
of the previous nominal expressions.

Let us assume that a nominal expression has two
qualifying adjectives, and immediately after them
there is a “new noun nucleus”, that is, a different
nominal expression. When the first nominal
expression is built, both qualifying adjectives are
added, but when the second nominal expression is
built, AnaPro first verifies if the qualifying adjectives
have been (or have not) previously been assigned.
If that is the case, the search backwards for nominal
elements is immediately interrupted. The same
happens with specific punctuation marks.

An important addition has been the use of date
tags as nuclei to construct nominal expressions
with historical dates or references to some year,
with all that this implies: use of prepositions,
numbers, months, and years.

The search for lists and plural expressions is also
added, looking for elements such as commas,
nouns and conjunctions, in order to generate a
single nominal expression, with the tag of the last
noun modified to be plural. The search of plurals
with conjunctions, unlike all the others, is not very
reliable since errors have been detected when a
conjunction is between two nouns. In this case its
effectiveness depends on the correct use of the
comma by the writer.

The ACpre structure. In the algorithm that
constructs nominal expressions, the ACpre
structure stores the names of all the nominal
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expressions at the same time they are being built,
starting from the first word up to the last period.
ACpre, a list, is used to avoid the construction of
nominal expressions with “name nuclei” that have
been previously used as part of a name of another
nominal expression. Example: el triunfo del
movimiento revolucionario {The success of the
revolutionary movement}. A first step renders
triunfo {success} as nucleus, the article el {the} is
placed before it, and del movimiento revolucionario
{of the revolutionary movement} is appended as
qualifying adjectives. A second step will find
movimiento revolucionario as nucleus and will try
to create a new nominal expression. But, upon
analyzing the ACpre structure, it will notice that
movimiento revolucionario has already been used
in a previous expression, therefore, it cannot be a
new nucleus. Hence, it is ignored.

4.2 Stage 2

This stage detects the pronominal syntagmas
containing pronouns as nucleus. At the same time,
all the cases of nominal ellipsis are stored.

Identification of pronominal
simple analysis of the tag will
pronominals. Example:

syntagmas. A
identify the

PDOFS00013 = ésta {this} (See Table 3)

Here we find only a syntagma as direct anaphoric
reference. Other examples of syntagmas are el
cual {that which}, la cual {that which}, el que {that
what}, which are also identified by AnaPro.

4.3 Stage 3

Candidates are identified, and direct anaphoric
references (with gender and number defined) are
resolved with a single candidate.

The module of AnaPro that does this task is the
Classifier. It finds the coincidences of pronouns
and nouns, classifying them as single or multiple
matches (in the case of ties). Finally, it looks for
the correct pairs.

Search for candidates. The tag found in Stage 2
is analyzed:

PDOFS00013 = ésta  {this}

It is identified as a female singular pronoun. Thus,
Stage 3 constructs the corresponding search pattern,
which is then applied when searching for candidates:

Index: 13 Pattern: N\w{1}FS\w{3,10} Sentence: 2

indicating that it has to look for female singular
nouns in the second or previous sentences.
Therefore, the candidate found is (refer to Tables 2
and 3):

NCFS0001 = La batalla de puebla {Puebla’s battle}
Therefore we have:

PDOFS00013 = NCFS0001
It means:
ésta {this} = La batalla de puebla {Puebla’s battle}

In other words, the tags found in Stage 2 are
converted by Stage 3 into regular expressions,
which then look for the corresponding nominal
expressions. Of course, more elaborate matching
procedures are found in the literature, but this use
of regular expressions is simpler and already
produces good results (at least for Spanish texts).

4.4 Stage 4

It solves special cases of pronouns and candidates
ties. This stage also uses the Classifier. Our
example does not have special cases or ties among
candidates. The following example has them:

Juan compr6 un boleto en la tienda. Este estaba
roto.

{John bought a ticket in the store. It was torn}

This is a tie, since there are several possible
candidates: Juan {John}, boleto {ticket} and tienda
{store}. tienda cannot be because Este {this} is a
masculine pronoun and tienda has female gender.

Solving the tie. To solve the tie, four important
criteria are taken into account:

1. Less distance to the noun.

2. Ifitis determined.

3. Less distance to the main verb.

4. Higher number of occurrences in the text.
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In case the first three criteria are not enough to
break the tie, the numbers of occurrences are
compared (fourth criteria). For this example, Table
4 shows the weights assigned to each candidate.

Criterion Juan {John} Fti(():fet?}
Less distance to the 0 1
noun
Is it determined? 0 1
Less distance to the
) 1 1
main verb
Higher number of
X 0 0
occurrences in text
Total 1 3

Table 4. Juan compré un boleto en la tienda. Este
estaba roto. Comparison using weights
among tied candidates

When comparing weights among candidates, we
obtain éste {this} = boleto {ticket}, hence solving
the sentence as follows:

Juan compré un boleto en la tienda. [El boleto]
estaba roto.

{John bought a ticket in the store. [The ticket]
was torn}

Therefore, Stage 4 uses a rather simple method to
solve ties. More complex methods could be used
(for instance, the theory that considers the “center”
of the discourse), but we are delighted to have
found a rather simple and easy to implement
procedure that, nevertheless, renders good results.

4.5 Stage 5

All the solved anaphors are replaced, yielding a
new text that facilitates further processing by OM*
(mentioned in Section 1). Pronouns are replaced
by their respective candidates. The module that
performs this task is the Resolver, which replaces
anaphora by their respective noun, generating an
output file with the anaphors resolved. In general,
this is a straightforward replacement module, with
some cosmetic variations to its output in order to
generate valid Spanish replacements.

Coming back to the previous example:

“La batalla de puebla. Aunque se considera en
todo el pais, ésta se celebra especialmente en
Puebla, México; y en los estados del sur de
Estados Unidos” {Puebla’s battle. Although
considered in all the country, it is celebrated
especially in Puebla, Mexico, and in the southern
states of USA}

As result of the Resolver, the output file would
contain:

“La batalla de puebla. Aunque se considera en
todo el pais, [la batalla] se celebra especialmente
en Puebla, México; y en los estados del sur de
Estados Unidos”

{Puebla’s battle. Although considered in all the
country, [the battle] is celebrated especially in
Puebla, Mexico, and in the Southern states of USA}

Although AnaPro resolves ésta {this} as referring
to la batalla de puebla {Puebla’'s battle}, when
replacing is done, only the nucleus of the nominal
expression is replaced. The expression la batalla
de puebla has as nucleus la batalla {the battle},
which is used in the replacing algorithm.

5. Using AnaPro

AnaPro has two versions: a console and a
graphical version. Before using any of them, a file
in .txt format is needed in order to generate the
tagged file Taller FT, which returns an extension
xt.tag. The Java virtual machine, version 1.2 or
higher, must be already installed. We use the
graphical version to show AnaPro in action.

For instance, in the document about the piano
(Internet reference 1):

El piano esta compuesto por una caja de
resonancia, a la que se ha agregado un teclado,
por donde se percuten las cuerdas de acero con
macillos forrados de fieltro, por éstos se clasifica
como instrumentos de percusion. Las primeras
composiciones especificas para este instrumento
surgieron alrededor del afio 1732, entre ellas
destacan las 12 sonatas para piano de Lodovico
Giustini. {The piano is composed of a sounding
board, to which a keyboard has been added,
through which the steel chords are struck with
hammers lined with felt; for this reason, it is
classified as a percussion instrument. The first
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specific compositions for this instrument arose
circa 1732. These include the 12 piano sonatas of
Lodovico Giustini}

With the help of the example, the functions of the
graphic interface (Figure 4) are explained

1. File menu, to open files with extension .txt.tag.
They should be located in the same folders
than the original text.

2. Tag showing original text, as found in the file.

3. Tag showing anaphoric references found by
AnaPro, the word indices inside the text, and
the noun corresponding to each reference; in
other words, its solution.

4. Tagged text, used as a reference to compare
it with the final tagged text.

5. Auxiliary view of tagged text, to compare it
with the anaphoric references.

a. It shows the nominal expressions generated
by AnaPro. Noun + adjectives, article.

6. It shows the new tagged text with the
anaphors solved.

7. It shows the text with the words already
replaced.

8. Erase all windows.

9. Button 10 stores the final file into the same
folderscontaining the initial text file.

Figure 5 shows the tag showing the anaphoric
references. The three sections marked A, B and
C are:

Section A contains the anaphoric references found
in the text, indicating the tag and then the word(s).

Section B shows the index of the references,
followed by the search pattern (if it is a masculine
pronoun, feminine, singular, etc.), and then it shows
the sentence where the anaphora was found.

Section C shows the solution to each anaphora
found by the resolver. When the Generar Archivo
{generate file} button is clicked, a new file is
produced, adding at the end of its name _ANA.
Thus, if its name is Mezcal.txt, the file generated
will be Mezcal_ANA.txt.

Archivol
2 3 4 5

6 7

Texto Original | Referencias Anaféricas | Texto Etiquetado | |  Texto Efi

[ b e

Finales 3

El piano estd compuesto por una caja de resonancia, ala que se ha
agregado un teclado, por donde se percuten las cuerdas de acero
con macillos forrados de fieltro; por éstos se clasifica como
instrumento de percusidn. Las primeras composiciones especificas
para este instrumento surgieron alrededor del afio 1732; entre ellas
destacan las 12 sonatas para piano de Lodovico Giustini.

ADOFP042 = las
AQOFP043 = primeras
MCFPO0044 = composiciones
ACOFP045 = especificas
SPS0046 = para
DDOMS047 = este
MCKMS00042 = instrumento
MIS3P049 = surgieron
RG50 = alrededor
SPCMS51 = del
MNCMS00052 = afio
7563 =1732
Fx54 =
SPS0055 = entre
PP3FPO0056 = ellas
MIP3P05T = destacan
ADOFPO5E = las
[7569 =12
MCFPO00G0 = sonatas
SPS0061 = para
MCWMS00062 = piano
SPS0063 =de
ACOMS064 = lodovico
MNCMS00065 = giustini
Fp66 =.

—{| [El piano estad compuesto por unz
caja se ha agregado un teclado,
las cuerdas de acero con macillc
los macillos se clasifica como in
Las primeras composiciones es
instrumento surgieron alrededor
composiciones destacan las 12
lodovico giustini.

9 10

| Reset || Generar Archivo de salida |

Figure 4. Graphical interface of the resolver
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Archivo

[ Texto Original | Referencias Anaféricas | Texto Etiquetado

PROCNO001Z = 12 que A
PDOMPO0034 = éstos
PP3FPO00SE = ellas

Indice: 12 Patron: Nw{1}FSw{3 10} Oracion: 1
Indice: 34 Patron: Nw{1}MPWw{3 10} Oracion: 1 B
Indice: 56 Patron: Nw{1}FPw{3,10} Oracion: 2

la que = una caja
éstos = macillos forrados C
ellas = las primeras composiciones especificas

Figure 5. Tag: Anaphoric references
6. Tests

Testing has been done using the following texts
taken from the Web:

1. “El piano” {the piano} (Internet reference 1),

2. “El burro flautista” flutist

(Internet reference 2),

{the donkey}

3. “Batalla de Puebla” {Puebla’s battle} (Internet
reference 3),

4. “Pancho Villa” (Internet reference 4) and

5. “Mario Almada” (Internet reference 5),
In all of them, AnaPro resolved automatically all
the pronominal anaphors found. The same was
done manually, in order to verify the effectiveness
of the program. The formula is:

Accuracy = Percentage of correct responses =
(number of anaphors correctly solved) / (total
number of anaphors in the document).

We prefer to use accuracy instead of precision
(which is the percentage of correct responses out
of the anaphors considered; instead, accuracy
considers all anaphors present in the text) or recall
(percentage of the anaphors considered out of the
anaphors in the text; instead, accuracy measures
success against all anaphors present in the text).
In other words, accuracy is the precision obtained
in the presence of perfect recall. Table 5 shows the
results obtained.

Accuracy

Number | Anaphors | Anaphors | (assumin

Text of solved by | solved by ga

words hand AnaPro perfect

tagger)

El 61 3 3 100
piano

Elburro | o7 1 1 100
flautista
Batalla

de 513 7 7 71.4
Puebla
Pancho

Villa 634 11 7 63.6
Mario

Almada 601 9 5 55.5

Table 5. Where anaphors are solved,
both by AnaPro and by hand

Failures, in most cases, were caused by final
tagging. Thus, tagging has been manually
corrected (to assume a perfect tagger). Retesting
yields the results in Table 6, where failures are
due to phrasing errors, or to very elaborate cases
or very specific situations in a particular discourse
(use of complex cohesion techniques), because
the reference becomes incoherent. An example of
these cases is the following fragment from Mario
Almada (Internet reference 5):

“...facilmente es expuesto a rodajes y en la Ciudad
de México empieza a trabajar en un centro
nocturno llamado Cabaret Sefiorial que era
propiedad de su padre. Pero antes de esto,
cuando su hermano Fernando empezo...” {...
easily is exposed to filming and in Mexico City [he]
starts to work in a night club called Cabaret
Sefiorial that belonged to his father. But before
this, when his brother Ferdinand started...}

The word esto {this} does not refer to a noun or a
candidate, but to a whole context previously cited,;
hence, it is difficult to produce a computer tool that
can resolve it.

We would like to perform larger tests, against
standardized Spanish texts, where the anaphors
were already found by hand. But, to our
knowledge, these standard texts do not exist for
Spanish. Our plan is to build these “standard texts”
(containing the resolution of anaphora done by
competent Spanish speakers) and then use them
to assess the accuracy of AnaPro.
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Annexs A, B and C shows the results of AnaPro on
the texts “The Piano”, “Pancho Villa” and “Mario
Almada”, respectively. For lack of space the results
of the documents “El burro Flautista” {The Flutist
Donkey} [internet reference 2] and “Batalla de
Puebla” {Puebla’s battle} [internet reference 3] are
not shown.

Accuracy

Number | Anaphors | Anaphors | (assumin

Text of solved by | solved by ga

words hand AnaPro perfect

tagger)
El

. 61 3 3 100
piano

Elburro | 47 1 1 100
flautista
Batalla

de 513 7 7 100
Puebla

Pancho | g4, 11 9 818
Villa
Mario

Almada 601 9 8 88.8

Table 6. The columns represent: texts analyzed, number
of words in each, manual solution, anaphoras solved
by AnaPro, and the accuracy of Anapro assuming
a perfect tagger (no mistakes in tagging)

6.1 Analyzing the failures of AnaPro

AnaPro has a high resolution success, except in
some cases. Another example is taken from the
same text (internet reference 5).

“Ha aparecido en mas de 200 peliculas, muchas
de las cuales eran drama clasico como su primer
film Madre Querida (1935). En ésta aparecio de
nifio con su hermano” {He has appeared in more
than 200 films, many of which were classic drama,
as his first film Beloved Mother (1935). In this he
came out as a boy with his brother.}

Here we have a phrasing error, because the text
uses a foreign word (film) that in Spanish is of
masculine gender (el filme), but the text refers to it
as ésta {this, feminine}. AnaPro generated the
nominal expression (a candidate) “film Madre
Querida” and assigned it the masculine gender.
That fools AnaPro, which looks further backwards
for a feminine candidate.

AnaPro heavily relies in the results of the tagger,
since the anaphoric references fail if the tagger
fails. If it is manually corrected (or by using a better
tagger), the resolution algorithm works quite well.

7. Conclusions and future work

A method has been developed, using regular
expressions, to separate, enumerate, and identify
pronominal syntagmas and candidates to resolve
the anaphoric references.

An algorithm has been designed and tested, able
to solve ties using only information present in the
text, statistical analysis of occurrences, text
distance, and specific wording criteria, in order to
assign weight to multiple candidates.

The method and algorithm are part of AnaPro,
which resolves direct anaphora given by pronouns
that occur in Spanish texts. The texts do not refer
to a particular topic. AnaPro is part of Project OM*
(a follow over to the Ph. D. thesis of one of the
authors, Cuevas, 2006), that tries to build the
ontology of the knowledge contained in a text, in
order to answer complex queries.

In order to minimize errors and to improve the
efficiency of AnaPro, it is necessary to perfect
the tagger, widening the scope of nouns
handled, in order to solve quickly the simpler
problems. Also, another tagger that uses EAGLE
standard can be used.

In order to go through larger texts, we plan to build
first standardized Spanish texts, where we can
locate the anaphors and tag them by hand.
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Annex A. Example. The Piano.

Archivo

Texto Original | Referencias Anaforicas | Texto Etiquetado |

Texto Etiquetado | Expresiones Nominales | Desempates |

[E9[=1c)

[El piano estd compuesto por una caja de resonancia, a la gue se ha
agregado un teclado, por donde se percuten las cuerdas de acero
con macillos forrados de fieltro; por éstos se clasifica comao
instrumento de percusidn. Las primeras composiciones especificas
para este instrumento surgieron alrededor del afio 17332, entre ellas
destacan las 12 sonatas para piano de Lodovico Siustini

{The piano is composed of
a sounding board, to which
a keyboard has been
added, through which the
steel chords are struck with
hammers lined with felt; for
this reason, it is classified
as a percussion instrument
The first specific
compositions for this
instrument arose circa 1732.
These include the 12 piano

ADOMS00 = el
s COMS0T = pianso
MIF3S0Z = esté
\ACOMSPE = compuesto
SPE004 = por
DIOFS05 = una
MNCFS0006 = caja
SPS007 = de
MNCFSD008 = resonancia
Feo=,
SPS0010=a
DOFS01 = 1a
PROCHOODTZ= gque
POODODONTSE = 58
(AIP350714 = ha
MPOOSH1 5 = agregado
DIOMSO016 = un
MCMS00017 = teclado
Folg=,
ISFS0018 = par
PRODOOONZ0 = donde
PO30000021 = se
MIP3POZ22 = percuten
DOFPO22 = las
MCFRO0024 = cuerdas
e

ISPS0027 = con

MNCMPOO02E = macillos
lACOMFPF2G = forrados
SPE0030 = de
MCMS00031 = fieltro
Fx33=;

SP20033 = por
FDOMFON0Z4 = éstos

El piann estd compuesta par una caia de resonancia, a la
cala se ha agregado un teclado, por donde se percuten
las cuerdas de acern con macillos farrados de fieltro; par
las macillos se clasifica coma instrumenta de percusidn
Las primeras composiciones especificas para este
instrumento surgieron alrededor del afio 1732; entre las
composiciones destacan las 12 sonatas para piano de
ladavica giustini

{The piano is composed of
a sounding board, to the
box a keyboard has been
added, through which the
steel chords are struck
with hammers lined with
felt; for the hammers it is
classified as a percussion
instrument. The first
specific compositions for
this instrument arose circa

Referencias Anaforicas | Texto

Texto

Expresiones Nominales

Desempates

Texto Original | Referencias Anaforicas | Texto

Texto

| Expresiones Nominales | Desempates |

anaphoric references. The center

rectangle shows the nominal
expressions. The right rectangle
shows the anaphoric references,

PROCNODO12 = a que -
POOMPO0034 = éslos h{Wh'Ch)
FRIFFON0SE = olas  (these}

{they}

**Asignacion de anaforas*™

{Anaphora assignment}
la gue = una caja

éstos = macillos forrados
ellas = las primeras composiciones especificas

{which = a box}

{these = felt hammers}
{they = the first specific
compositions}

MNCFS0006 = una caja
MCFS0008 = resonancia
MNCME00017 = un teclado
MNCFPOO0024 = |as cuerdas
MNCMEN0026 = acero
MNCMPOODZ8 = macillos forrados
MCMEI0031 = fieltro
MNCME00038 = instrumento
MCFS00040 = percusion
NCFPO0044 = |as primeras composiciones especificas
HCMS00048 = este instrumento
MNCMS00052 = del afio 1732
MNCFPOODED = |as 12 sonatas
MNCMEN00GE2 = piano
MNCME0006S5 = lodovico giustini

replaced.

las cuerdas de acero con macillos forrados de feliro; por
|os macillos se clasifica como instrumento de percusian
Las primeras cormposiciones especificas para este
instrumento surgieron alrededor del afio 1732; entre las
composiciones destacan 1as 12 sonatas para piano de
lodavico giustini

sonatas of Lodovico Giustini} panaooinis=se. 1732. Among the
M55 = etruments ‘igmpo?"“ons '”C'Utde thef
sPS0035 = de ) piano sonatas o0
MCFS00040 = percusidn
Fpat = " Lodovico Giustini}
BOOFP042 = |as
MOOFPDA2 = primeras
MCFFPO0044 = composiciones
I“CGOFPN45 = especificas
SPS004E = para
DDOMS047 = este
:@Eﬂ??ﬁi’l%a‘uﬁfﬁ?ﬂe o Annex A. The piano.
orcast < del The left rectangle shows the original
o317z text; the center rectangle shows the
5PE00ES = enira tagged text. The right rectangle
PP3FPDO0SE = ellas . .
MIESR0ET = dastanab shows .the final text, with the
il - anaphoric references replaced.

Reset | | Generar Archivo de salida
Annex A. Continuation. 5% |
Archivo The left rectangle shows the
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Archivo

Texto Original | Referencias Anaforicas r Texto Etiquetad:

Texto Etiquetado ‘ Expresiones Nominales rDesempates

FROCHO0012 = |3 que
PDOMPOO034 = éstos
PPIFPOO0SE = ellas

=Asignacion de anaforas™
la que = una caja

Estos = macillos farrados
ellas = las primeras composiciones especificas

Anafara: [ gue {Anaphor: which}
Fesos: {NCFEO008=1, NCFE0006=2} {(Weights}
Ccurrencias:  {NCFS0008=1, NCFE0008=1}

Resultado:  unacaja  {Result: a box}

Annex A. End.

The left rectangle shows the output of the
anaphoric references. The center rectangle
solves the ties. The third rectangle shows

the final text, with the anaphoric references
already replaced..

Annex B. Example. Pancho Villa.

El piaho esta compuesto por una caja de resonancia, ala
caja se ha agregado un teclado, por donde se percuten
las cuerdas de acero con macillos forrados de figltro; par
Ing macillos se clagifica como ingtrurnento de percusion.
Las primeras composiciones especificas para este
instrumentn surgieron alrededor del afio 1732; entre las
composiciones destacan las 12 sonatas para piano de
lodowica giustini.

Archivo

Texto Original | Referencias Anaféricas | Texto Etiquetado

Texto Etiquetado | Expresiones Nominales | Desempates

Fancho villa

(Doroten Arango Ardmbula) Revolucionario mexicano (San Juan del
Rio, Durango, 1876 - Parral, Ghihuahua, 1923). Campesino pobre,
huerfano ¥ con escasa formacion, cuando estalld la Revolugion de
1810 llevaba warios afios fugitivo en las montafias por haber
asesinadn a uno de l0s propietarios de la hacienda donde
trabajaba

Enseguida Pancho villa 52 unio a Madero en U lucha contra |a
dictadura de Forfirio Diaz, ¥ demostrd una hakilidad innata para la
guerra. Aprovechando su conocimiento del terreno y de los
carmnpesinos, farmd su propio ejéreito en el nore de México, can el
cual contribuyd 3l triunfo del movimiento revolucionario

En 1912 fue encarcelado, al sospechar el general Victoriano Huerta
que estaba implicado en 1a rebelidn de Orozco en defensa de las
ashiracionss sotiales del campesinade, qus Madara habla
postergado. Consiguid escapar a los Estados Unidos v, tras el
asesinato de Madero, regresa a México y forma un nuevo ejércitn
revolucionario, 1a Divisian del Morte (19133

Con ella apoy 13 lucha de venustiano Carranza v Erniliann Zapata
contra Huerta, que se hahia erigida en distador, Juntos le
derrocaron en 1914; pero después de |a victoria de esta segunda
rerenlucicn, Villay Zapata se sintieron defraudados por Carranza, ¥
olvieran a tomar las armas, ahora contra él. Esta vez |a suerte
militar no estuvo de su parte: Avaro Obregén derrotd 3 los villistas ¥
Carranza se consolidd en el poder, logranda el reconacimiento
oficial de su gobierno porlos Estados Unidos

Pancho Villa.

MIS3IF0224 = sintieron
ACOMPP225 = defraudados
SPS00226 = por
NCFSO000227 = carranza
Fe2z8=,

cciza=y

MIS3PO230 = volvieron
SP500231 = a
MMNOO00232 = tamar
ADOFPO233 = las
MNCFPO00234 = armas
Fe235=,

RG236= ahara
SFS00237 = contra
FPPIMS000238 = &l
Fr23a =

DDOFS0240 = esta
NOFSO000241 = vez
ADOFS0242 = 1a
NCFSO000243 = suerte
lnC0CS0244 = militar
RMZ45=no
MISIS0246 = estuvo
SPS00247 = de
DF3CS0348 = su
NCFS000240 = parte
Faz50 =

lLCOMS0251 = Abvaro
MOMSO000252 = obregan
MISIS0252 = derratd
SPS00254=a
ADOMPOZ255 = los
MNCCPOD02SE = villistas
CC35T=y
NOFSO000256 = carranza
FO300000259 = se
MIS3IS0260 = cansalidd
SPS00261 = en
ADOMS0262 = el
NCMSO00263 = poder
Fe26d =,

MGO000264 = logrando
ADOMS 0266 = el
MNCMSO00267 = reconocimiento
ACOCS026E = oficial

cPennTRa — da

| [Pancho villa tdoroten aranao arambulal revalucionario
mexicano (san juan del rio, durango, 1876 - parral,
chihuahua, 1923). Campesino pobre, huérfana ¥ con
escasa formacidn, cuando estalld la revolucion de 1910
llevaba warios afios fugitivo en las montafias por haber
asesinado auno de 105 propietarios de la hacienda
donde rabaiaba. Enseguida pancha villa se unid a
madero en su lucha contra la dictadura de porfiio diaz, v
demostrs una habilidad innata para 1a guerra
laprovechando su conocimiento del terrena y de los
campesinos, farmé su propio ejército en el nore de
mészico, con el ejército contriouyd al riunfo del movimiento
revolucionario. En 1813 fue encarcelado, al sospechar el
general victatiano huerta que estaba implicada en la
rebelidn de orozeo en defensa de |as aspiraciones
sociales del campesinado, que madero habia
postergadn. Consiguid escapar a 0s estados unidas v,
ras el asesinato de madero, regresd a mésico y forma un
nueva ejército revolucionario, 1a division del norte 1913
Gon la divisidn apoyd la lucha de venustiano carranza y
emiliano zapata contra huerta, que se hahia erigido en
dictadar. Jurtos le derrocaran en 1914; pero despuss de
|2 vicloria de esta segunda revolucidn, villa y zapata se
sintieron defraudados por carranza, y voluieron a tormar las
armas, ahora contra el dictador. Esta vez la suerte militar
no estuvo de su parte: abvaro obregan derrot a los
illistas y carranza se consolids en el poder, logrando el
reconocimiento oficial de su gobierno por los estados
unidos

Annex B. Pancho Villa

Output screens. Left rectangle: original
text. Center rectangle: tagged text. Right
rectangle: final text, with the anaphoric
references already replaced.

(Doroteo Arango Arambula) Mexican revolutionary (San Juan del Rio, Durango, 1876 — Parral, Chihuahua, 1923)
Poor peasant, orphan and with scanty schooling, when the 1910 revolution broke out, he was already several years
ago a fugitive in the mountains, for killing one of tbhe owners of the farm where he worked.

Then Pancho Villa joined Madero in his struggle against the dictatorship of Porfirio Diaz, and showed an innate

ability for war. Leveraging his knowledge of the land and the peasants, he formed his own army in Northern Mexico,
which contributed to the success of the revolutionary movement.

In 1912 he was jailed, since General Victoriano Huerta suspected he was involved in the revolution of Orozco in
defense of the social aspirations of the peasantry, which Madero had postponed. He escaped to the United States
and, after the assassination of Madero, returned to Mexico and formed a new revolutionary army, the Northern

Division (1913).

With it he supported the struggle of Emiliano Zapata and Venustiano Carranza against Huerta, who had emerged
as dictator. Together they overthrew him in 1914, but after the victory of the second revolution, Villa and Zapata felt
disappointed by Carranza, and took up arms again, now against him. This time military luck was not on his side:
Alvaro Obregon defeated Villa’s army and Carranza consolidated his power, and obtained the official recognition by

the U.S. government.
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FP3IFS000184 = ella fghe}
FRIMS000238 = &l

*+Asignacidn de anaforas*™

el cual = su prapio ejércita {Which = his own army}
ella=ladivision del norte
€l = dictador

{he = the dictator}

{he} {Anaphora asignment}

{she = the Northern Division}

NCFS00021 = chihuahua
z23= 1923
MNCMS00028 = campesine pobre
MCFS00033 = escasa farmacidn
MCFS00038 = Ia rewolucian

40=1910
MNCMPOON43 = afios fugitivo
MNCFRO004T = las montafias
MCMPOODSS = |os propietarios
MNCFS00058 = Ia hasienda
NGFS00064 = pancho villa
MCFS00071 = su lucha
MCFS00074 = Ia dictadura
NCMS00076 = porfirio diaz
MCFS00082 = una hahilidad innata
MNCFS00026 = 1a guerra
MNCMS00090 = su conocimiento del terrenc
MCMPOOOSE = 05 campesinos
MCME000101 = Su propio ejército

MCMS000113 = al friunfo del movimiento revolucionario
11a=1812

MCFS000134 = |2 rebelidn

MCMS000136 = orozeo

MCFS000138 = defensa

MCMPOOD155 = los estados unidos
MCMS000161 = el asesinato
MCMS000163 = madero
MCMS000167 = Prdsico
MCGMS000172 = un nueva ejército revalucionario
MCFS000176 = I3 divisidn del norte
180 =18132
MCFS000187 = Ia lucha
MCMPOO0192 = venustiano carranza ¥ emiliano zapata
MCFS000195 = huerta
MCMS000202 = dictador
208 =1914
MCFS000214 = |2 victoria
MCFPDO0223 = esta segunda revalucian, villa y zapata
MCFS000227 = carranza
MNCFPOO0234 = las armas
MCFS000241 = esta vez
MCFS000243 = 12 suerte militar
MCFS000249 = su parte
MCMS000252 = dlvaro obregdn
MCFROO0258 = l0s villistas v carranza
MCMS00026 | poder
MNCMS00026 | reconocimiento oficial
MCMS00037 u gobisrno
MCMPO00274 = los estados unidos

MCFPDO0141 = las aspiraciones sociales del campesinada

Archivo
‘ lLTEKln Original | Referencias Anaféricas | Texto Etiquetado | | Texto Eti | Expresi, i [ o
[PROCS000110=clcusl  fwhich} MCMS00018 = parral =

EIEX

Pancho villa (dorotes arange arambula) revolucionario
mexicana (san juan del rio, durango, 1876 - parral,
chihuahua, 1923). Campesina pobre, husrfano ¥ con
lescasa formacidn, cuando estalld 1a revalucian de 1910
llevaba varios afios fugitivo en las montafias por haber
msesinado a una de los propietarios de |a hacienda
Monde trabajaba. Enseguida pancho villa se unié a
madero en su lucha contra la dictadura de porfirio diaz, v
Memaostra una habilidad innata para la guerra
lsprovechandn su conacimienta del terrena v de las
ampesings, farms su propio elSreita en el norte de
méxico, con el eiérsito contribuyd al friunfa del movimienta
revolucionario. En 18132 fue encarcelado, al sospechar el
meneral victoriana huerta gue estaba implicado en la
rebelidn de orozeo en defensa de las aspiraciones
sociales del campesinada, que madera hahla
postergads. Consiguid escapar a los estados unidos y,
vas el asesinato de maders, regrest & mexicn y farms un
nueva ejérsito revolucionario, la divisidn del norte (1813)
ICon la divisian apoya |a lucha de venustiano carranza v
lemiliana zapata contra huerta, que se hahbia erigido en
dictador. Juntos le derrocaron en 1914; pero después de
la wictoria de esta segunda revolucidn, villa y zapata se
sintieron defraudadas por carranza, v valvieran a tamar las
jarmas, shora contra el dictadar. Esta vez 1a suerte railitar
ne estuvo de su parte: 4lvaro obregdn derrotd a los
illistas y carranza se consolidd en el poder, logrando el
recanacimiento oficial de su gobierno por los estados
uridos

Annex B. Continuation

Left rectangle: anaphoric
references. Center rectangle:
Nominal expressions. Right
rectangle: final text, with the
anaphoric references already
replaced.

H |

Reset | | Generar Archivo de salida

Archivo

Texto Original | Referencias Anaféricas | Texto Etiquetado

[ Texto Etiquetado | Expresiones Nominales | Desempates

WIS3P0224 = sintieron
[ACOMPP225 = defraudadns
SPS00226 = por
NCFS000227 = carranza
Fr2za=,

Cozza=y

WIS3P0230 = volieran
SPS00231 =4
WMO000232 = tormar
[ADOFPD233 = las
NCFPO00234 = armas
Fr23s=,

RG236= ahara
SPS00237 = contra
PP3MS000238 = &
Fp23a=

DOOFS0240 = esta
NCFS000241 = vez
lADOFS0242= Ia
NCFS000243 = suerte
lAC0CS0244 = militar
RMN245 = no
WIS3IS0246 = estuwn
SPS00247 = de
DP3CS0248 = su
NCFS000249 = parte

lACOMS0251 = alvaro
NCMS000252 = obregdn
WIS3I50253 = derrotd
SPS00254 = a
[ADOMPO255 = Ins
NCCPO00ZSE = villistas
CC257 =y
NCFS000258 = carranza
PO300000259 = se
WIS3IS0260 = consalidd
SPS00261 = en
[ADOMS0262 = el
RCMS000263 = pader
Fr264=,

WG0000265 = [ngrands
[ADOMS0266 = el
NCMS000267 = reconocimients
lAC0CS0266 = oficial
SPS00269 = de
DP3CS0270= su
RCMS000271 = gabiemo
SPS00272 =

Fozs0 =" Pancho Villa.
(Doroteo Arango Arambula) Mexican revolutionary (San Juan del Rio, Durango, 1876 — Parral,
Chihuahua, 1923) Poor peasant, orphan and with scanty schooling, when the 1910 revolution broke out,
he was already several years ago a fugitive in the mountains, for killing one of tbhe owners of the farm
where he worked.

Then Pancho Villa joined Madero in his struggle against the dictatorship of Porfirio Diaz, and showed
an innate ability for war. Leveraging his knowledge of the land and the peasants, he formed his own
army in Northern Mexico, with the army he contributed to the success of the revolutionary movement.

In 1912 he was jailed, since General Victoriano Huerta suspected he was involved in the revolution of
Orozco in defense of the social aspirations of the peasantry, which Madero had postponed. He escaped
to the United States and, after the assassination of Madero, returned to Mexico and formed a new
revolutionary army, the Northern Division (1913).

= nafara el cual

Fesos {NCMS000106=1, MCMS000104=1, NCMS000101=2, I
Ocurrencias:  {NCMS000106=2, NCMS000104=2, NGMS000101=2, M

{Result: his own army}

Resultado Su propio ejército

Annex B. End

Left rectangle: tagged text. Center
rectangle: breaking the ties. Right
rectangle: final text, with the anaphoric
references already replaced.

Fancha villa idoroten aranao arambula) revalucionario
mexicana (san juan del rio, durango, 1376 - parral,
chihuahua, 1323). Campesino pohre, huérfano v con
escasa formacidn, cuando estalld 1a revalucidn de 1310
llevaba varios afios fugitivo en las montafias por haber
msesinado a uno de los propietarios de |a hacienda
donde trabajaba. Enseguida pancho villa se unid a
madero en su lucha contra la dictadura de porfirio diaz, ¥
demostrd una hakilidad innata para la guerra.
tsprovechando su conocimiento delterreno v de los
rampesings, farmd su propio ejército en el nore de
meéxico, con el ejército contribuyd al triunfo del movimiento
revolucionario. En 1912 fue encarcelado, al sospechar el
weneral victoriano huerta que estaba implicado en la
rekelion de orozeo en defensa de las aspiraciones
isociales del campesinado, gue madero hahia
postergado. Consiguid escapar a los estados unidos y,
ras el asesinato de madero, regresd a méxico yforma un
nuevo ejéreito revolucionario, 1a division del norte (1913,
Zon la divisidn apoyd |a lucha de wenustiano carranza v
emiliano zapata contra huerta, gue se hahia erigido en
dictador, Juntos le derrocaron en 19814, pero después de
lawictoria de esta segunda revolucidn, villa y zapata se

isintieran defraudados por carranza, ¥ volvieron atomar las

[ADOMPOZ273 = Ins
NCMPODOZ74 = estados
[ACOMPP275 = unidos
Fp27e=

With the Division he supported the struggle of Emiliano Zapata and Venustiano Carranza against
Huerta, who had emerged as dictator. Together they overthrew him in 1914, but after the victory of the
second revolution, Villa and Zapata felt disappointed by Carranza, and took up arms again, now against

_ el dictador. This time military luck was not on his side: Alvaro Obregén defeated Villa’'s army and
[gsnerer aretn Carranza consolidated his power, and obtained the official recognition by the U.S. government.
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Annex C. Example. Mario Almada.

Annex C. Mario Almada
Left rectangle: original text. Center
rectangle: tagged text. Right rectangle: final
text, with the anaphors already replaced.

Texto Original Referencias Anaforicas Texto Etiquetado r Texto Etiquet:

Archivo
Texto Original | Referencias Anaféricas r Texto Etiquetado Texto Etiquetado | Expresiones Nominales r Desempates
Mario Amacs :gny\fg&naz:z: :‘h\.\e = [Wario almada nacié en huatabampo, sonora, méxico
i " - =z #parte de ser actor también es director, escritory
MNacid en Huatabampo, Sonora, México. Aparte de ser actor tarmbién RG2688 = también praductor de cine. Empezo su carrera artistica en los afios
es director, escritory productor de cine. Empezd su carrera aftistica SPS00290 = de 30 8n méxico. Ha aparecido sn mas de 200 peliculas
en los afios 30 en México. Ha aparecido en més de 200 peliculas, 281 = 1987 muchas de las pellculas eran drama ¢lasica como SL;
ruchas de las cuales eran drama clasico cormo su prirmer film Fcz82 = o -
L rimer film madre querida (1835) En |a carrera aparacia
Madre GQuerida (1935). En ésta aparecid de nifio con su hermano PRO0ODODO293 = donde Ee A coRad her?nann fes'nand)n almada quien E\zn =
Fernando Almada quien hizo un papel de extra. No volveria a MNCMS000284 = reaparecio napel de extra. Mo valeria a aparecerse en una tinta de
aparecerse en una cinta de cine hasta unas priximas décadas mas || |[SPS00285 = en cine hasta unas présimas décadas mas Almada
. . pEbESE Ll S HanaHS después se mudd de 5u ciudad natal huatabampo a la
Wmada después se mudd de su ciudad natal Huatabampo a la Fecz2a7 =, Ciudan ohreqdn y a guadalajara, en donde ¥ivio por vanos
Ciudad Obregdn v a Guadalajara, en donde vivid por varios afios SPE00298 = en afias hasta que inalmente e elslah\eclé eniEciidadde
hasta gue finalmente se establecit en la Ciudad de Méxica. Como 299= 1999 o iien, GO el At e e T At
wimada nacid en unatamilia ligada al cine, &l faciimente es Fezo0=, e b rieae expUbSto e radaies ien |4 il dad e
expuesto a rodajes y en la Ciudad de Mexico empieza a trabajaren MIS3S0301 = realizd T b s L Eak Aot e
un centro nocturna llamado Gabaret Sefiorial que era propiedad de || (MCMPOD030Z = dialogos abaret seRarial que.era propiedad e su padie. Per
SHhatne igg;gﬂgﬁ:far‘a antes de esto, cuando su hermano femando empezd una
. =& carrera en el cine como actor, mario decide quedarse
Fero antes de esto, cuando su hermano Fernando empezo una MCMZ000305=tema como productor. En 1953, escribe su primer guion para
carrera en el cine como actor, Mario decide guedarse como Fe306=" una pelicula, En 1965 ma‘nutumu’ el papel de bruna rey
nroductor. En 1963, escribe su primer guion para una pelicula. MCMS000307 = contrabando onila pelfcu\é\usj\neleﬁ de 1 bruja, 1a pelicula los
SPs00208 =en S
. " hermanos almada estaban produciendo y que fernando
En 1965 Mario fomad el papel de Bruno Rey en la pelicula Los AOOMPO309 = los era gl protagonista. Bruna re’; SaFahia Iait?mauu Aurante
inetes de |a Bruja, la cual los hermanos Almada estahan MNCMPOO0310= huevos el rodaje v maria ac‘gpté tornar su lugar. De 1997 & 2001
produciendo y que Fernando era el protagonista. Bruno Rey se Fe311=" Lo una impartante participacion con ei grupo
habia lastimado durante el rodaje v Mario aceptd tomar su lugar. RG212 = ademss exterminador para sus discosnarco cormidos 2donde
SPS00213 =de s i S
aparecio en portada v ademas realizd dialogos para la
De 1997 3 2001 tuvo una importante participacion con el Grupo MMOO00314 = participar mpaynr\'a de |§S Iemaz del disco. Daspues Egn el‘zm\a
Exterminador para sus discos "Narco Corridos 2° donde aparecio SPS00315=¢en pelaiz tarmbign de 1897, donde reaparecio en portada, en
en portada y ademas realizd didlogos para la mayoria de os temas LDOMS0316 = el PR N .
1583, lizéh dial It traband I
del disco. Después en El Chile Pelaiz también de 1937, donde MCMS000317 = video - lte,a,.‘,z,n, :I,a,.ﬂ,g??f,ar,a,e frf'.“ff'fa, a,n, D, E,“,PS‘,

Mario Almada.- Born in Huatabampo, Sonora, Mexico. In addition of being a great actor, he is also director, writer and
movie producer. He started his artistic career in the 1930s in Mexico. He has appeared in more than 200 movies, many of
which were classic drama, like his first film Madre Querida (1935). In this he appeared as a child with his brother
Fernando Almada, who performed as an extra. He would not appear again in a movie until several decades later.

Almada moved from his native Huatabampo to Ciudad Obregén and Guadalajara, where he lived for several years
until he finally settled in Mexico City. Since Almada was born in a family linked to films, he is easily exposed to filming and
in Mexico City he starts working in a night club called Cabaret Sefiorial which belonged to his father.

But before this, when his brother Ferdinand started a career in the movies as an actor, Mario decides to stay as
producer. In 1963, he writes his first screenplay for a movie.

In 1965 Mario performed the role of Bruno the King in the movie Riders of the Witch, which the Almada brothers were
producing, and where Fernando was the first actor. Bruno the King became injured during the filming and Mario accepted
to take his place.

From 1997 to 2001 he had an important participation with the group The Exterminator for their records “Narco Corridos
2" where he appeared in the cover, and he also conducted dialogues for most tracks in the album. After that, in El Chile
Pelaiz also from 1997, where he reappeared in the cover, in 1999 he performed dialogues for the theme “Smuggling in
the eggs” in addition to taking part in the video that was prohibited by SCT, and his last appearance was in the album
“Gathering of dogs” where he appeared with some other Mexican actors.
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Archivo
Texto Original | Referencias Anaféricas | Texto Etiquetado Texto Etiquetado | Expresiones Nominales | Desempates
PROCPODO4E = (35 cusles ; MCMS00085 = cine - - -
5 i . = Imad huatab
POOFS00061 = ssta (g (IO} NOFPIDNBS = unas privimas décadas [aparts o ser actor tambion e diracior, aecritary
g;ﬁ’gggg”ﬂgzi ‘f‘ . e Eggggggf’g;f” “‘d“";“k""a‘a‘, hstgbameo lpraductor de cine. Empezé su carrera artistica sn los afios
AL i ;':a:alg']a';g”” 20 en mexico. Ha aparecido en mas de 200 peliculas,
{which} . . — . o & imuchas de las peliculas eran drama clasico como su
SO acian e anatoras {Anaphora assignment } 'S;‘;;:;’:;'az;;“ primer film madre querida (1935). En I carrera aparecio
_ i . ) Shac de nifio con su hermano fernando almads quien hizo un
i pAGIRS: (which = 200 movies) JE e avel 56 e, Na vorvris 8 aparecsres ar una cima oo
g,ff = Su rarrera anislica ghis = his artistic career} foSiE=estn = ""a’ il — lcine hasta unas proximas décadas mas. Aimada
|E ’EIE_”"E iicuta {he = the movie} NcMqumaa:uTa 2nilia igacs: despugs se mudd de su ciudad natal huatabampo a la
edal=pnanalicula = St et et it ciudad obregon ¥ a guadalajara, en donde vivia por varios
ih = afi Stedes afins hasta que finalments se establecid en la ciudad de
{which = a film} MCFS000145 =13 ciudad - H
leSiepea iy r méxico. Como almada nacio en una familia ligada =l cine,
NCMEUUU153:mEX‘ED| ; 5 A A | |elcine faciiments es expuesto a rodajes v en |a ciudad de
e oy e RN AR ARt san e méxico empieza a trabajar en un centro nocturno llamado
NCMSEIDEHEE:FImF”EI} 2 cabaret sefiorial que era propiedad de su padre. Pero
NCMSDDEH?Q:ﬁu Hal 'Ef a antes de esto, cuando su hermano fernando empezd una
Sehiens L efranc lemanco carrera en el cine como aclor, mario decide guedarse
NcMsunm?giuTa carrpra coma productar. En 1963, escribe su primer guion para
Sekien i 2 f'”E una pelicula. En 1965 mario 1omo el papel de bruno rey
Sk b AL ?j' " en la pelicula los jinetes de |a bruja, la pelicula los
el g Ripdicior hermanos almada estaban produciendn ¥ que Ternando
Kt ) _ lera el protagonista. Bruno rey se hahbia lastimado durante
Sehiie e St F‘”'T,E’IQ“'”” &l rodaje v mario aceptd tomar su lugar. De 1997 a 2001
ot i Una:palictla uvo una importante participacion con el grupo
= lexterminador para sus discosnarco coridos 2donde
MNCMS000202 = mario : A el
St ety ; aparecid en portada y ademas realizé didlogos para la
Sk Z babs mayaria de l0s temas del disco. Después en el chile
el i ’“"‘IU, 'E“’ pelaiz tarnbién de 1997, donde reaparecio en portada, en
Mo oponno 5 = |a Pe '“: 2 11994, realizé dialogos para el temacontrabando en los
e ranona o :I‘ji“"g 28 huevosademas de participar en el video que fue prohibido
o251 — 1 e - bor 13 scty Su Gtima aparicion fue en el discoreunisn de
= los hermanos almada perronesdonde aparecid con algunas otros actores del
MNCCSa00230 = el protaganista P e resicant
NCMS000232 = bruno rey
NCMS000235 = el rodaje
NCMS000245 = Su lugar L
248 =1897
250 = 2001
NCFS000254 = una impartante participacion
NCMS000257 = el grupo exterminador
NCMPOODZET = sus discos
NCMS000263 = narco corridos 2
NCFS000277 = Ia mayoria . .
MCMPODDZED = los temas del disco Annex C. Continuation
NCMS000287 = el chile pelaiz . .
Sa = 1957 Left rectangle: anaphoric
NCMS000284 = reaparetio .
285 = 1585 references. Center rectangle:
NCMPODD302 = dialogos : : f
NEME00030% = ol 12ma nominal expressions. Third
NCMS000307 = contrabando . i i
NCMFODD310 = o husvas rectangle: final text, with anaphoras
NCMS000317 = el video
MCFE000323 = 1a set already replaced-
NCFS000327 = su dltima aparicicn
NCMS000321 = el gisco
NCFS000333 = reunian
MCMPOOD33S = perranes
NCMPOOD342 = algunos otros actores del cine mexicano
Reset| | | Generar Archivo de salida
B
Archivo
r[TeKlo Original | Referencias Anaféricas | Texto Etiqustado | [ Texto Etiquetado | Expresiones Nominales | Desempates
[PROCFOOD46 = Ias cuales nafora Ia cual = =
FOOFS00061 = ésta Pesos: {MNCFS000216=2, NCFS000211=2, NCFS000198=1} Z‘;::Ea;:‘asif :;ZII,D(:I,:::;:tagia;\r\riziﬂsrnzziar“;r:ixmﬂ
FPP3MS000136 = &l Qcurrencias {MNCFS000216=1, NCFS000211=3, NCFS000138=3} productar de cine. Empezd su carrera a.rﬁslica P A e
RRDGE00D S0 e 0l resultado: Hasheliciia 30 en méxico. Ha aparecido en mas de 200 peliculas,
. . . . muchas de las peliculas eran drama cldsico como su
ASIEREEIHl e EnaToras! primer film madre querida ¢(1335). En la carrera aparecid
_ " de nifio con su hermano fernando almada quien hizo un
ascuslosmainnallenlas papel de extra. Mo voler(a @ aparecerse en una cinta de
= T cine hasta unas préximas décadas mas. Almada
Annex C. End P s i e T
- . H ciudad obregdn y a guadalajara, en donde vivid por varios
Left rectangle: anaphoric references. Center | rolhatis e ineiments oo coimblet|o en 1 it de
A . - . . meéxica. Come almada nacid en una familia ligada al cine,
rectangle: breaking the ties. Right rectangle: final eicine cimente oo expussto a rodaies y en la viudad do
< méxico empieza a trabajar en un centro nocturno llamado
text, with anaphoras a|ready rep|aced cabaret sefiorial gue era propiedad de su padre. Pero
! . antes de esto, cuando Su hermano fernando empezo una
carrera en el cine comao actor, mario decide quedarse
como productor. En 1863, eseribe su primer guion para

Mario Almada.- Born in Huatabampo, Sonora, Mexico. In addition of being a great actor, he is also director, writer and movie
producer. He started his artistic career in the 1930s in Mexico. He has appeared in more than 200 movies, many of which were
classic drama, like his first film Madre Querida (1935). In this he appeared as a child with his brother Fernando Almada, who
performed as an extra. He would not appear again in a movie until several decades later.

Almada moved from his native Huatabampo to Ciudad Obregén and Guadalajara, where he lived for several years until he finally
settled in Mexico City. Since Almada was born in a family linked to films, he is easily exposed to filming and in Mexico City he starts
working in a night club called Cabaret Sefiorial which belonged to his father.

But before this, when his brother Ferdinand started a career in the movies as an actor, Mario decides to stay as producer. In
1963, he writes his first screenplay for a movie.

In 1965 Mario performed the role of Bruno the King in the movie Riders of the Witch, which the Almada brothers were producing,
and where Fernando was the first actor. Bruno the King became injured during the filming and Mario accepted to take his place.

From 1997 to 2001 he had an important participation with the group The Exterminator for their records “Narco Corridos 2” where
he appeared in the cover, and he also conducted dialogues for most tracks in the album. After that, in El Chile Pelaiz also from 1997,
where he reappeared in the cover, in 1999 he performed dialogues for the theme “Smuggling in the eggs” in addition to taking part in
the video that was prohibited by SCT, and his last appearance was in the album “Gathering of dogs” where he appeared with some
other Mexican actors.
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