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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.”

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). Thus, 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 a heuristic procedure to discover the semantics and help
in the decision. Its results are good (81-100% of correct answers); nevertheless, more tests will give a better idea of
its goodness.

Keywords: |.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 “El”, en la oracion “El esta triste”.

AnaPro soporta directamente andlisis de textos (para entender lo que el documento dice), esta es una tarea
no trivial ya que existen diferentes formas y estilos de escribir, referenciar, expresiones regionales (mexicanismos,
argentinismos, etc). Todavia se complica mas 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, verbos, ...) a cada palabra, encontrar las derivaciones, desambiguar sustantivos, verbos, preposiciones,
identificar expresiones coloquiales, identificar y resolver anaforas entre otras tareas.

AnaPro trabaja para oraciones en espafiol. Es un proceso novedoso porque es totalmente automético (no
requiere de la intervencion 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, se siguen introduciendo mas ejemplos nuevos que le daran mas fortaleza en sus
respuestas.

1. Introduction

The Spanish Royal Academy defines anaphora as
a “‘kind of deixis (the specific function of some
word, as this, those, |, there, above, yesterday,
now) that some words perform (for instance,
herself in Sally preferred the company of herself)
to pick up the meaning of a part of discourse (or
previous text) already expressed.” [Diccionario,
Edicion XXII, Online source 7]. To resolve an

anaphora is to know to which part of the discourse
the deixis is pointing. Webster's dictionary is
clearer: “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.”

Anaphora resolution is very important in Natural
Language Processing (NLP). In every case text
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coherence is paramount. So it is in Project OM*
(Ontology Merging), which uses frames [6] to
represent the context of the theme (of a Spanish
document), with the goal to transform that text into
an ontology that comprises its contents. This paper
describes AnaPro, one of the modules of OM*.
AnaPro determines the direct anaphora (when the
deixis are pronouns). Its output eases the building
of the part of the ontology that corresponds to the
text being analyzed. For instance.

El perro entr6 dentro del bote. El se deslizo
tristemente.

{The dog entered the boat. It sadly slided away}.

A person easily finds that the sliding was done by
the boat, but a program may have difficulty to find
out to which of the nouns perro {dog} or bote
{boat}, the pronoun él {he, it} refers to. In the
example, a person asks herself: who can slide
away? The boat, since the dog can not. 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.

Anaphora resolution has been an
important task for NLP during years. Because of its
importance, the problem haws been tackled from
several fronts. For instance, [8] use semantic
criteria, as described in §3.

Morales [7] 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 Martinez [4], 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 then is the referent). Although

with  some limitations, the work proposes
interesting improvements to the algorithm, as
described in 83.

Another approach suggests to use
linguistic and structural knowledge which are
domain-independent, as in [9]. 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
nouns, based on a corpus.

An important work, since it deals with
unrestricted domains, is that of [2]. 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 §3.

AnaPro only solves direct anaphora,
particularly pronoun resolution. Of the already
mentioned previous works, only Sidorov in [9]
resembles our solution.

The paper is thus organized: 81 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” (Online sources).

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 |t has been shown that syntactic, semantic
and pragmatic factors take part in it.

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 ...

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. Fort 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 [7]. For example, Eliseo entrd a un circo, el
payaso era muy simatico {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
approach (frames, [6]), 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.

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 that gives coherence to a text. Other
works such as Morales, [7] require a user. Instead,
Martinez, 2002, 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 (Martinez, 2002). Thus, full text can be
entered into the tool for its analysis and resolution.
For anaphora resolution and replacement of the
pronoun by its corresponding part of discourse, we
must understand what we mean when by the
coherence of a text.

2.2 Text coherence

The word text, from Latin textus, means weaving,
interlacing something. What distinguishes a text
from a sequence of loose sentences is the fact that
in the text, information interleaves and intertwines,
producing a unitary or unified sense, as a logical
thread. This, which is called semantic coherence,

guides us when we determine the theme or context
that the text describes, and through which
sentences lose ambiguity. Text coherence is text
consistency.

Text coherence is the property that points to the
information to be communicated and how it is to be
done, in what order, with what degree of accuracy
or detail, with which structure. Broadly speaking,
we can say that coherence is the property
responsible for the quantity, quality and structuring
of information. It is basically semantic; therefore, it
affects the true meaning of the text. To resolve
direct anaphora, AnaPro uses the following
linguistic model.

2.3 Linguistic model

The model used to solve direct anaphora generally
contains these four steps:

1. Description of the references, starting with
the determiners that function as common
markers of the different relationships in the
speech;

2. ldentification of the nominal ellipsis
(removal of the noun kernel, see § 2.4)
which affects the function of the
determiners since they are forced to
perform as if they were extrinsic pronouns;

3. Recording the referential expression and
entity concepts as support to explain the
reference and its variants: direct and
indirect correference, and direct and
indirect anaphora; and

4. Resolution of the reference.

Since the former points mention determiners, it is
necessary to define them.

2.4 Determiners

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

1.- Todos esos vehiculos estdn 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.
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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, esos, 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 (see examples
11 and 15).

Let us talk now about the nominal ellipsis, the
second step in the linguistic model.

2.5 The nominal ellipsis

If we define syntagma as a group of words, then a
noun syntagma or noun phrase is a group of words
(in a sentence) that plays the role of a noun. Since
our problem is anaphora resolution, this noun
phrase is also called core.

Noun ellipsis (omission) is within the limits
of the noun phrase. In it, the core is not expressed
(does not appear), and the syntagma is
represented by the remaining modifiers. In the
following example, X marks the suppressed
element (alumnos) {students} and the place of the
ellipsis:

2. Hoy vienen los alumnos de tercero;
mafiana los X de segundo. {Today, the third grade
students come; tomorrow, the second grade X}

Generally, the noun phrase occurs in the
ellipsis; nevertheless, there are cases such as:
Tengo dos relojes digitales de cuarzo que me han
traido. Te regalo uno. {I have two digital quartz
watches that somebody brought me. | give you
one}.

Some times, the selection of elements
taken from the preceding syntagma by the missing
syntagma depend on extralinguistic factors. For
instance, in the answer (to the above offer): "No,

gracias; ya tengo yo otro". {No, thank you, |
already have another}. In [3], point to a sequence
of precedences when it is necessary to take some
non core element from the antecedent. The
sequence (from higher to lower probability) is:
restrictive modifier (prepositional syntagma),
adjective, and quantifier. Every noun ellipsis
contains some new information that is precisely the
difference from its antecedent. Sometimes the
phonetic emphasis can guide the rejection of an
element from the antecedent noun ellipsis:

3. “Te fumaste 20 cigarrillos.” —“Me
fumé 10.” {You smoked 20
cigarettes. --1 smoked ten}.

The noun ellipsis is a linguistic economy
mechanism, because it can be inferred or
understood in the context of the discourse; no
linguistic entity appears that must be linked with an
antecedent; simply, an empty place is left,
signaling within brackets the omitted information;
for instance:

4, Juan dibuj6 una casa y Pedro
[dibuj6] una oveja. {John drew a
house and Peter [drew] a sheep}.

5. Juan toca el piano; Maria [toca] la
guitarra. {John plays piano; Mary
[plays] guitar}.

Ellipsis takes its full name according to the
missing element. Thus, in former examples 4 and
5 it is known as verb ellipsis because the verb is
the missing element. In this paper we focus on
noun ellipsis, because it alters the normal use of
the determiner, as the following examples show:

6. Juana compré una lavadora nueva,
pero Maria compré una [lavadora]
de segunda mano. {Jane
bought a new washing machine, but
Mary bought a second hand
[washing machine]}.

7. El compositor favorito de Juan es
Bach, pero el [compositor favorito]
de José es Handel. {The favorite
composer of John is Bach, but that
[favorite composer] of Joseph is
Handel}.




The determinants, una {a} and el {the} in
examples 6 and 7, fulfill the determining function
upon a noun or a noun phrase, in the first example,
but the ellipsis allows their omission in example 7.
In this case the determiner functions as if it were
an extrinsic pronoun, affecting the original function
of the determiner in the sentence.

The third point of the linguistic model refers to the
referential expression; let us talk about it now.

2.6 The referential expression

Considering the entity as the concept
associated with a linguistic reference, let us
paraphrase Saussure “the association between the
signified and the signifier.” The referential
expression can be defined as the linguistic
structure (expression) allowed to the emitter (or
author) in order to introduce, or to mention again,
the entities in the discourse.

The discourse is given in the
communication act, through the text, when the
emitter (or writer) introduces and discusses the
entities (individuals, objects, events, actions,
states, relations or attributes), be they abstract or
concrete. Although several types of referential
expressions do exist, such as the locative and
temporal pro formas, AnaPro is limited to the
nominal referential expressions; that is to say, to
the resolution of direct anaphora through
pronouns.

An important part of the algorithm given
here is the detection and marking of the referential
expressions, since they depend on the functioning
of the lexical units of the determiner type, which
can represent different functions within the
sentence, in addition to being affected by the
phenomena of ellipsis. As an initial example, we
present the determiners la {the} and una {a}.

8. Juan; bafia a la nifia, y José; la,
seca con la toalla;. {John; bathes
the girl, and Joseph; dries her, with
the towel,}.

In this example, the first occurrence of la
fulfils the function of the determiner (definite
article), but in the second occurrence, it functions
as an accusative pronoun, singular, third person.

9. Juan; compré una paleta, de dulce.
Maria; también compro unay. {John;

bought a lollipop,. Mary also bought
oney}.

In example 9, the first occurrence of una
fulfils the determiner (indefinite article), but its
second occurrence functions as the extrinsic
pronoun due to the ellipsis. Let us note that the
expression una, refers to the same concept of
lollipop but to a different object in the real world.
Now we give some examples where the
determiners are identified inside parenthesis:

10. Ni él mismo sabia a ciencia cierta lo
que pasaba. (adjetivo) {He himself
did not know for sure what was
happening} (adjective)

11. Se expresaba con cierta dificultad al
hablar... (det. Indef.) {He spoked
with certain difficulty when speaking}
(Indefinite determiner)

12. Caminé por las calles solitarias. En
algunas habia faroles... (pron.
Indef.) {I walked the empty streets.
Some had lanterns} (Indefinite
pronoun).

13. El techo tiene algunas manchas de
humedad. (det. Indef.) {The ceiling
has some water stains} (Indefinite
determiner)

14. Juan le entreg6 una carta a Luis y
otra a Sofia. (pron. Indef.) {John
gave a letter to Luis and another to
Sofia} (Indefinite pronoun).

15. Lo alcanzaremos en la otra calle.
(det. Indef.) {We'll catch him in the
other street} (Indefinite determiner)

16. ¢Corremos a la casa? Si, ala una, a
las dos y a las tres. (sustantivo) {Do
we run home? Yes, at once} (Noun).

It is important to see in example 16 the use of the
determiner la that converts another determiner into
noun, in the expression “a la una” {at once},
because in Spanish “everything that can be
preceded by a determiner is made noun.” Now we
present some examples about this phenomenon,
showing within parenthesis the original category of
the word (in italics) that is being used as a noun,
and underlining the determiner.

17. Juan le regal6 en su cumpleafios
una pulsera. (Det. cardinal) {John
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gave her a bracelet in her birthday}.
(Cardinal determiner).

18. Es suficiente acudir de cada tres
veces, una. (Pron. indef.) {It is
enough to go, of each three times,
once} (Indefinite pronoun).

19. Juan le guardaba desde entonces
una gran fidelidad. (Det. indef.)
{Since then, John showed a great
loyalty to her}.

20. Todos los colores me gustan pero el
rojo es mi favorito. (Adjetivo) {I like
all colors, but red is my favorite}.

21. Este “el” es un articulo y no un
pronombre... (Det. def.) {This “he” is
an article and not a pronoun}
(Definite determiner).

22. Tu reir me fascina. (verbo inf) {l
love your laugh} (Indefinite verb).

23. El ayer ya no existe. (adverbio)
{Yesterday does not exist} (Adverb).

24, Sobra esa de en tu oracién de la
tarea. (Det. def) {That “d” is extra in
your homework sentence} (Definite
determiner).

25. ¢;Porqué pone tanto pero a este
trabajo? (Conjuncién) {Why so much
objection to this work?}
(Conjunction).

According to the above, during the reading
process (left to right), when a determiner is found,
there are three possible cases:

1) There may be a noun, immediately or with
additional modifiers interposed, which is the most
“normal” case.

2) There may be a word that is fulfilling the
function of a noun (it is being used as a noun), and
which “normally” belongs to a different category.

3) There may not be a noun, because the
determiner is fulfilling another function in the
sentence.

These considerations are taken into
account in the algorithm that detects and marks
algorithm of nominal referential expressions.
Special mention deserve the contracted
prepositions al (a el) {to the} and del (de el) {of
the}, which function as determiners and thus
should be considered by the mentioned algorithm.

Once the referential expressions are defined, it is
time to define the coreference.

2.6.1 The coreference

Coreference is the relation between two noun
phrases that are interpreted as referring to the
same  extralinguistic  entity. In  linguistic
representations, coreference is conventionally
denoted by coindexing, for instance:

26. Maria; dijo que ella; vendria. {Mary;
said that she; would come}

where coreference is denoted by subscript 1 (ella)
{she} that refers to Mary.

2.7 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:

i. To identify as accurately as possible the
entity to which the emitter (or writer) is
referring to (the referred) with the
referential expression.

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

iii. If it has already been mentioned
(coreference), it will establish the link
between referential expressions in the

linguistic context; the first entity already
mentioned already has the link to the entity
in the discourse context.

iv. 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 82) are closely related.

3. Related work
There are some studies that have addressed

the problem of identifying anaphoric references in
the text. The focus of those studies, their resolution




algorithms and their limitations are
mentioned.

In [8] approach the anaphora in Spanish and
resolve 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 into the context the non
anaphoric referents that show up in the
analysis.

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.

Morales [7] focuses on the anaphoric
references, both direct and indirect. His resolution
algorithm is based in the use of a thesaurus, and in
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

briefly

human 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 in the scenario model, it
achieves the automatic resolution of the nominal
indirect anaphora, with a strong dependence on
the additional information added.

Martinez [4] 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 on dialogues.

Following is a simple example in which

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

T03: <H1> Quiero manzanas. {l want apples}
TO04: <H2> ¢De qué clase las quieres?. {Of what
kind do you want them?}

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

T06: <H2> Estas las he recibido esta mafiana.
Son muy buenas. {I have received these this
morning. They are very good}

The algorithm starts by considering the
turns TO1 and TO2 as continuation turns since they
do not contain any entity. Thus, the three lists
remain empty until TO3. When processing TO03,
manzanas {apples} is considered an entity, and
thus introduced in the list of current local entities
Fa:

Fa=[manzanas] {apples}

TO3 is thus 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 TO04 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 due to new appearances of this instance
(introduced by the pronouns), while the entity clase
{kind} loses weight due to the opposite:

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

esta mariana] {apples, this

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 can not
rule out antecedent candidates, and it proposes
the use of Spanish Wordnet [Online source 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 Martinez (2002),
is that AnaPro resolves anaphora in texts and not
in short dialogues.

Sidorov [9] propose 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 in 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.

The Open Domain Question Answering
Systems ([2]) 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
question can be obtained (by hand). Thus, 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 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.

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

4. Related work

AnaPro works in five stages.
Stage 1: It receives a text tagged with EAGLE tags
[10]. The tagged text is stored in a structure in 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.

! SUPAR also has three modules: lexical analysis,
syntactic analysis, and linguistic problem resolution.

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.

4.1 Stage 1

A portion of text “La batalla de Puebla”
{Puebla’s battle} [Online source 9] shows AnaPro
in action.

“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}.

This stage reads the tagged text, storing each
word and their tags in separate structures, which
are numbered. Also, the nominal expressions are
obtained, through the use of the module “To obtain
the nominal expression” of AnaPro, which is
explained below. See Table 1.

Tagged and numbered text
ADOFS00 = la ADOMSO010 = el NCMS00020 =
{the} {the} México
NCFS0001 = NCMS00011 = pais Fx21 =;
batalla {battle} {country} | CC22 =y {and}
ACOMSP2 =de Fcl2 =, SPS0023 =en {in}
{of} PDOFS00013 = ésta | ADOMP024 = los

NCFS0003 = {it, this} {the}
puebla P030000014 = se NCMP00025 =
{Puebla} {is} estados {states}
Fp4=. VMSI3S015 = SPCMS26 = del
CS5 = aunque celebra {of the}

{although} {celebrate} NCMS00027 = sur
P00000006 = se RG16 = {South}

{itis} especialmente SPS0028 = de
VMIP3S07 = {especially} {of}
considera SPS0017 = en NCMP00029 =
{considered} {in} Estados {States}
SPS008 = en NCFS00018 = ACOMPP30 =

{in} Puebla Unidos {United}
DIOMSO09 = todo {Puebla}

{all} Fcl9 =,

Table 1 showing the tagged text, numbered and
distributed in three columns.

Table 2 shows the nominal expressions generated
from the tagged and numbered text.
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Nominal expressions generated
NCFS0001 = la batalla de puebla
{Puebla’s battle}

NCMSO00011 = todo el pais {all the country}
NCFS00018 = Puebla
NCMS00020 = México
NCMPO00025 = los estados del sur

{the southern states}
NCMP00029 = Estados Unidos {United States}
Table 2. 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 TaggerFTG [5] in a preprocessing
step. The nominal expressions are generated by the
tagger, 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 Figurel is used. Figure 1
is expanded to Figure 2, 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 2. 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.

“P[PDXTR] \\ w{1,10}”

/

Tags starting withP Followed with any of
P,.D.X,GorR

Words of up to ten characters

Figure 1. 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.
PP********

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

Figure 2. 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, 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.

This type of expressions has been 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.

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 to. 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 inside the implementation of
AnaPro, for practical purposes.

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 always is 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 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, month and years.

Also added is the search for lists and plural
expressions, 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 surrounded by 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 trhe
names of all the nominal 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 been used already in a
previous expression, thus, it can not be a new
nucleus. Thus, 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 syntagmas:

PDOFS00013 = ésta {this} (See Table 2)

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,
where the following search pattern has been
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 1 and 2):

NCFS0001 = la batalla de puebla{Puebla’s
battle}
So that we have:

PDOFS00013 = NCFS0001

It means:
ésta {this} = la batalla de puebla {Puebla’s battle}

4.4 Stage 4

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

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:
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Juan compré 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 can not 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:

Less distance to the noun.

If it is determined.

Less distance to the main verb.

Higher number of occurrences in the text.

PwONPRE

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
3 shows the weights assigned to each candidate.

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

Criterion Juan {John} Boleto
{ticket}
Less distance to the noun 0 1
Is it determined? 0 1
Less distance to the main 1 1
verb
Higher number of 0 0
occurrences in text
Total 1 3
Table 3. Comparison using weights among tied

candidates.

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

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

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

4.5 Stage 5
All the solved anaphors are replaced, yielding a
new text that keeps coherence. 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.
Coming back to 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 (and to keep text coherence), 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, that returns an extension
.xt.tag. The Java virtual machine must be already
installed, version 1.2 or higher. We use the
graphical version to show AnaPro in action.
For instance, in the document about the piano
[Online source 1]:

El piano estd 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
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 3) are explained.

1. File menu, to open files with extension
xttag. 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. It stores the final file into the same folders
containing the initial text file.

Archival
2 3 a s 6 7

Texto Original | 6 1 | IL

€1 piano esté compussto por una caja de resonancia, 3 la aue s ha | |ADOFP042 = 1as =]

a0regaco unteciado, por donde se percuten Ias cuerdas de acero | |A00F043 = primeras

con por é "

s sed
Las primeras composiciones es
instrumento surgieron alreddor
composiciones destacan las 12
fodovico giustini

o as i
para este instrumento surg fedor del afio 1732 enre ellas
destacan las 12 sonatas para piano de Lodovico Giustin.

Figure 3 Graphical interface of the resolver.

Figure 4 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.

Archivoa

f Texto Original |T' Referencias Anaforicas r Texto Etiquetado

FROCMN00012 =1a que A
POOMPO0034 = éstos
FP3FPO00SE = ellas

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

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

Figure 4 — Tag: Anaphoric references.

6. Tests
Testing has been done using the following texts
taken from the Web:
1. “El piano” {the piano} [Online source 1],
2. “El burro flautista” {the flutist donkey}
[Online source 2],
3. “Batalla de Puebla”
[Online source 3],

{Puebla’s battle}

4. “Pancho Villa” {Pancho Villa} [Online
source 4] y

5. “Mario Almada” {Mario Almada} [Online
source 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:

(number of anaphors correctly solved) 1
(total number of anaphors in the document) ( )

Percentage of correct responses =

Table 4 shows the results obtained using formula
1).
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Text Num | Anaphors | Anaphors % of
ber of | solved by | solved by | success
word hand Anapro

S
El piano 61 3 3 100
El burro 97 1 1 100
flautista
Batalla 513 7 5 71.4
de
puebla
Pancho 634 11 7 63.6
Villa
Mario 601 9 5 55.5
Almada

Table 4 where anaphors are solved, both by AnaPro and by

hand

Failures, in most cases, were caused by final
tagging. Thus,
corrected (to assume a perfect tagger). Retesting
gives the results in Table 5.

tagging has been

manually

Text Number | Anaphors | Anaphors % of
of words | solved by | solved by success
hand AnaPro (with the
help of a
perfect
tagger)
El piano 61 3 3 100
El burro 97 1 1 100
flautista
Batalla 513 7 7 100
de
Puebla
Pancho 634 11 9 81.8
Villa
Mario 601 9 8 88.8
Almada

Table 5 Texts analyzed number of words, manual solution,
automatic solution (assuming a perfect tagger) and Precision
of AnaPro.

In this second result (Table 5), 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 [Online source 5]:
“...facilmente es expuesto a rodajes y en la Ciudad
de México empieza a trabajar en un centro
nocturno llamado Cabaret Seforial que era
propiedad de su padre. Pero antes de esto,
cuando su hermano Fernando empezé...” {...
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,;
thus, it is difficult to produce a computer tool that
can resolve it.

6.1 Analyzing the failures if AnaPro

AnaPro has a high resolution success, except
in some cases. Another example is taken from the
same text [Online source 5].

“Ha aparecido en mas de 200 peliculas, muchas
de las cuales eran drama clasico como su primer
film Madre Querida (1935). En ésta aparecié 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.

Conclusions and future work

A method has been developed, using regular
expressions, to separate, enumerate and identify
pronominal syntagmas, special cases of nominal
ellipsis 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.

Former 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, [1]), 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 quicly the simpler problems. Also,
another tagger that uses EAGLE standard can be
used.
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Annex A. Tables

Tagged and numbered text

ADOFS00 = la {the} ADOMSO010 = el {the} NCMS00020 = México
NCFS0001 = batalla {battle} NCMS00011 = pais {country} Fx21 =;
ACOMSP2 =de {of} Fcl2 =, CC22 =y {and}
NCFS0003 = puebla {Puebla} PDOFS00013 = ésta ({it, this} SPS0023 =en {in}
Fp4 =. P030000014 =se {is} ADOMPO024 = los {the}
CS5 = aunque {although} VMSI3S015 = celebra NCMPO00025 = estados {states}
P0O0000006 = se {itis} {celebrate} SPCMS26 = del {of the}
VMIP3S07 = considera RG16 = especialmente NCMS00027 = sur {South}
{considered} {especially} SPS0028 = de {of}
SPS008 = en {in} SPS0017 = en {in} NCMPO00029 = Estados {States}
DIOMSO09 = todo {all} NCFS00018 = Puebla ACOMPP30 = Unidos {United}

Fc19 =,

Table 1 showing the tagged text, numbered and distributed in three columns.

Nominal expressions generated
NCFS0001 = la batalla de puebla {Puebla’s battle}
NCMS00011 = todo el pais {all the country}
NCFS00018 = Puebla
NCMS00020 = México
NCMPO00025 = los estados del sur {the southern
states}
NCMP00029 = Estados Unidos {United States}
Table 2. 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 TaggerFTG [5] in a preprocessing step. The nominal expressions are generated by the tagger, we only use
several filters to identify and delimit them correctly. They are shown here.

Criterion Juan {John} Boleto {ticket}
Less distance to the noun 0 1
Is it determined? 0 1
Less distance to the main verb 1 1
Higher number of occurrences in text 0 0
Total 1 3
Table 3. Comparison using weights among tied candidates.
Text Number of Anaphors Anaphors solved % of
words solved by by Anapro success
hand
El piano 61 3 3 100
El burro 97 1 1 100
flautista
Batalla de 513 7 5 714
puebla
Pancho 634 11 7 63.6
Villa
Mario 601 9 5 55.5
Almada

Table 4 where anaphors are solved, both by AnaPro and by hand
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Text Number of Anaphors solved by | Anaphors solved by % de aciertos
words hand AnaPro (with the help of a

perfect tagger)
El piano 61 3 3 100
El burro flautista 97 1 1 100
Batalla de Puebla 513 7 7 100
Pancho Villa 634 11 9 81.8
Mario Almada 601 9 8 88.8

Table 5 Texts analyzed number of words, manual solution, automatic solution (assuming a perfect tagger) and
Precision of AnaPro.

Annex B. Figures

“P[PDXTR] \\ w{l,10}”

/

Tags starting with P Followed with any of
P.D.X. GorR

Words of up to ten characters

Figure 1. 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.

P P********
P D********
PX********
PT********
P R********
Figure 2. 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, 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.

Archivol

3

3 4

3 6 7

Texto Original r Referencias Anafdricas Texto Etiquetado

Texto Etiqguetado r Expresiones Nominales r Etiguetas Finales

El piano esta 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
WOOFP043 = primeras
NCFP00044 = composiciones
ILCOFP045 = especificas
'SPS0046 = para
DDOMS047 = este
MCMS00048 = instrumento
MIS3P049 = surgieron
RG50 = alrededor
ISPCMS51 = del
MNCMSD0052 = afio
753 =1732
Fx54 =,
[SPS0055 = entre
PP3FP0O0056 = ellas
MIP3P057 = destacan
“DOFPO58 = las
758 =12
MCFPOO0G0 = sonatas
ISPS0061 = para
MNCMS00062 = piano
ISPS0063 = de
ACOMS064 = lodovico
MNCMS00065 = giustini
Fpe6 =

8

El piano estd compuesto por un:
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
compaosiciones destacan las 12
lodovico giustini.

9 10

‘ Reset | | Generar Archivo de salida |

Figure 3 Graphical interface of the resolver




Archivo

r Texto Original |T Referencias Anaforicas r Texto Etiquetado |

FROCMNO0012Z = 1a que A
PDOMPOO0O34 = éstos
FP3FPO0056 = ellas

Indice: 12 Patron: Nw{1iF3w{3,10} Cracion: 1
Indice: 34 Patron: MNw{1IMPw{3,10} Qracion: 1 B
Indice: 56 Patron: MNw{1iFPw{3,10} Cracion: 2

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

Figure 4 — Tag: Anaphoric references
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!nnex ! !t”er examp|es

Archio

[ Texto Original | Referencias Anaféricas | Texto Ftiquetado |

l/ Texto Etiquetado | Expresiones Nominales | Desempates

El piano esta cormpuesto por una caja de resonancia, a la gue se ha
agregado un teclado, por donde se percuten las cuerdas de acero
con tnacillos forrados de fieltro; por éstos se clasifica como
instrurnento de percusidn. Las prifmeras composiciones especificas
para este instrurnento surgieron alrededaor 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 specific compositions for this
instrument arose circa 1732. These
include the 12 piano sonatas of
Lodovico Giustini}

wmDomMs00 = el
WCOMS01 = piano
MIP3502 = esta
WCOMSF3 = compuesto
SPS004 = por
DIOFS05 = una
MCFS0006 = caja
SPS007 = de
FCFS000E = resonancia
Fcd =,
SPS0010=2a
wWOOFsS011 = 1a
FROCHOO012 = gque
FOOO000013 = se
AIP2E014 = ha
MPOOSM1 5 = agregado
CHOME0T6 = un
MHCMS00017 = teclado
Foclg =,
SPS0019 = por
FROOOOO020 = donde
FO30000021 = se
MIF3F022 = percuten
WOOFFO232 = las
MCFPO00Z24 = cuerdas
SPS0025 = de
MCMS000Z26 = acero
SPS002F = con
FMCMPO00ZE = macillos
WIZOMPRP23 = forrados
SPS0030 = de
MCMS00031 = fieltro
Fx32 =
SPS0033 = poar
FOOMPOOO34 = éstos
FOO0000035 = se
MIF35036 = clasifica
537 = como
FCMS00038 = instrurmentao
SPS0039 = de
MZFS00040 = percusion
Fpal=.
WOOFFO42 = las
WOOFFO43 = primeras
FMCFFPO0044 = composiciones
WZOFFP045 = especificas
SPS0046 = para
CDOME04T = este
FICMS00042 = instrumento
MIS3IFO049 = surgieron
RS0 = alrededor
SPCME51 = del
FCMS00052 = afio
FTE3=1732
Fr54 =
SPS0055 = entre
FFPZFFO00S6G = ellas
MIP3F0ST = destacan
WOOFFOS52 = las
FE3 =12
MCFPODOG0 = sonatas

| |[El piano estd compuesto por una caja de resonancia, a la
caja se ha agregado un teclado, por donde se percuten
las cuerdas de acero con macillos forrados de fieltro; por
los macillos se clasifica como instrumento de percusion.
Las primeras composiciones especificas para este
instrurmento surgieron alrededor del afo 1732; entre las
composiciones destacan las 12 sonatas para piano de
Iocowico giusting

{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
T first specific compositions for
this instrument arose circa
1732. Among the
compositions include the 12
piano sonatas of Lodovico
Giustini}

FIRST EXAMPLE. THE PIANO.
The left rectangle shows the original text; the center
rectangle shows the tagged text. The right rectangle
shows the final text, with the anaphoric references
replaced.

{
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Referencias Anaforicas

Texto Original

Texto Etiquetado

Archivo

Texto Etiquetado Expresiones Nominales Desempates

FIRST EXAMPLE, CONTINUATION.
The left rectangle shows the anaphoric
references. The center rectangle shows the
nominal expressions. The right rectangle shows
the anaphoric references, replaced.

Texto Original Referencias Anaforicas r Texto Etiquetado

r Texto Etiquetado r Expresiones Nominales r Desempates

FROCMOOOTZ = la que -

PDOMPO0034 = é5tos th{WhICh}

PP3FPO005E = sllas 1LNESE}
ftheys

**Asignacion de anaforas™

_ {Anaphora
la que = una caja
éstos = macillos forrados
ellas = las primeras composiciones especificas

{which = a box}
{these = felt hammers}
{they = the first specific compositions}

MCFSO0006 = una caja
MCFS0002 = resanancia
MCMS00017 = un teclado
MCFPOO024 = las cuerdas
MCMS00026 = acero
FMCMPOO02E = macillos forrados
MCMS00031 = fieltro
FMCRME0003E8 = instrumento
MCFS00040 = parcusian
MCFPO0044 = las primeras composiciones especificas
MCMEDND4E = este instrurmenta
MZMS00052 = del afio 1732
MCFPOO0GO = las 12 sonatas
FCME00062 = piano
FMCME000E6S = lodovico giustini

El piano 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 fieltro; por
los macillos se clasifica como instrumento de percusidn.
Las primeras composiciones especificas para este
instrurmento surgieron alrededor del 2o 1732; entre 1as
composiciones destacan las 12 sonatas para piano de
lodowico giustin.
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Texto Original | Referencias Anaforicas r Texto Etiquetado | r Texto Etiquetado |’ Expresiones Nominales |’ Desempates

PROCNOO012= 2 ue Anafnré. la que {Anaphor: which} El piano estd compuesto por una caja de resonancia, a |3
PDONPONOS4 = Estos Pesos: _ {NCF30008=1, NGF30006=2} {Weights} caja $e ha agregado un teclada, por daonde se percuten
FPIFPOIDSE= ellas Ol:urrenu;afs. {NCFSQDDB:&' NCF|SFIDDEE1} las cuerdas de acero con macillos forrados de fieltro; por

asignacion de andforas™ Resultadc: unaceja {Result: a box} Ios macillos se clasifica como instrurnentu de percusidn.

Las primeras composiciones especificas para este
Ia gue = una caja FIRST EXAMPLE. END instrumenta surgieron alrededor del afio 1732; entre las
éstos = macillos forrados The left rectangle shows the output of the anaphoric references. ;:Dodrgsiuz?giizﬁiidestacan las 12 sonatas para piano de
ellas = las primeras composiciones especificas The center rectangle solves the ties. The third rectangle shows '
the final text, with the anaphoric references already replaced..
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f Texto Original rRBferencias Anaforicas r Texto Etiquetado |

f Texto Etiquetado r Expresiones Nominales r Desempates

Fancho illa

(Doroteo Arango Arambula) Revalucionario mexicana (San Juan del
Rio, Durango, 1276 - Parral, Chihuahua, 1922, Campesino pobre,
huerfana v con escasa farmacian, cuando estalld la Revolucion de
1910 llevaba warios afios fugitivo en las montafias por haber
asesinado a uno de los propietarios de la hacienda donde
trabajaba.

Ensequida Pancho Villa se unid a Madero en su lucha cantra la
dictadura de Poririo Diaz, v demostrd una hahbilidad innata para la
guerra. Aprovechando su conocimiento del terreno v de los
campesinos, formd su propio ejército en el norte de México, con el
cual contribuyd al triunfo del movimiento revolucionario.

En 1912 fue encarcelado, al sospechar el general Yictoriano Huerta
que estaba implicado en la rebelidn de Orozco en defensa de las
aspiraciones sociales del campesinado, gque Madero habia
postergado. Consiguid escapar a los Estados Unidaos v, tras el
asesinato de Madero, regresd a México v formo un nueyo ejército
revolucionario, la Divisidn del Morte (191 33

Con ella apoyd la lucha de Wenustiano Carranza v Emiliano Zapata
contra Huerta, que se habia erigido en dictador. Juntos le
derrocaron en 1814; pero después de la victoria de esta segunda
revolucidn, ¥Willa v Zapata se sintieron defraudados par Carranza, v
alvieron a tomar las armas, ahora contra &l Esta wez la suerte
militar no estuvo de su parte: Alvaro Ohregdn derrotd a los villistas v
Carranza se consolidd en el poder, logrando el reconocimiento
aficial de su gobierno por los Estados Linidos.

Pancho Villa.

MIS3IF0224 = sintieron
WCOMPP225 = defraudados
SFS00Z226 = par
MCFSO00227 = carranza
Foz28=,

Co2RE =y

MIS2IF0230 = valvieron
SFS00231 =4

PRIOOO02322 = tamar
WOOFFO0233 = las
MRCFRPOO0234 = armas
Fo23a=,

Fi3236 = ahara
SPES00237 = cantra
FFPIMS0O00235 = &l
Fp23o=.
DDOFS0240 = esta
MCFSO00241 = wver
WOOFS0242 = |a
FCFS000243 = suerte
WBC0CS0244 = militar
245 = no

MIS2IS0246 = estuvao
SPS00247 = de
DP2CE0248 = su
MIZFS000249 = parte
FoZ50=:

LCOMS0251 = alvaro
FCMS000252 = obhregon
MIS2S0253 = derrotd

SPS00254 =3

(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 Obregdn

PN DAY SR A I W H | i N I A T T HAdadadl lila cmmaiiimas mea B S A Lo NP I P & S |

Fanchiovilla (doroteo arango arambula) revolucionario
mexicano (san juan del rio, durango, 1876 - parral,
chitivahua, 1923). Campesino pobre, huérfano y con
escasa formacion, cuando estalld la revolucion de 1910
llewvaba warios afios fugitivo en las montafias por haber
asesinado a uno de los propietarios de la hacienda
donde trabajaba. Enseguida pancho willa se unid a
rmadero en su lucha contra la dictadura de porfirio diaz, v
demoastrd una habilidad innata para la guerra.
wprovechando su conocimiento del terreno v de los
campesinos, formd su propio ejército en el norte de
méxico, con el ejército contribuyd al triunfo del movimiento
revolucionario. En 1912 fue encarcelado, al sospechar el
general victariano huerta que estaba implicadao en la
rebelidgn de orozco en defensa de las aspiraciones
sociales del campesinado, que madero habia
postergado. Consiguid escapar a los estados unidos v,
tras el asesinato de madero, regresd a méxico v formd un
nuevo ejército revolucionario, la divisidon del norte (191 3.
Con la divisidn apoyd la lucha de venustiano carranza v
emiliano zapata contra huerta, que se habia erigido en
dictador. Juntos le derrocaron en 1314; pero despuas de
la victoria de esta segunda revalucidn, villa v zapata se
sintieron defraudados por carranza, yvolvieron a tomar las
armas, ahora contra el dictador. Esta vez la suerte militar
no estuvo de su parte: alvaro obregon derrotd a los
illistas v carranza se consolidd en el poder, logrando el
reconocimiento oficial de su gobierno por los estados
unidos.

dl

SECOND EXAMPLE: PANCHO VILLA
Output screens. Left rectangle: original
text. Center rectangle: tagged text. Right
rectangle: final text, with the anaphoric
references already replaced.
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Archivo

Texto Original Referencias Anaforicas r Texto Etiquetado |

|/ Texto Etiquetado r Expresiones Nominales r Desempates

FrRocso00110=elcual  {Which}
FP3Fs000124 = ella {She}

PP2MS000238 = é'{he} {AnaphOl’a

Asignacion de anaforas™
el cual = su propio ejército {Whlc_h = hlS own
ella = la divisian del norte  {she = the Northern Division}
el = dictador .
{he = the dictator}

FCMS00019 = parral
MCFS00021 = chihuahua
F23=1923
MCMSO002E6 = campesino pobre
MIZFS00033 = escasa formacian
MCFS00038 = la revolucidn
40=1910
MCMPO00432 = afios fugitivo
MCFFO0047F = las montafias
FCMPOODSS = los propietarios
FCFS00052 = la hacienda
MCFZS00064 = pancho villa
FRCFS00071 = su lucha
RCFS00074 = la dictadura
MCMS0007E = porfirio diaz
MCFSO00232 = una hahilidad innata
MCFS00086 = la guerra
FICME00030 = su conoacimiento del terreno
MCMPOOO96 = 0S5 campesinos
FMCMS000101 = suU propio ejército
FCMS000104 = el norte
MCMS000106 = mexica
FEME0001132 = al triunfo del movimiento revolucionario
1T19=1912
RCFS0001 24 = la rebelidn
FICMS000136 = orozco
MCGFS000138 = defensa
MCFPOO01 41 = las aspiraciones sociales del campesinado
MCMPOO01595 = los estados unidos
FCME000161 = el asesinata
FCMS00016S = madero
MCMS0001 67 = méxico
MCMS0001 72 = un nueyo ejército revolucionario
MIZFS0001 76 = la division del norte
180=15913
MCFS000157 = 1a lucha
FRCMPOOO1 92 = wvenustiano carranza v emiliano zapata
FCFS000195 = huerta
MCMS000202 = dictadar
208=1914
MCFS000214 = la victoria
MCFPO00222 = esta segunda revolucidn, willa v zapata
RCFSO00227 = carranza
FCFPOO0234 = las armas
FCFS000241 = esta vez
MCFS000243 = la suere militar
RIZFS000249 = su parte
FCMSO002Z52 = Alvaro obregon
FRCFPOO0258 = los villistas v carranza
MCMSO002E63 = el poder
RCMS000267 = el reconocimiento oficial
FMCMS000271 = su gobierno
MCMPO0027 4 = los estados unidos

Fancho villa {(doroteo arango arambula) revalucionario
rmexicano (san juan del rio, durango, 1276 - parral,
chihuahua, 1923). Campesino pobre, huérfano y con
escasa formacion, cuandao estalld la revolucidn de 1910
llewaba varios afios fugitivo en las montafias por haber
asesinado a uno de los propietarios de la hacienda
donde trabajaba. Enseguida pancho villa se unid a
madero en su lucha cantra la dictadura de porfirio diaz, v
dermostrd una hahilidad innata para la guerra
Wprovechando su conocimiento del terreno v de los
campesinos, formad su propio ejército en el norte de
rméxico, con el ejército contribuyd al triunfo del movimiento
revolucionario. En 1912 fue encarcelada, al sospechar el
general wictoriano huerta que estaba implicado en la
rebelidn de orozco en defensa de las aspiraciones
sociales del campesinado, gue madero habia
postergado. Consiguid escapar a los estados unidos v,
tras el asesinato de madero, regreso a mexico v formo un
nuewvo ejército revolucionario, la division del norte 19130,
Zon la division apoyd la lucha de venustiano carranza v
ermiliano zapata contra huerta, que se habia erigido en
dictador. Juntos le derrocaron en 1914; pero después de
la wictoria de esta segunda revolucidn, willa v zapata se
sintieron defraudados por carranza, v volvieron a tomar las
armas, ahora contra el dictadar. Esta vez la suerte militar
no estuvo de su parte: alvaro ohregdn derrott a los
illistas v carranza se consolidd en el poder, logrando el
reconocimiento oficial de su gobierno por los estados
unidos.

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

SECOND EXAMPLE: CONTINUATION
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Archivo

( Texto Original r Referencias Anaforicas r Texto Etiquetado L |/ Texto Etiquetado r Expresiones NMominales r Desempates

MIS3FP0224 = sintieron
WCOMPFRZ225 = defraudados
SFPS00226 = por
MCFS0O00227 = carranza
Fc228 =,

Co2FE=vy

MIS3FO0230 = volvieron
SFPS00231 =a

MERO000232 = tormar
WOOFFO233 = las
MCFPOO0234 = armas
Focl23s =,

G236 = ahora
SPS00237 = cantra
FFP3IMS000233 = &l
Fp220=.
DDOFS0240 = esta
MRCFS000241 = vez
AOOFS0242 = 1a
MCFS000243 = suere
AC0C50244 = militar
RMN245 = no

MIS350246 = estuwvo
SPS00247 = de
DP3CS0248 = su
MRCFS0002459 = parte
Fo2s0=:

ACOMES0251 = alvaro
MRCMS000252 = obregdn
MIS2S0253 = derrotd

SPS00254 =3
AOOMPO2Z255 = los
MCCPO0025E6 = villistas
CCZET =y
MCFS000258 = carranza
FOZ00000259 = se

MIS3IS02Z60 = consolidd
SFPS00261 = en
AOOMS0262 = el
FRCMS0002E3 = pader
Fr26d =,

MESO0000265 = [ogrando
AOOME02EE6 = el
MCMSO00267 = reconocimiento
ACOCS0268 = oficial
SFPS00269 = de
DF3C50270= 51
MCMS0O00271 = gobierno
SFPES00272 = por
AOOMFOZTE = los
rMRCPO0027 4 = estados
ACOMPP2745 = unidos
FR276 = .

Reset | | Generar Archin

= .;r;zfoosrg. fPI-J(CDUr\-?ISDDm OB=1 MCMSO001 0d=1 MCMSO000101=2 MO Fancho villa (doroteo arango arambula) revolucionario
Ocurrencias:  {NCMS0NN10A=2, NCMSNNN104=2, NCMSAN0101=2, NG &?:5:;5;913;2];)??::?A;;I.:éiilér?aggnféjr?iéarf_a%ir:racl'on
Resultado. SU propio ejercito {Result: his own army} escasa formacidn, cuando estalld la revolucidn de 1910
llevaba varios afios fugitivo en las montafias por haber
asesinado a uno de los propietarios de |a hacienda
donde trabajaba. Enseguida pancho villa se unid a
madera en su lucha contra la dictadura de porfirio diaz, ¥
demuostrd una hahkilidad innata para la guerra.
Wprovechando su canacimiento del terrena vy de los
campesinos, formad su propio ejército en el narte de
SECOND EXAMPLE. END tréxico, con el ejército contribuyd al triunfo del movimiento
! . revolucionario. En 1912 fue encarceladno, al sospechar el
Left rectangle: tagged text. Center rectangle: breaking general vicloriano huerta que estaba implicado en |a
the ties. Right rectangle: final text, with the anaphoric rebelidn de orozco en defensa de las aspiraciones

sociales del campesinado, que madero habia
postergado. Consiguid escapar a los estados unidos y,
tras el asesinato de madero, regresd a mexico y formad un
nuevo ejercito revolucionaria, la divisidn del norte (19130,
Zon la divisidn apoyd la lucha de venustiano carranza y
ermiliann zapata contra huerta, que se habia erigido en
dictador. Juntos le derrocaron en 1914; pero después de
la victoria de esta segunda revolucian, villa v zapata se
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sintieron defraudados por carranza, ¥ volvieron a tomar las
armas, ahora contra el dictador. Esta vez la suerte militar
no estuvo de su pare: alvaro ohregon derrotd a los

illistas v carranza se consolidd en el poder, logrando el
reconocirmiento oficial de su gobierno por los estados
un