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Abstract

Anaphora resolution is the process of finding an entity which points backward to a word or
phrase that has been introduced with more descriptive phrase in the text than the entity or
expression which is pointing back. An entity referring back is called anaphor, whereas the word
or phrase being referred is called antecedent. Anaphora resolution is used as a component in
NLP applications like machine translation, information extraction, question answering and others
to increase their effectiveness. Building complete anaphora resolution systems that incorporate
all linguistic information is complex and still not achieved because of the different nature of
languages and their complexities. In the case of Amharic language, it is even more complex
because of its rich morphology. In addition to independent anaphors, unlike other languages like

English, Amharic language has anaphors embedded inside words (hidden anaphors).

In this work, we have proposed Amharic anaphora resolution model using knowledge poor
anaphora resolution approach. The approach uses low levels of linguistic knowledge like
morphology to build anaphora resolution systems avoiding the need of complex knowledge like
semantic analysis, world knowledge and others. The proposed model takes Amharic texts as
input and preprocesses to tag the texts with word classes and various chunks. Anaphors, both
independent and hidden, and antecedents are identified from the preprocessed dataset. The model
deals with both intrasentential and intersentential type of anaphors. Finally, the resolution
process uses constraint and preference rules to identify the correct antecedent referred by the

anaphor.

To evaluate the performance of the model, Amharic texts are collected from Walta Information
Center (WIC) and Amharic Holy Bible and used as datasets. The collected dataset was divided
into training and testing datasets based on 10-fold cross validation technique. Based on the
collected dataset, we achieved a success rate of 81.79% for resolution of hidden anaphors

whereas an accuracy of 70.91% was obtained for resolution of independent anaphors.

Keywords: Amharic anaphora resolution, knowledge poor anaphora resolution approach, hidden

anaphors.
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CHAPTER ONE

INTRODUCTION

1.1. Background

The word anaphora came from two ancient Greek words ,,ana” and ,,phora®. ,,Ana“ means back,
upstream, back in an upward direction whereas ,phora” means the act of carrying. So, anaphora
means the act of carrying back upstream [18, 26]. It is a technique or phenomena of pointing
back to an entity that has been introduced with more descriptive phrase in the text than the entity
or expression which is referring back. The entity referred in the text can be anything like object,
concept, individual, process, or any other thing [1]. When the referred entity is in forward
direction it is called cataphora which is the reverse of anaphora. The expression which is
referring back is called anaphor, whereas the previous expression being referred is called
antecedent. The process of finding the antecedent for an anaphor is Anaphora Resolution [2].
The relation exists between an anaphor and antecedent increases cohesiveness of sentences
because it is used frequently in both written and oral communications to avoid over repetition of

terms. The correct interpretation of anaphora is vital for Natural Language Processing.

Since determining the relation existed between anaphors and antecedents is complex task, how
they are related and which entity is referring to which entity in sentences is not easy to
determine, resolution of anaphoric reference is one of the most challenging tasks in the field of
Natural Language Processing [4]. Anaphora resolution process includes tasks like interpretation
of pronouns, definite descriptions and others whose correct interpretation contributes greatly to
the effectiveness of anaphora resolution process. Most of the researches performed in the area of
anaphora resolution were aimed at the resolution of pronouns or one type of anaphora because it
is very complex to deal with the complete anaphora resolution concepts because sometimes there
are situations where human beings even face difficulty of dealing with. Anaphora resolution has
a heavily interdisciplinary character. In addition to the contributions of computational linguistics,
it also depends on other disciplines like logic, philosophy, psychology, neurology,

communication theory and others. Though there have been many researches performed for
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decades, still it needs more researches to make the problem complete which shows how complex
it is. It is also considered as ,,Al-complete” which means solving this problem means making

computers think.

Though the resolution of anaphora is complex it needs to be addressed strongly for the
effectiveness of NLP applications like information retrieval, information extraction, question
answering, machine translations and many others. Especially in languages like Amharic where
the researches are being active, proper handling of anaphora resolution would make other NLP

applications effective.

See the following examples to get clear understanding of anaphora resolution.

Examples:

1. Abebe loves Meron. He wants to invite her for dinner.
In this example, ,je,, and ,her,, are anaphors referring to the antecedents ,Abebe,, and
,Meron,, respectively

2. From the beginning of March, a new airline will be operating to Addis Ababa. 1t is

expected to bring new tourists to the furst biggest Ethiopian city.

In this example, ,the first biggest Ethiopian city* is anaphor referring to the antecedent
,Addis Ababa,,

3. Hé FPF PR G heFAU-: 2P0 D97 152G TImA R0 LNEN1D- IC 3=
In this example, ,,#7A.$@97  js anaphor referring to the antecedent ,, ¢ #7h.¢,,

4. Wash and core four cooking apples. Put them in a fire-proof dish.

In this example ,shem™ is anaphor referring to the antecedent ,four cooking apples,,
5. Abebe needed a car to get his new job. He decided that se wanted something sporty. Kebede
went to the Toyota dealership with him. He bought a Corolla.

In this example, all the anaphors refer to the antecedent ,Abebe,, The last ,He* (He bought a
Corolla) in the above example is more complex to solve than other ,He"s. Taking the
antecedent of it as both ,Abebe,, and ,Kebede,, seems to make correct interpretation. This

kind of issues make anaphora resolution complex.
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6. ANN O NA: hHL ORA OL FIPUCT (LT BL::
In this example, the verb ,j28‘ refers back to the subject 47° Identifying how the verb ,,4€,
refers to the subject ‘A0N‘ is solved with the help of morphological analizer. The morpheme
information that the morphological analizers extract help identify hidden pronouns like

personal pronoun ,he* (Ac+) hidden inside the verb €

7. DAOO NéA4 BATC 27184 DL NP0 FCrE LOJ AL 07104 L&NP7 105 ANN OH14 LH 17 ha
&+ @L9° NG 1LH L1057 U-te NAM ANG P TO-::

Mo85 49° ANN LtATS 7¢ heT04GAT 22 A TIHA QATT OL +OALNT ALO ANO @LTNAD-
09y 22 o0 et FAP Ot THR AQE ATE TLOES vt AR ASE (LU b @O ARS.Parm-
hLLl1:

In the above two paragraphs the underlined words represent some of the anaphors and the
antecedents. For example, in the first paragraph %k 7l 405, 97D refer to the antecedent
‘A0N‘ but additionally the word “%4n%,#7@- also refers to the mentioned writers. There are
hidden anaphors in the word “%4n1%#7@-. The hidden anaphors in it are ,he,, (Att) and ,they,,

(WICQY).

To identify these kinds of hidden anaphors it needs morphological analyzer which makes

Ambharic anaphora resolution process complex than other languages like English.
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1.2. Statement of the problem

It could be easy for humans to identify which anaphora identifies which word or antecedent in a
sentence or to extract hidden anaphors from sentences but it is hard for machines to correctly do
so. When it comes to Amharic language it becomes even harder because it is a morphologically

rich language like other Semitic languages.

Studies show that many entities or words in sentences are referred by anaphors, yet they are
ignored in many NLP applications like question answering, machine translation, information
extraction, opinion mining, text summarization and other many applications. But the use of

anaphora resolution in these applications improves their performance [5].

Currently, NLP for Amharic language is being one of the major research areas in Ethiopia but
there is nothing so far done in the area of anaphora resolution as to the best knowledge of the

researcher.
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1.3. Objectives

The general and specific objectives of this work are stated below

1.3.1. General Objective

The general objective of this research work is to design a model for Amharic anaphora resolution

1.3.2. Specific Objectives

The specific objectives are:

e Review literatures in the area of anaphora resolution and different approaches needed to
solve it.

e Study the nature and characteristics of Amharic language

e Collect Amharic documents to be used as dataset

e Develop a model for Amharic anaphora resolution

e Develop a prototype using the model developed

e Evaluate performance of the model

1.4. Methods

The methods followed to achieve the objectives of this work are described in the following

sections

Literature review

Literature review is one of the most important tasks or methods needed for the successful
completion of research papers. So, the researcher reviewed different kind of anaphora resolution
related books, articles, conference proceeding papers, thesis documents, and others many to get
clear understanding on the subject area. Different kind of existing approaches to solve the
anaphora are also reviewed. Moreover, the already designed anaphora resolution systems for
other languages are reviewed. In addition to all this, to understand the nature and structure of
Ambharic language, books, articles and others which are useful for this understanding are

reviewed.
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Data Collection

Initially our plan was to collect Amharic documents which are POS tagged. But, we didn“t get
POS tagged Ambharic texts as we planned. So, in addition to collecting tagged documents, we
annotated some Amharic texts manually. Preparing and collecting dataset for this work was very
challenging task. The collected and tagged documents are used for both training and testing

datasets.

Tools
Python 3.2 programming language is used to develop a prototype for Anaphora Resolution
Model.

Hornmorpho is used to generate morphological information of collected Amharic texts (i.e. to
generate morphemes of those texts). It is a Python program that analyzes Amharic, Oromo, and
Tigrinya words into their constituent morphemes (meaningful parts) and generates words, given

a root or stem and a representation of the word"s grammatical structure [6].

Ambharic Chunker is used to chunk POS tagged Amharic documents. It is a system developed
to chunk POS tagged Amharic documents [19]. Initially our plan was to chunk all POS tagged
documents using this system; but it needs some modification to chunk and also manually

preprocessing input data. As a result, we chunked some Ambharic texts manually.

SERA is used to Romanize Ethiopic scripts. It is a system to convert Ethiopic script into the

seven bit American Standard for Computer Information Interchange (ASCII) [36].

Prototype Development

Prototype is developed to test effectiveness the model using python 3.2 programming language.

Testing
Performance of the model is tested by giving preprocessed Amharic texts and checking whether

anaphors in the document are matched to their antecedents correctly or not.
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The following methods or formulas were used to test the model:

Number of correctly resolved anaphors

Sucess rate =

(1.1)

Number of all anaphors

Number of correctly resolved anaphors

Critical sucess rate =

(1.2)

Number of anaphors with more than one antecedent

In the formula (1.2) above, Number of anaphors with more than one antecedent are number of

anaphors left after morphological is filter applied.

1.5. Scope and Limitation

The scope of this research is limited to the following stated points:
» Cataphora is not considered.
» The model will be applied only for text or written documents.
» The model assumes full sentences which are grammatically, syntactically, and
semantically correct.
» The model will be applied only for Amharic pronominal anaphora types specifically

personal pronouns.

1.6. Significance of the study

Anaphora is used to maintain cohesiveness of sentences i.e. they maintain flow of sentences. As
a result, they are important to determine the meaning of sentences. When they are not treated

properly they could even change the meaning or interpretation of a sentence.

Nowadays, anaphora resolution is being addressed in many NLP applications because it
improves their performance when treated properly [5, 7, 8, 19, 21, 27]. The following listed NLP
applications are some of the applications where anaphora resolution can be applied to improve
their performance:

» Machine Translation

> Information extraction
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» Text summarization
» Question answering
» Opinion mining

» Dialogue systems

Moreover, this research work will motivate researchers to work on this area for further study.
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1.7.  Thesis Organization

The rest of the thesis is organized as follows. Chapter 2 discusses the process of anaphora
resolution, different forms of anaphora, background history on anaphora resolution, anaphora
resolution approaches, introduction of Amharic language and other related concepts. Chapter 3
discusses works which are related to anaphora resolution. Since there is no work in the area of
anaphora resolution for Amharic language, to the best knowledge of the researcher, related
works in other languages are discussed. Chapter 4 discusses the design and implementation of
anaphora resolution model. It discusses about architecture of Amharic anaphora resolution,
prototype development and algorithm used. Chapter 5 discusses about dataset preparation,
testing methods used and performance result of the model. Conclusions and recommendations of

this work are presented in chapter 6. References are given at the end.
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CHAPTER TWO

LITERATURE REVIEW

Researcch in the area of anaphora resolution is started in 1960s with the start of research in the
area of artificial intelligence. Main focus of the projects designed those days was making
systems intelligent enough to accept instructions from humans in natural language for simple
tasks. To make that objective achievable, addressing of anaphora resolution, especially pronoun
resolution was necessary. The systems called STUDENT and SHRDLU were very famous
among the systems designed at that time. The system called STUDENT was designed to give
answers to word problems found in high school algebra lessons whereas SHRDLU was designed
to give commands to a robot which was capable of moving objects. The approach that those
systems followed was limited to a number of heuristic rules while lacking deeper theoretical
knowledge in the area [18, 26, 40]. This chapter discusses about the different forms or types of
anaphora, anaphora resolution process, anaphora resolution approaches and other related issues.

Moreover, it gives brief introduction on Amharic language.

2.1. Forms of anaphora

Anaphora can be divided into pronominal anaphora, lexical noun phrase anaphora, noun
anaphora, verb anaphora, adverb anaphora or zero anaphora based on the form of the anaphor or
syntactic category of the anaphor. It can also be classified into intrasentential or intersentential
based on the location of the anaphor [4, 21, 27, 28]. The different types of anaphora mentioned

above are discussed in the following sections.

2.1.1. Pronominal anaphora

Pronominal anaphora is type of anaphora that is used in many research papers and as a result it is
the most common and known type of anaphora. It occurs when the anaphors are pronouns [2, 4,

18,21, 27, 28].

Example,

Today I met Betel and her boyfriend.
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In this example, ,/er’ is the anaphor and ,Betel’ is its antecedent.
Personal, possessive and demonstrative pronouns both singular and plural are categorized under

pronominal anaphora [21].

2.1.2. Lexical noun phrase anaphora

This type of anaphora occurs when the anaphor is categorized as definite noun phrase while the

antecedent is proper name [2, 4, 21, 27, 28].

Example,
Hailemariam welcomes the nomination of Daniel to the vice-presidency of the ECB. The

Prime Minister of Ethiopia said "Ethiopia would be very well represented by the

governor of the National Bank of Ethiopia, Daniel Berhan, were to be chosen for the post

of vice-president of the European Central Bank".

In the above example the definite noun phrase ,,The Prime Minister of Ethiopia’ is the anaphor
whereas the proper name ,Hailemariam’ is its antecedent. This form of anaphora increases
cohesiveness of the sentence by adding more information to the sentences. Lexical noun phrase

anaphora may appear in several forms.
e when anaphors and antecedents have the same head [28]:

Example,

Today I ate enjera at breakfast. That enjera was really tasty.

In the above example, ,,That enjera’ is the anaphor for the antecedent ,enjera’.

e  When antecedents and anaphors are different in words but synonyms [28].

Example,
The police ordered the bus to stop and asked the driver to leave the vehicle.

In the above example, ,,bus™“and ,,vehicle” are synonyms. The anaphor ,,véhicle” refers to the

antecedent ,,bus®
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e When the anaphor and antecedent have generalization or hypernym relationship [28]:

Example,
Addis Ababa won the tourists choice awards for ,,fastest growing city in Africa™.

The Ethiopian capital has received the award this year.

In example above, the more generalized word ,,Addis Ababa“ is referred by ,,The Ethiopian
capital” i.e. ,,The Ethiopian capital which is the anaphor referring back describes the more

specific or general word ,,Addis Ababa“

e When the anaphor and antecedent have specialization or hyponymy relationship [28]:

Example,

Ethiopian woman wins gold medal in athletics. Tirunesh Dibaba beat at the final

the Keniyan contestant Eunice Jepkorir.

In the above example, more general or specific word ,, Tirunesh Dibaba“ refers back to the word
,Fthiopian woman®, which means the word, anaphor in this case, that needs description or
explanation about itself is referring to the antecedent ,Ethiopian woman™ that gives more

information than the anaphor.

2.1.3. Noun anaphora

This type of anaphora occurs when there is a relation between anaphor and antecedent as name

and noun phrase [27, 28].

Example,

The dog is sleeping. Anbes, as the owners call him, enjoys long naps.

In the above example, a name is anaphor for the sentence. ,,Anbes* refers to the antecedent ,,The

ee

dog™.
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2.1.4. Verb anaphora
This type of anaphora occurs when anaphor is verb while antecedent is verb or verb phrase [4,

21,27, 28].

Example,

As the mother told the child to stop walking it did so.

In the example above, the verb anaphor ,,did* refer to the verb phrase antecedent ,,stop walking"

2.1.5. Adverb anaphora

This type of anaphora occurs when the anaphor is adverb [21, 27, 28].

Example:

I was born in Addis Ababa and live here since ever.

In the example above, the anaphor ,,here” refers to the antecedent ,,Addis Ababa“

2.1.6. Zero anaphora

This type of anaphora occurs when anaphor referring to antecedent is zeroed which is to mean
that it occurs when anaphor is not mentioned explicitly in sentences. Some of the most common

types of zero anaphora are presented as follows [2, 4, 21, 27, 28].

e Zero pronominal anaphora [28]:
This type of anaphora occurs when pronominal anaphors are omitted from sentences as
the following example.
Example,

Bereket is sleepy. (He) Diddn“t sleep all night.

e Zero noun anaphora [28]:
This type of anaphora occurs when the head noun of Noun phrase is omitted in the

sentence.
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Example:
There were many lead guitars in the shop before one hour, now there are

none.

e Verb phrase zero anaphora [28]:
This type of anaphora occurs when the anaphor, verb phrase in this case, is omitted from

the sentence.

Example:

Cherinet wanted to go to Diredawa, but Misgana did not.

2.1.7. Intrasentential and intersentential anaphora

As it is discussed in Section 2.1 anaphors are also classified into intrasentential or intersentential
based on the location of the antecedents. If the anaphor and its antecedent occur in the same
sentence it is called intrasentential anaphora whereas if they occur in different sentences it is

called intersentential anaphora [2, 18, 21, 27, 28].

Example:

1. Abebe loves Meron. He wants to invite her for dinner.

2. Today I met Betel and her boyfriend.

From the above examples, the first example shows intersentential type of anaphora because the
anaphors and antecedents are in two different sentences, whereas the second example shows

intrasentential type of anaphora because the anaphor and antecedent found in the same sentence.

2.2.  The process of anaphora resolution

The study of anaphora is a complex phenomenon which needs the involvement of different areas
of linguistics such as morphology, syntax, semantics and discourse. However, it goes beyond the
area of linguistics and attracted the attention of researchers from different disciplines such as
psychology and computer science. It also needs fundamental issues of world knowledge
representation and reasoning. Resolving anaphora automatically is called anaphora resolution

[27].
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Government and Binding Theory, Centering Theory (CT), Rhetorical Structural Theory (RST)
and Discourse Representation Theory among others are the theories that laid a strong ground for
the growth of anaphoric related issues [40]. Government and Binding Theory revolutionized the
way of investigating language and gave many valuable insights to the issues of anaphoric
reference. The famous principles of this theory are known as Principles A, B and C [40].
Centering Theory is a complex theory that models issues related to prominence of discourse
objects. Just like binding theory it makes various claims about anaphoric expressions and their
referential properties. But it also studies anaphoric expressions and their referential properties
from a different perspective through investigating local textual coherence. The algorithm called
as BFP is probably the most known algorithm utilized the concept of Centering Theory to
interpret pronominal anaphora [40]. Discourse Representation Theory (DRT) is another theory
which helped the growth of anaphora resolution by providing rules. This theory provides rules to
solve anaphora by giving context information about the sentences. Context information about
sentences is captured because Discourse Representation Structures which is built and updated
algorithmically by rules proposed by this theory and based on syntactic representation of
sentences captures all information about entities mentioned in the sentence and the relations
among them [40]. Sources of knowledge required in the process of resolving anaphors are

presented as follows [27].

e Morphological and lexical knowledge: are among the most important parts to resolve
anaphora correctly. Part-of-speech, gender, number and person information are
categorized in this part. They give us information necessary to identify the pronouns,
which are among the types of anaphors, easily. This part is also needed to minimize the
candidate lists for the anaphors by discarding candidates which don®t fulfill the criteria to
be selected as correct antecedent of the anaphors like disagreement of anaphors with

antecedent in number, gender and person.

e Syntactic knowledge: information about constituents like NPs, clauses, sentences can be

identified using syntactic knowledge of the language.
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e Semantic knowledge: this knowledge helps to validate whether the anaphors referring to
the antecedent is semantically correct or not i.e., it helps to check whether the anaphor-

antecedent relation makes sense or not.

e Discourse knowledge: anaphora is has discourse phenomenon because it contributes to
the cohesion and coherence of discourse. As a result, knowledge about discourse

structure is important to resolve the anaphora.

e Real-world (commonsense) knowledge: This is the most difficult of the knowledge*s
required to apply and resolve anaphors. For example, it needs solving “the FBI”, “the
Pope” and “the UK” automatically when they are found in sentences which needs real

world knowledge to solve it.

Depending on the inherent characteristics of languages, AR may pass through several steps.

However, the steps listed below are three main steps needed to resolve anaphors [27].

i. ldentification of anaphors: all anaphors found in dataset are identified by this step (i.e.
the resolution of anaphors starts with identifying which anaphors to solve). Tokenizer, part

of speech tagger and chunker are used to perform this task.

ii. ldentifying the location of candidates: This stage is used to identify potential antecedents
from the dataset. It may need going backward or forward from the position of anaphors.
Most of the time search scope is limited to like 2 or 3 sentences because of the performance

issues.

iii. Selection of an antecedent from the set of candidates: This stage is used to propose the
correct antecedent from a set of candidate antecedent if it is found, or propose nothing if

the correct antecedent is not found.

Tokenization, part-of-speech tagging and determination of noun phrase structure are the
minimum level of tasks needed to process the input text to AR systems [27]. These tasks make
the identification of anaphors and antecedents easy. Mostly noun phrases are the most commonly

focused areas used as antecedents to solve the anaphors because others like verb phrases,
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paragraphs, sentences as antecedents to solve anaphors is very complicated task. Within the
specified scope limit initially all noun phrases can be potential candidate antecedents [18]. So,
the only noun phrase or noun which best matches the anaphor in question is selected from the

candidate antecedents.

2.3. Constraint and preference rules

Antecedent indicators or factors is a general name given for constraint and preference rules.
They are crucial for the resolution of anaphora [18, 12, 27]. In the below sections we will discuss
some of those rules. Constraint and preference rules mentioned below are not exhaustive; we
mentioned only some of the commonly used rules. Some of the rules are general and can be
applied to all languages whereas some are not applicable to all language. Both rules are

discussed in the following sections.

Constraint rules: are called eliminative because they must need to be satisfied for any
antecedent to be considered as candidate antecedent for the anaphora resolution. The antecedents
that can't satisfy constraint rules are discarded and will not pass to the next step of anaphora
resolution. So, when the antecedents couldn“t satisfy the constraint rules they are taken as they
can‘t be correct antecedent of the anaphors and discarded. Their strength is measured on how
well they filter the antecedents. Gender, number and person agreement, c-command constraints,

selectional restrictions are common constraint rules used in most researches [18, 21].

Number, gender, and person agreement: are constraint rules used in most research papers.
Noun phrases and anaphors usually match in number (singular or plural), gender (male or
female) and person (first person, second person, third person). If anaphor is singular then the
number constraint expects antecedent to be singular as well. Gender and person agreement
constraints are also treated in the same manner [7, 18, 21, 26, 28]. But, there are exceptions to
these cases. Sometimes semantically correct sentences can have plural anaphors referring to
singular antecedents; same for gender and number. Exceptional cases for Amharic language are

presented in chapter 5 of this document.
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Selectional Restrictions: this constraint rule is categorized under semantic knowledge*s
required to resolve anaphora. It expects anaphor and antecedent be matched semantically. See
the following examples for more clarification [21, 28].
Example:

1. Abebe ate a motor-bike

2. I will eat my hat.

Both of the examples provided above are semantically wrong, because a human being can®t eat

either motor-bike or hat. So the selectional restriction checks such kind of cases.

Preference rules: are called preferential because they don“t discard any antecedents. They give
more preference to antecedents when they are satisfied. Unlike the constraint rules they are not
mandatory. They are applied on antecedents passed constraint rules and when a certain anaphor
has more than one antecedent as a choice. Antecedents satisfied preference rules get some value
whereas those didn“t satisfy the rules given nothing [18, 21]. Some of the preference rules are

definiteness, giveness, recency, frequency of mention, indicating verbs.

Definiteness: in English language, noun phrases or antecedents are said to be definite when the
head noun is modified by a definite article, or by demonstrative or possessive pronouns. Definite
noun phrases in previous sentences are more likely antecedents of pronominal anaphors than

indefinite ones [7, 12].

Givenness: in English language, nouns phrases or antecedents are said to be ,,given” when they
are not new to the current discourse or paragraph (i.e. when they are already known). Noun
phrases in previous sentences representing the ,given information™ are assumed to be good

candidates [2, 12].

Indicating verbs: this preference rule may not apply to all languages. In English language, the
first Noun phrase identified after the set of verbs presented below is assumed to be good

candidates for anaphors [2, 12].
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Verb set = {discuss, present, illustrate, identify, summarize, examine, describe, define, show,
check, develop, review, report, outline, consider, investigate, explore, assess, analyze,

synthesize, study, survey, deal, cover}

Recency: this preference rule checks whether the antecedent is closer to the anaphor in question
or not. It can be measured by counting number of words or sentences between antecedent and

anaphor. A candidate that is closer to the anaphor receives higher preference [7, 21, 31].

Frequency of mention: this preference rule checks how many time a candidate antecedent is
mentioned in a given discourse. If a word or antecedent is mentioned frequently in a given
discourse then it has more probability to be selected as correct antecedent because it is given

higher preference [2, 7, 12, 21].

2.4.  Anaphora Resolution Approaches

Researches performed in the area of anaphora resolution in the beginning gave good theoretical
results and as a result it was believed that the research in this area would take few years to
implement systems having every aspect of anaphora resolutions. But, after years of intensive
research it is accepted that building automatic anaphora resolution systems having all anaphora
related aspects is tough to accomplish. The reason is because the formalization of world
knowledge, various semantic issues and other issues which are important for the implementation
of successful anaphora resolution systems are still far from being achieved. As a result, in 1990s
most researches were shifted to exploiting lower-level information like morphology and syntax
from the higher level information which are complex. So, based on the level of information
required to resolve anaphora, two broad categories have emerged: knowledge-rich and
knowledge-poor approaches. Both approaches are discussed in the following sub sections [12,

18, 21, 29, 40].

2.4.1. Knowledge-rich Approaches

Knowledge rich anaphora resolution approaches are approaches that employ linguistic and

domain knowledge in great detail for anaphora resolution process starting from the
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morphological knowledge to the very high level knowledge like world knowledge. These
approaches are rule based. Knowledge*s like morphological, syntactic, semantic, discourse,
domain knowledge are needed to deal with anaphora resolution using knowledge rich

approaches. Most traditional approaches or systems are knowledge rich [29].

Knowledge-based anaphora resolution approaches can be divided in to four: discourse oriented
approaches, factor based approaches, syntax based approaches and heuristic based approaches

[15].

Discourse oriented approaches assume that some entities in the discourse are more central or
focus than others which shows relations existing between texts in discourse. When there are
some texts which are more center or in focus than others in discourse that gives some relations
between the texts found in discourse then it is easy to perform the anaphora resolution process
because texts which are more center have more probability than others to be selected as the
correct antecedent. Centering theory is a theory used to track the center of discourse. It is used to
interpret pronouns by modeling the local coherence of a discourse. Factor based approaches are
another category of knowledge-based approaches that uses constraints to remove wrong
antecedents, and preferences to rank candidates which are satisfied by constraint rules. Since it is
knowledge-rich approach, the constraint and preference rules used include morphological,
lexical, syntactic, semantic and pragmatic information. In general, it depends on some set of
factors to resolve anaphora. Syntax based approaches are still another part of knowledge based
approaches. It is an approach which totally depends on syntactic and morphological information
to perform anaphora resolution process. It uses parse trees to search potential antecedents. This
approach is limited to pronoun resolution only because syntactic structures may not handle other
types of NPs. Heuristic based approaches are another categorization of knowledge based
approaches which use a set of heuristics or rules to select the correct antecedent of the anaphora
to be solved. These approaches require the researcher to produce a set of heuristics to resolve the
anaphora. To sum up, since knowledge based anaphora resolution needs complex syntactic,
semantic, discourse and world knowledge analysis, using it as an approach to solve anaphora is

labor intensive and time consuming.
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2.4.2. Knowledge-poor Approaches

Knowledge poor approaches are approaches formulated to avoid the complex syntactic,
semantic, discourse and world knowledge™s used in anaphora resolution process. Since
knowledge based approaches are labor intensive and time consuming plus computationally
expensive, knowledge poor anaphora resolutions are formulated to solve these complexities. It is
a result of high need for inexpensive solutions to satisfy the need of NLP systems in practical
way. The development of NLP tools like POS tagger and other tools facilitated for the invention
of knowledge poor approach. This approach makes use of part of speech tagger, noun phrase
rules and then applies antecedent indicators which are constraint and preference rules on a set of
potential antecedents. Knowledge poor anaphora resolution approach depends on a set of

constraint and preference rules [12, 18].

Anaphora resolution approaches that showed the practicality of knowledge poor anaphora
resolution approach include: Kennedy and Boguraev's approach without a parser [18], robust,
knowledge poor approach [12, 18], CoGNIAC [16, 18], collocation patterns-based approach [29,
30], machine learning approaches [13, 29, 30], probabilistic approach [29, 30]. In the following

paragraphs we will discuss of some of the works briefly.

Kennedy and Bogurav®s approach without a parser is an anaphora resolution approach which is
categorized under knowledge-poor anaphora resolution approach. It works by taking the output
of POS tagger as input. This approach uses salience weights which are called antecedent
indicators to identify the correct antecedent. As other knowledge-poor anaphora resolutions do, it
takes the candidate with highest salience weight as the correct antecedent for the anaphor. When
there is complexity of choosing correct antecedent like if two candidate antecedents have same

salience weight then the candidate closest to the anaphor is selected as correct antecedent.

Robust, knowledge-poor approach is categorized as knowledge-poor anaphora resolution
approach as its name implies. This approach works by taking POS tagger output as input. It
identifies noun phrases preceding the anaphor within 2 sentences distance as antecedent, applies

constraint rules (gender and number agreement) on the identified antecedents to check whether
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they agree with the anaphor or not. The antecedents passed the constraint rules are then assigned
preference rule values. The antecedent having highest preference value is selected as the actual
antecedent being referred by the anaphor. Best collocation pattern score, candidate with higher
score for indicating verb, and finally most recent candidates are the order of priority level when

there are more than two antecedents left after the application of all preference rules.

CogNIAC: is a system developed to resolve pronouns with limited knowledge and linguistic
resources. It is called A High Precision Pronoun Resolution Engine. The main assumption of it is
that there is a subclass of anaphora that does not require general purpose reasoning. Inputs to the

system are pre-processed by NLP tools like POS tagger. It is built on the rules listed below.

1. Unique in discourse: this rule applies when there is only one possible antecedent in the
anaphora resolution scope defined. If there is only one possible antecedent in the scope
then that antecedent is taken as correct antecedent.

ii. Reflexive: this rule applies when nearest possible antecedent in the anaphora resolution
scope defined is reflexive pronoun. In that case the correct antecedent is the antecedent
which is more recent to the reflexive pronoun.

iii.  Unique in current and prior: this rule applies when there is only one antecedent found in
the previous and the current sentence. In that case that antecedent is taken as correct
antecedent.

iv. Possessive pronoun: this rule applies when the anaphora is possessive pronoun and when
there is only one antecedent in the previous sentence. In that case that antecedent is
selected as correct antecedent

v. Unique current sentence: this rule applies when there is only one antecedent in the current
sentence. In that case that antecedent is selected as correct antecedent

vi.  The sixth rule applies when the subject of previous sentence contains only one antecedent

and when anaphor is the subject of the current sentence. If this is true then that antecedent

1s taken as correct antecedent.

CoGNIAC resolves pronouns from left to right in the text. For the pronouns identified, the rules
mentioned above are applied according the order presented. If the antecedent is found by

applying the first rule then process stops i.e. the rules next to it are not be applied. The next rules
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are applied in their order of presentation whenever the prior rules are not true. If all the presented

rules couldn®‘t found correct antecedent then it is left unresolved.

2.5.  The Amharic Language

Ambharic language, which is categorized under Semitic languages family, is a national language
of Ethiopia (i.e. it is official working language of the federal democratic republic of Ethiopia). It
is the second most spoken language among Semitic language families in the world, next to
Arabic. Since it is official working language of Ethiopia, there are number documents produced
in Ambharic like formal letters used for communication between different organizations or within
a given organization, working manuals and others. Though the language is widely spoken or
used as working language on a country having more than 90 million people, it is still categorized

as ,,under resourced" language like many other African languages [32, 33, 37, 39].

Ambaric language has its own writing system having scripts originated from the Ge“ez alphabet.
The writing system is rich syllable patters or fidels having atleast 41 consonant classes each
having 7, 8, 12 or 13 forms. It is written from left to right. Amharic morphology and personal

pronouns are discussed in the following sub sections [36].

2.5.1. Amharic Morphology

Ambharic language is morphologically compex due to the semetic languages nature. Unlike
languages like English, gender, number, definiteness, prepositions and others information are
attached to Amharic Nouns and adjectives that resulted in complex morphology of the language
[23, 41]. For example, from the noun e»hg (mekina/car), the following words are generated
through inflection and affixation: a?hG®+ (mekinawoc/cars), e°hG@- (mekinaw/ the car
{masculine}/his car), a°hq? (mekinaye/my car), a°h5?7 (mekinayen/my car {objective case}),
aohST (mekinax/your {feminine} car), Ae®hS (lemekina/for car), hoehS (kemekina/ from car),
etc. It is also possible to generate the following words from the adjective +70 (tnx/small): 7t
(tnxu / small, {definite} {masculine} {singular}), +76-F (tnxoc/ small {plural}), +70*E (tnxocu/
small {definite} {plural}), etc.
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Inflections and derivations of Amharic verb are even more complex than that of Amharic nouns
and adjectives. It is because many verbs in surface forms are generated from a single verbal

stem, and many stems in turn are generated from a single verbal root.

Combination of person, gender, number, case, tense/aspect, and other information are extracted
from Ambharic verbs resulting in thousands of words from a single verbal root [1], [19]. As a
result, a single word may represent a complete sentence cosutructed with subject, verb and

object. For example, Add.A°19° (ysebreNal/ I don“t want) is a complete sentence.

2.5.2. Amharic Personal Pronouns

Pronouns in Ambharic language can be classified into independent pronouns and embedded
pronouns based on how they exist in sentences [23]. Independent pronouns are pronouns which

can be found independently in sentences like personal pronoun ACa- in the example below.

Example,

ANNFEE OL TH: TaPA(k GOk U7 AIPT ATLAIPAG M PTFD- =

whereas embedded pronouns are pronouns bounded as affixes to words as shown in the

following example.
Example,
NA PO FGTE N9 FCL

In the example above the verb F¢2 shows personal pronoun AC(+ embedded in it. For the detail
description of embedded pronouns see Chapter 1 and Chapter 4. Table 2.1 shows list of

independent Amharic personal pronouns.
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Table 2.1 List of Amharic independent personal pronouns (Adapted from [23])

Independent Personal Independent | Person Number Gender

personal Pronouns in | personal Information information | information

pronouns in English pronouns

Ambharic Romanized

h I 1 person Singular Male/Female
InE

Art You 2" person Male
ante

ATE You . 2" person Female
anci

Alr He 3" person Male
Isu

Af, She 3" person Female
IsWa

We We 1 person Plural Male/Female
INa

hart You 2" person Male/Female
Inante

Al They 3™ person Male/Female
Inesu

hCOHP You Irswo 2" person Singular Male/Female

hOFo- He/She Isacew 3" person Male/Female

Total number of independent personal pronouns in Amharic is 8 but there are two additional

personal pronouns (ACOP and A4F®@-) to show respect or politeness as shown in the table above.
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CHAPTER THREE

RELATED WORK

As discussed on chapter 2, research in the area of anaphora resolution is started in 1960°s.
Starting from that time many researchers discovered methods and other related concepts which
are being used as a reference even today. Many research papers are published starting from then
in languages other than Ambharic. To the best knowledge of the researcher so far no research is
done in the area of anaphora resolution for Amharic language. This chapter presents some of the

works related to anaphora resolution done in languages other than Ambharic.

3.1. A knowledge-poor pronoun resolution system for Turkish

Dilek Kucuk [21] used knowledge poor anaphora resolution approach to resolve Turkish
pronouns. The work focused on third person personal pronouns and possessive pronouns
referring to proper person names as antecedent. Since it is knowledge-poor approach the
researcher used constraint and preference rules. Constraint rules used in this work are number
agreement, reflexive pronoun constraint, personal pronoun constraint, and selectional
restrictions. Preference rules used are quoted/unquoted text preference, nominal predicate
preference, repetition preference, punctuation preference, antecedent of zero pronoun preference,

and syntactic parallelism preference.

The researcher used empirical analysis to determine the search scope of antecedents, and
constraint and preference rules. Some of the constraint and preference rules used in this work are
the contributions of the researcher which were not used before anywhere. The value of
preference rules are determined by Artificial Neural Network (ANN) as presented on Table 3.1.
The search scope of antecedents defined in this work after the empirical analysis is four

sentences including the current sentence.
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Table 3.1 list of preference rules and their values used for Turkish language [21]

Preference rules Scores

Quoted/Unquoted Text preference +2.20

Recency Preference +2.15

Nominative Case preference +1.85

First NP preference +1.40

Nominal predicate preference +1.20

Repetition preference +1.20 if repletion is more than once
Punctuation preference +1.15

Antecedent of Zero pronoun preference +1.05

The following four steps or modules are used in this work to resolve pronouns by taking
preprocessed Turkish texts as input:
1. Sentence splitting
ii. Pronoun extraction i.e. third person personal pronouns and reflexive pronouns
iii. Creating candidate list of antecedents

iv. Determining antecedents

The performance of the system is tested on two different sample texts. On the first test sample,
the system correctly resolved 162 out of 190 pronouns as success rate (Recall) which is 85.2 %
and having 88% precision. On the second test sample, it correctly resolved 151 out of 205

pronouns as success rate (Recall) which is 73.6 % and having 90.9 % precision.

3.2. Knowledge-poor Anaphora Resolution System for Estonian

Pilleriin Mutso [2] used knowledge poor anaphora resolution approach to resolve Estonian
pronouns. The work focused on third person pronouns. The researcher used knowledge poor
pronominal anaphora used in technical manuals for English as a baseline for this work with
minor modifications. He used the terminology filters and indicators for constraint and preference
rules. Filters represent constraint rules whereas indicators represent preference rules. Since

gender constraint is not applied for Estonian language the only constraint rule used was number
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agreement constraint rule. New preferences which are not found on the research done in English,

baseline for this work, are added to the constraint and preference rules list of this work while

removing some of the preference rules out because of the language difference. Preference rules

used in this work are listed as follows.

YV V.V V V V V V

Frequency indicator (lexical reiteration)
Pattern indicator

Referential distance indicator
Indicative verbs indicator

Boost pronoun indicator

Name indicator

Declination indicator

Quotes indicator

The following are list of preference rules not included in this work due to different reasons:

YV V.V V V V

Givenness indicator

Syntactic parallelism indicator

Section heading preference

Term preference indicator

Non prepositional noun phrase indicator

Immediate reference indicator

Preference rules added to the system as new are Name indicator and quotes indicator

The corpus used in this work is manually annotated document. It is annotated morphologically

and syntactically. The steps or modules used in this work are presented as follows.

1.
1.
1ii.
1v.
V.
VI.

Vii.

Parsing the document using parsers

Storing word and sentence objects

Locating anaphora

Locating candidates

Applying number agreement constraint rule

Applying preference rules

Applying recency coefficient and then sort by the scores
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viil. Proposing the correct antecedent

To evaluate performance of the system the researcher used training and testing datasets. Dataset
having 646 third person personal pronouns is used for training purpose whereas 856 third person
personal pronouns is used for testing purpose. In training phase, out of 646 third person personal
pronouns, the system resolved 440 third person personal pronouns correctly which is around
73.6%. In testing phase, out of 856 third person personal pronouns, the system resolved 549 third

person personal pronouns correctly which is around 73.7%.

3.3. Automatic Pronominal Anaphora Resolution in English Texts

Tyne Liang and Dian-song Wu [7] used techniques like WordNet ontology to increase accuracy
of anaphora resolution. In this work animate entities in the dataset are identified using WordNet
ontology. It is also used to identify gender information of words. The proposed system deals with
intra-sentential and inter-sentential anaphora in texts and also with pleonastic pronouns (it).
Researchers used the terminology called heuristic rules to represent constraint and preference
rules. The architecture designed by the researchers is presented on Figure 3.1. Constraint and

preference rules used in this work are listed as follows.

Syntactic parallelism rule
Semantic parallelism rule
Definiteness rule
Mention frequency rule
Sentence recency rule

Non prepositional noun phrase rule

V V V V V V VY

Conjunction constraint rule
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Fig. 3.1 System architecture for automatic pronominal AR in English texts [7]

The dataset used in this work includes texts from different genres having total of 14,124 words,
2,970 noun phrases and 530 anaphors. Using the proposed architecture presented in Fig.3.1, they

achieved overall success rate of 77%.

3.4. Robust pronoun resolution with limited knowledge

Ruslan Mitkov [12] used knowledge poor anaphora resolution approach for pronoun resolution
in English language. As it is presented in this work, the approach used here for English is applied
to other languages successfully. The researcher discovered knowledge poor anaphora resolution
approach for the first time to avoid labour intensive, expensive and time consuming tasks to
resolve anaphors. Since the performance of the system using this approach in this work is good,
it can be an evidence of how anaphors in a specific genre can be resolved quite successfully

without any sophisticated linguistic knowledge.

As presented in the above paragraph, robust knowledge poor approach is developed to avoid

complex syntactic, semantic and discourse analysis needed for anaphora resolution. This
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approach starts with the output of part of speech tagger as input. After taking part of speech
tagged texts, it searches for noun phrases which precede the anaphor within 2 sentences limit.
Noun phrases identified within the scope are taken as candidate antecedents on which gender and
number agreement constraints are applied. Finally, preference rules, named as antecedent
indicators in this work, applied on candidate antecedents passed gender and number agreement
rule, and noun phrase with highest aggregate score is proposed as the required antecedent.

Preference rules used in this work are presented as follows.

Definiteness

Givenness

Indicating verbs

Lexical reiteration

Section heading preference
Non prepositional noun phrases
Collocation pattern preference
Immediate reference

Referential distance

YV V.V V V V V V V VY

Term preference
Informally described algorithm used in this work to solve pronouns is presented as follows:

1. Examine the current sentence and the two preceding sentences (if available). Look for
noun phrases only to the left of the anaphor

2. Select from the noun phrases identified only those which agree in gender and number
with the pronominal anaphor and group them as a set of potential candidates

3. Apply the antecedent indicators to each potential candidate and assign scores; the
candidate with the highest aggregate score is proposed as antecedent. If two candidates
have an equal score, the candidate with the higher score for immediate reference is
proposed as antecedent. If immediate reference doesn“t hold, propose the candidate with
higher score for collocational pattern. If collocational pattern suggests a tie or does not
hold, select the candidate with higher score for indicating verbs. If this indicator doesn“t

hold again, go for the most recent candidate.
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The performance of this approach resulted in success rate of 89.7%. It is also applied to other

languages like Polish and Arabic, and resulted in 93.3% and 95.2% success rates respectively.

3.5.  Summary

As it presented in the works above, knowledge poor anaphora resolution approach is adopted to
different languages effectively. The researchers used constraint and preference rules and other
techniques like WordNet ontology that helped them solve anaphora resolution problem. Some of
the constraint rules they used were language depedent while others were language independent.
There are constraint and preference rules which can be applied to all languages whereas there are

some that can‘t be applied to all languages.

To the best knowledge of the researcher so far no research is done in the area of anaphora
resolution for Amharic language. Amharic language is morphologically complex and different
than other languages like English. So, in this work we will employ knowledge poor anaphora

resolution approach to design Amharic anaphora resolution model.
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CHAPTER FOUR

AMHARIC ANAPHORA RESOLUTION MODEL

4.1. Introduction

As discussed in the previous chapter, various models have been proposed to resolve anaphora for
different languages. The models depend on the characteristics of the languages. As a result, it is
difficult to directly apply the proposed models to Amharic. Thus, we have proposed a new
anaphora resolution model for Amharic. This chapter discusses about Amharic Anaphora
Resolution (AAR) model and prototype development. The first part of this chapter discusses
about architecture of AAR model. The second part of this chapter discusses about AAR

prototype; how it is developed, the algorithm used and other related issues.

4.2. AAR architecture

As it is discussed on Chapter 2, Amharic personal pronouns can be found hidden inside words or
independent. Hidden anaphors are bound morphemes that resulted in complexity of Amharic
words. As a result, we are required to deal with both of the personal pronouns. Proposed
Ambharic AR architecture has two parts: resolution of independent anaphors and resolution of
hidden anaphors. They show components used to resolve independent Amharic personal
pronouns (independent anaphors) and hidden Ambharic personal pronouns (hidden anaphors). The
main components of the architecture are data preprocessing, identification of hidden anaphors,
identification of independent anaphors, identification of candidate antecedents and Anaphora
resolution (see Figure 4.1). The architecture shows the flow of components and subcomponents
starting from input to output of the Amharic anaphora resolution process. Input Amharic texts to
the model are preprocessed before they are used in the next levels of the componenets. Hidden
and independent Amharic anaphors, and candidate antecedents for the anaphors are identified
from the preprocessed dataset. The resolution process of anaphors is performed on the identified
list of anaphors and candidate antecedents. Descriptions of all AR components are presented

from Sections 4.2.1 to 4.2.3.
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Fig. 4.1 Architecture of the Amharic Anaphora Resolution Model

4.2.1. Data preprocessing

Identification of candidate antecedents for the anaphors to be resolved needs the dataset to be

preprocessed to get noun phrases and nouns which are considered as possible candidate
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antecedents in this work. Tagging and chunking are tasks used to give different types of word
classes and phrases like nouns and noun phrases respectively. Moreover, these tasks are used to
identify verbs to extract hidden personal pronouns inside them. As a result, tagging and chunking
are tasks used to preprocess Amharic input texts. Subcomponents of data preprocessing module

presented on Fig. 4.1 of Amharic AR architecture are discussed in this section.

Amharic POS tagging

Part-of-speech (POS) tagging is a classification task with the goal to assign word classes to the
words in a text [34]. We used POS tagging because it helps identify antecedents and independent
anaphors, and used as input for chunking. Because of the unavailability of working POS tagger

for Amharic, we tagged Ambharic sentences manually.

Ambharic chunking

Chunking is a Natural Language Processing (NLP) task that consists of dividing a text into
syntactically correlated parts of words which are non-overlapping [19]. Chunking is needed to
get noun phrases because identification of them helps identify candidate antecedents for the
anaphors. For the identification and resolution of hidden anaphors, we used the ouput of Amharic
chunker developed by Abeba Ibrahim and Yaregal Assabie [19]. However, we chunked Amharic
sentences manually for the resolution of independent anaphors. It is because the output of
Amharic chunker has no independent anaphors. The examples below show comparison made
between chunked and non chunked Amharic sentences to show how chunking helps identify

anaphors and antecedents.

Example:

o N 8L NGHE Omyt ANGPHIY: T9I6PT AT Am

[('ootr8ee ', 'N'), (' hets ADJ @t N','NP'), (' Adeetaq ',
VPREP '), (' +=9¢®F",'N"), (" fid®¥ N am V',' VP ")]

e 2L mLAK? AAmCF hht e220F7 ThhAT LH 144 0 AB9° ATLNNLANT o AT%A
71671 RAFO-
[('%cen',N), (' @0aw¥?' N "AamCH', V', 'NP '), (' bha:' N 'e2€047 ' VP
S VP, ("+hha%"'ADJ ' 'N'"+24'V,'VP ") ] =
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[ ("A%9° ' PRO ' A720&AF VP ') (' ¢+ 4284 ' VP ' 71671 ' V ' haF@-' VP, VP ) |

As it is discussed above, antecedents used in this work are nouns and head nouns of noun
phrases; independent anaphors are Amharic personal pronouns whereas hidden anaphors are
extracted from verbs. As a result, it is required to identify nouns to get antecedents whereas verbs
and Ambharic personal pronouns to get anaphors. Chunked Amharic sentences presented above
show nouns, pronouns and verbs clearly but non chunked Ambharic sentences don“t. So, chunking
helps identify antecedents and anaphors. More examples on the chunking ouput are presented

below.

o [('thaes", 'N'), (' hetsd ADJ @mt N','NP'), (' Aqeet: ',
VPREP'), (' +o9¢®F",'N "), (' A" N am V',' VP ')]

o [('OcEP',' N, (' MO N £m0@2 VREL','S"), ('afit’, "N, ('
0+ N @af PREP','PP '), (' haWF', 'V ")]

o [("&P%','N"),('+aP ADJ @229 N','NP"), (' h18.Lams+',' V"),
('h§A N @af PREP','PP"), (' ncfo-','V')]

e [('TOM@','N'"), (' TCAF@ N faad VPREP','VP'"), (' ADJ
6 N',"NP"), (' @14+ N agao: V' ' VP )]

e [('%cen',N),('mar?'N "AamGt', V', 'NP'), (' bhae' N 'e2e0+7 ' VP
JVP'), ("Fhhag ADI L NSV, VP ) ]

[ ('A39°' PRO' A72€09A4F ' VP ') (' ¢+ A2890 ' VP ' 1167 ' V ' haiF@< VP, VP ) ]
o [('Afa',N), (' 0¢d2 "' NP ' Aoomard ' VP ' VP '), ('hiaa'NP'' @f
PRE ¢-c4¢t'N,'NP ') (1o ' V) ] ::

[("eh'N'"7','NP "), ("As'PRO "' Q%' PRO'omavd ' V' ALEATT'V '
VP ') ('A%t "' APt ' PRO'@L ' PRE 'A%z ' PRO 'teray 'V ,' VP '), (' (e
+hAaha ' VP )]
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4.2.2. ldentification of independent anaphors

Independent Amharic personal pronouns are considered as independent anaphors. As discussed
on chapter 2, independent Ambharic personal pronouns are 8 in number without the personal
pronouns indicating politeness. To perform the resolution of independent anaphors, identification
of independent Amharic personal pronouns is needed. However, it is to be noted that Amharic
personal pronouns are subject to various affixation processes. For example, many words can be
derived through affixation processes from the personal pronoun AC4, (IrsWa), some of which are:
PaCA, (velrsWa), 0hCh, (kelrsWa), OhCA, (belrsWa), hCAT (IrsWan), $hCAT (velrsWan), hCAO.79°
(IrsWanm), hCA.7P° (velrsWa) , W18hCA, (IndelrsWa), etc. Thus, identification of independent
anaphors is achieved by having a database of Amharic personal pronouns (in their root forms)
and matching them against the sub-patterns of personal pronouns in the given POS tagged text.
Identified independent anaphors are stored in a temporary storage which will be used later in the

process of anaphora resolution.

4.2.3. ldentification of hidden anaphors

The main contribution of this work is resolving hidden anaphors. Identification of verbs and then
extracting their morphological properties is needed to extract hidden anaphors inside verbs. The
subcomponents of this module are identification of verbs, morphological analysis and extracting

hidden anaphors. The subcomponents are discussed in this section.

Identification of verbs

As discussed on Chapter 2, Amharic verbs carry different kind of information on their affixes
like person, number, gender, subject and others including personal pronouns. So, identification
of verbs is needed to extract personal pronouns hidden inside them. As a result, the chunk result

previously generated in the Data Processing component is used to identify verbs.

Morphological Analysis

After verbs are identified, their morphology is analysed so that hidden anaphors are extracted.
Hornmorpho was used [6] to analyze the morphology of Amharic verbs. Examples listed below

show morpheme information of verbs generated.

o am: {sT*+1e2 e} (prf) - e (sb=3sm)
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o AMF@-: {sT*+1e2 e} (prf) - e (sb=3sm) -ac_ew (ob=3p)

o AbAZFA : {I'k+13} (ger) - o (sb=3sm) -1 _(prep2) - at (ob=3sf) - al (aux)
e m%: {Tf+le2 a} (prf) - u (sb=3p)

o 14T {ngr+le2 €3} (prf) - ec  (sb=3sf) - w (deflob=3sm)

o Adov-: {qwm+talo3} (prf,trans) - u (sb=3p)

e  fhicA : y (sb=3sm|3p) - {kbr+ale23} (imprf,trans) -al (aux)

Extraction of hidden anaphors

As discussed under ,,identification of verbs™ section, hidden anaphors are extracted from verbs.
So, this component identifes anaphors which are personal pronouns hidden inside verbs. The
suffix information of verbs is used to identify them. The following example shows how hidden

anaphors are extracted.
Example,
am: {sT*+1e2 e} (prf) - e (sb=3sm)

In the above example, ,e“ is found at subject place (sb=3sm) of the word am. If suffix ,,& is
found on subject place of the word like the above example it refers to the personal pronoun , A

(He)* As a result, personal pronoun or anaphor hidden inside the verb am is ,at- (He)*

List of possible suffix information used to extract hidden anaphors is presented on Table 4.3. See

Section 4.3 for detail explanation on how hidden personal pronouns are extracted.

4.2.4. ldentification of candidate antecedents

Identification of candidate antecedents is preparation of lists so that the correct antecedents
referred by anaphors are selected from it. All nouns and head nouns of noun phrases are used as
possible candidate antecedents. So, this component is used to find possible antecedents which
could be best antecedent of the anaphor to be resolved. The following example shows

antecedents of the sentence.

Example,
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[(*ooat884 ', "N ), (' 0§ HF AD) @t N ', NP '), (' AQ@PHI: ', ' VPREP '), ('
TOPT L, N), (CAATTEN ANV, VP )]

In the example above, @at424., @-amt, 9149 F and Gd“Pt are nouns and head nouns of noun
phrases identified. As a result, they are candidate antecedents for the anaphor hidden inside the

verb ,Am™.

4.2.5. Anaphora resolution

As discussed on chapter 1, anaphora resolution is the task of resolving anaphors to their correct
antecedents. So, this component resolves anaphors to their correct antecedents based on
identified candidate antecedents and anaphors. The subcomponents of this component are

applicaton of preference rules, application of constraint rules and morphological analysis.

Morphological analysis

Gender, number, definiteness and person information of words are bound morphemes in
Ambharic. To identify those information, morphological analysis is needed. So, this
subcomponent is used to get gender, number, definiteness and person information of anaphors
and antecedents. The following examples show gender, number, definiteness and person

information extracted.

Example 1,

Word: am

POS: verb, root: <sT*>, citation: Am

Subject: 3, sing, masc

Grammar: perfective

The above output is anal (anal is short for analyze which is a function used in Hornmorpho to
analyze a word) output that Hornmorpho produced. In the example gender, number and person
information of the word am are clearly presented; it is third person singular and masculine

gender.
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It is also possible to get the gender, number and person information from the seg (seg is short for
segmentation which is function used in Hornmorpho to segment a word in to small meaning full pieces)

output of Hornmorpho as presented below.

Example 2,

am: {sT*+1e2 e} (prf) - e (sb=3sm)

In the above ouput (sb=3sm) shows gender, number and person information of the given word.

It is also possible to get definite information of nouns from the anal output of Hornmorpho. The
following example shows the anal output of Hornmorpho.

Example 3,

Word: Qé-+5E

POS: noun, stem: Aé-+4

Grammar: plural, definite

As it is shown above, the noun A¢-+4>E is definite.

After looking at the output of Hornmorpho to get these information, we decided to tag manually

because Hornmorpho is not effective in giving those information.

Application of constraint rules

Constraint rules are used to discard antecedents that don*t agree with the anaphors. They are
applied both on anaphors and candidate antecedents to select the correct antecedents or
antecedents that satisfy constraint rules. The antecedent-anaphor relationship is stored in
database as correct relationship if only one antecedent is left after the constraint rules are applied.
The constraint rules used in this work are gender, number and person agreements. They are

presented as follows:

1. Anaphors and antecedents should agree in gender information
2. Anaphors and antecedents should agree in number information

3. Anaphors and antecedents should agree in person information.
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Application of preference rules

As discussed on chapter 3, preference rules are rules that give more preference to antecedents
that satisfy the rule while give nothing or negative value that don“t satisfy the the rule. This
subcomponent is used to select correct antecedent referred by the anaphor by applying
preference rules when more than one antecedent™s are left as a choice after constraint rules are
applied. The antecedent-anaphor relationship is stored in database as correct relationship after
the preference rules are applied. Preference rules used in this work are definiteness, subject
place, recency, boost pronoun and mention frequency. The preference rules are stored in a
database with their respective values. The technique used to decide values of preference rules is
discussed in chapter 5. Before discussing on the preference rules and their values of Ambharic, we

have discussed values of preference rules used in other languages.

In English language, if the antecedent is definite then O is assigned. If the antecedent is at subject
place then a value of +1 is given to the antecedent. If an antecedent is more recent to the anaphor

then +1 value is assigned to the antecedent [12].

Among the preference rules used in knowledge poor anaphora resolution system for Estonian,
frequency indicator (lexical reiteration) has similar concept with mention frequency rule used in
our work. For Estonian system the candidate was assigned a score of +1 when it is occurred in
the section twice (section is considered to be a range from one heading to another). But, when
the candidate occurred more than twice in the section, the candidate is given a score of +2 [2].
The same value is also used for English language [12]. Pronoun candidates (Boost pronoun
preference rule) are assigned a score of +1 in Estonian language [2]. Preference rules used in our

work are discussed as follows.

Subject place preference: in this work, the first noun or the first noun phrase in a sentence is
considered as subject of the sentence. Noun at subject position of the sentence is more preferred
than nouns not found at subject positions. If a noun is at subject place of the sentence then value

of + 2.88 is assigned.

Definiteness: Indefiniteness is unmarked in Amharic, but definiteness is always marked by a

suffix called the definite marker [38]. Unlike English there is no separate definite marker in

Design of Amharic Anaphora Resolution Page 41



Amharic. Definite nouns are more preferred than nouns which are not definite. If a noun is

definite then value of + 0.94 is assigned.

Recency: is a factor which checks whether the antecedent is more recent to the anaphor or not.
The noun which is the most recent to the anaphor is given more weight than others which are not

recent. If a noun is nearer to the anaphor then value of + 0.89 is assigned.

Boost pronoun: when pronouns are used as antecedent for the anaphors, then they are called as
boost pronouns. This factor checks the occurrences of personal pronouns before the anaphors;
the pronouns themselves are considered as possible candidates. One reason for that is the fact
that pronouns indicate salience, as they represent noun phrases. The other reason is that one
pronoun can refer to another pronoun that can refer to a noun phrase i.e. the anaphora can be

solved transitively [2]. If the antecedent is boost pronoun then value of + 0.12 is assigned.

Mention frequency: is number of repetition of words. This preference rule checks whether the
antecedent is found repetitively on the defined scope of sentences or not. The antecedent
mentioned repetitively is given more priority. If the antecedent is mentioned repetitively (more

than once) in a given scope then value of + 0.02 assigned.

4.3. Description of the AAR prototype

Designed Amharic AR prototype has two parts: resolution of hidden anaphors and resolution of
independent anaphors. Algorithm presented on Fig. 4.6 which is informally described Mitkov*s
robust, knowledge-poor algorithm [12] is used to solve both hidden as well as independent
anaphors. It is modified to solve hidden Amharic anaphors. For the case of independent Amharic

anaphors, the concept is almost used directly except few modifications in step 3.
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1. Examine the current sentence and the two preceding sentences (if available). Look
for noun phrases only to the left of the anaphor.

2. Select from the identified noun phrases only those which agree in gender and
number with the pronominal anaphor and group them as a set of potential
candidates.

3. Apply the antecedent indicators to each potential candidate and assign scores;
propose the candidate with the highest aggregate. If two candidates have an equal
score, propose the candidate with the higher score for immediate reference. If
immediate reference does not hold, propose the candidate with higher score for
collocational pattern. If collocational pattern suggests a tie or does not hold, select
the candidate with higher score for indicating verbs. If this indicator does not hold

again, go for the most recent candidate.

Fig 4.5 Mitkov*'s robust knowledge poor algorithm [12]

In the resolution of hidden anaphors part of the prototype, verbs are searched from sentences in
the dataset to extract hidden anaphors inside them. The identified verbs are then given to
morphological analyzer to get morphemes of a verb. From a set of extracted morpheme
information, suffixes attached to verbs are used to get hidden anaphors. The algorithm used for
the resolution of hidden anaphors is presented in Fig. 4.6. Examples presented below show how

to extract hidden anaphors from verbs after morphemes of verbs are extracted.
Example,
1. aNA ks fracat Adhee@o-0F A%t &40 hpo+T7

In the above sentence the verb is A®@+¥7. For this verb, Hormorpho gives the following
morphemes.

Am@+17: {Cwttala2 e3} (prf, trans) - ec _ (sb=3sf) - n (ob=1p);
As shown in the output, the morpheme ,ec™is the suffix attached to the root word ,,Cwt*which is
found in the subject place of a verb. It refers to the personal pronoun ,Aq,,, This personal pronoun
is second person singular and having Female gender. See Table 4.4 for list of all suffixes at

subject place and mapping to their respective personal pronouns used in this work.
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2. PTPUCT TLLOEC ARTARILAL N aPhAng 101TN89LAL7 1C @780

In the above sentence the verb is €. The morphemes of this verb that Hornmorpho generated

are given as follows:
aof(1: {mdb+1e2 e3} (prf) - e (sb=3sm).

The morpheme found in subject place for this verb is ,,& which is the suffix attached to the root
word. This suffix refers to the personal pronoun ,Ad,, It is second person singular and having

male gender.
3. Pl OFF 924 A7204 M-

In the above sentence the verb is m4~ The morphemes of this verb that Hornmorpho generate

are given as follows:
m4-: {Tf'+1e2_a} (prf) —u (sb=3p)

As it is shown in the Hornmorpho output above, the morpheme ,,u“is the suffix attached to the
root word ,, Tf“ which is found in the subject place. This suffix refers to the personal pronoun

‘A1 It is second person plural.

4. KT AOt996@- 2am7? Ot (d- h&A O-AT (&7

In the above sentence the verb is (1&7. The morphemes of this verb that Hornmorpho generate

are given as follows:
(&7 {sr'+1e2_a} (prf) —n (sb=1p)

As it is shown in the Hornmorpho output above, the morpheme ,,n“is the suffix attached to the
root word ,,st° which is found in the subject place of suffix order. This suffix refers to the
personal pronoun ,A5. It is first personal plural. In this case we can see as a personal pronoun

can refer to another personal pronoun.
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Identify verbs found on sentences and decompose into possible morphemes
Identify suffixes attached to the root word

Identify the suffix at the subject place of suffixation order

Compare suffixes identified with the predefined suffixes

Based on suffixes, identify hidden anaphors

Identify antecedents preceding anaphors within the defined scope

Apply constraint rules

© N O O A 0w N PE

If only one antecedent is left after the application of constraint rules, then take
that antecedent as the correct antecedent referred by the anaphor

9. If there are more than one antecedentss left after the application of constrain

rules, apply preference rules on those antecedents

10. If there is only one antecedent having highest preference rule value after the
application of preference rules then that antecedent is selected as correct
antecedent. If two or more than two candidate antecedents have same highest
aggregate preference rule value, then the antecedent in subject place of the
sentence is selected as the correct antecedent referred by the anaphor. If it
doesn’t hold, then antecedent which is definite noun is selected as correct
antecedent. If definite noun is also doesn't hold, antecedent which is more recent
to the anaphor is selected. If all these don't hold, the antecedent which is boost
pronoun is selected. Again if all the above cases don't hold, the antecedent which
is mentioned frequently is selected. Finally, if all the above criteria’s doesn’t hold

then it is concluded as anaphora can't be resolved

Fig 4.6 Resolution of hidden Ambharic anaphors algorithm

5. aNA kb fz0ChE: AdhaeMu-0T A% &40 AR+

In the above sentence AGha?@Mu-(t is the verb. The morphemes of this verb that Hornmorpho

generate are given as follows:
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hahaey-(ik: 'ske (prepl)-(rel)-{mT'+1e2 a} (prf)-hu (sb=1s)-b_(prep2)-et (0b=3sm)

As it is shown in the Hornmorpho output above, the morpheme ,,hu“is the suffix attached to the
root word ,,mT* which is found in the subject place of suffix order. This suffix refers to the

personal pronoun ,42“. It is first person singular.

So, all the personal pronouns or anaphors hidden inside verbs are extracted as the examples

provided above.

After the hidden personal pronouns are known, the next step is identifying candidate antecedents
for the extracted anaphors. To identify the antecedent that is being referred by hidden anaphor,

all nouns and head nouns of noun phrases preceding the anaphor are identified.

When anaphors and candidate antecedents are identified, the next step is applying constraint and
preference rules to resolve anaphors. The resolution process depends on the constraint and
preference rules according to the knowledge poor anaphora resolution approach. As it is
discussed in the previous chapters, knowledge-poor anaphora resolution approach is the type of
anaphora resolution approach that doesn“t use much of linguistic and semantic knowledge to
solve anaphors. Constraint rules are applied on identified anaphors and candidate antecedents to
discard the antecedents that don“t match with the anaphors. Constraint rules which are gender,
number and person agreement are applied on set of nouns selected as possible candidates. Nouns
matching with hidden anaphors in gender, number and person passes to the next step of the

resolution where the preference rules applied.

After the application of constraint rules, if there is only one antecedent left then that antecedent
is considered as the best antecedent being referred by the anaphor. But, if there are more than
one antecedents left after the application of constraint rules, then preference rules are applied on
those antecedents. As discussed on section 4.2, preference rules selected for this work are subject
place preference, definiteness, recency, boost pronoun and mention frequency. The attached
values of these preference rules are applied on antecedents; they may give more preference to the
antecedent by adding a positive value if it satisfies the criteria or give no value if it doesn“t
satisfy the criteria. The antecedent having largest sum of preference values is selected as the best
or correct antecedent referred by the anaphor. When all the candidate antecedents have same

largest preference values, then antecedent which is found on subject place of the sentence is
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considered as best antecedent of the anaphor; if there is no antecedent at subject place of the
sentence then the antecedent which is definite noun is considered as correct antecedent; if the
antecedent is not definite then more recent noun to the anaphor is considered as correct

antecedent. The examples below show the resolution process of hidden anaphors.
Example,
1. o884 hets @mt AhaPHI: +o96PT AT Am

In the example above, the verb is am where personal pronoun ,At is hidden in. aP(+88:4.,
omt, 4P F and ATt are nouns and head nouns of noun phrases identified. Gender, number
and person information of the verb am is male, singular and third person pronoun respectively
which is respective information of the hidden personal pronoun. Whereas the gender, number
and person information of noun @P(-+884. is male, singular and third person, @m-t is male,
singular and third person, +994%+F is plural and third person and fd\“?t is male, singular and third
person. From the four set of candidate antecedents the noun +74®- is discarded when constraint
rules are applied because the number information of it doesn“t match the respective information
of the anaphor. The remaining three candidates pass to the next step where preference rule values
are applied. The antecedent aP-+4£4- is found at subject place of the sentence, moreover it is
definite noun but not recent, boost pronoun or mentioned frequently. So, the aggregate value
assigned to this candidate is 3.82 (definite= +0.94, subject place= +2.88, mention frequency=0,
recent=0, boost pronoun=0). In the same manner, @m.t is assigned 0, fi\“?t is assigned +0.89.
From the three candidate antecedents, the candidate having largest value is °0t8£:4.. As a result,
it 1s selected as the antecedent being referred by the personal pronoun ,At hidden inside verb

Aam.
2. fhh (21 9°A A7LNA Mé-

In the above example, the verb is mé« where personal pronoun ,A%(,, is hidden in. 0% and 904
are nouns and head nouns of noun phrases identified. Number and person information of the verb
m¢4- is plural and third person which is respective information of the hidden personal pronoun.
Gender, number and person information of noun (% is plural and third person, and 9°4 is male,
singular and third person. From the candidates only 0% match or satisfy constraint rule; it

matches with the gender, number and person information of verb or personal pronoun. Since
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only one noun left after the application of candidate rules, the preference rules will not be
applied here and the only noun left is selected as the antecedent referred by the personal pronoun

, A1k, hidden inside verb mé¢-.

As it is shown in Table 4.3, there are different prefixes and suffixes attached to a verb [32].
There are subject markers both on prefixes and suffixes. In this work, we have focused only on
suffixes of subject markers to identify personal pronouns hidden in verbs. Suffixes listed in

Table 4.3 are not exhaustive.

In this work, we have added the suffixes ,;hu” and ,; c* as the suffix found on subject place of
the verb. They are not found on the original work of Wondwossen Mulugeta and Michael

Gasser. The following example shows how they are used.

Example,

> ki Ph&A LT T T AdD 0T +Pane
In the above example +Pah- is verb. Its morphemes are presented as follows:
+Pan : {w'sttela3} (prf,pas) — hu (sb=1s).

The morpheme ,-hu* is found in subject place of the verb -+Pah- which refers to first person

singular.

> T ACA QALLA NALTE OC ACTE AT
In the above example AAT is verb. Its morphemes are presented as follows:
A0t : {al e} (pres)-c¢ _ (sb=3sf)

The morpheme ,- ¢ is found in subject place of the verb AA-T which refers to third person

singular.
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Table 4.3 List of prefixes and suffixes of Amharic verbs [32]

Prep Rel Neg Subj Root Subj Appl Obj Neg Conj
Conj Template
Vocal
%] %) %) E %] %] %] %]
be ye al te C.CGs eh 1 N m na
le yem ay a ex b h
ke m at as X n
nde an ? w
sa ti 10101 ew t
ba yi 1011 achu at
n 1101 en achu
0] ku acew
li k In
ti X wot
yi ee e
n e ec
-a ea u
-as achu
-a n
-as alehu
aleh
alex
al
aec
alu
alachu
alen
0]
i
u

In Table 4.4 below the suffixes in the subject position from Table 4.3 are mapped with their

respective personal pronouns.
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Table 4.4 Mapping of suffixes at subject place of verbs to personal pronouns

Suffixes Example in Roman text | Example in Geez text Personal pronouns
matched
-E belcE NoE Al
-ch Belteh -ty ATt
-ex Beltex ot A7E
-0 Belto (la% Al
-a Belta Ty hq,
-ew Beltew ato- Allx
-achu Beltacu NaFE At
-en Belten Nt S
-ku ,.Safku e hi
-k ,Safk 96h At
-X Safk &0 ATE
-e woafe 4. Al
-ec ,.Safec %t A,
-u ,».Safu 94 Al
-achu ,.Safacu 94-E A rt
-n ,.Safh %7 hG
-alehu ,»Styalehu 05 LAU- hi
-aleh t“Sfaleh To40v ATt
-alex t“Sfyalex TOFLATI ATE
-al y“Sfal L0464 Al
-aec t“Sfalec todat A4,
-alu y“Sfalu (2L Allx
-alachu t“Sfalachu To4AE hSrt
-alen Int“Sfalen A10407 W
-1 gdey(gdeli) 1%L A7E

The resolution of independent anaphors or independent Amharic personal pronouns part of the

prototype starts by identifying independent anapahors and candidate antecedents in the dataset.
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All nouns and head nouns of noun phrases are used as candidate antecedetns. The constraint and
preference rules used in the first part of the AR prototype are also used in this part. The

algorithm used for the resolution of independent anaphors is presented on Fig. 4.7.

The following example shows the resolution of independent anaphors.

Example,
1. A%M.ANHAC LALTF@D- J°LC7 LOCAN :: ACH PTLLATIFD 7 bk ::

In the above sentence, the independent anaphor is AC( (He). A9lHANAC and 9°€C7 are the
candidate antecedents. The gender, number and person information of the anaphor ACa- is third
person singular masculine, whereas person, number and person information of the candidate
antecedents AMHL.ANC and °£C7 is third person singular masculine. Both candidates satisfy the
constraint rules i.e. the gender, number and person information of anaphors matches the gender,
number and person information of candidate antecedents. As a result, they pass to the next step
where preference rules are applied to select the correct antecedent. The antecedent A“lH.ANhC is
at subject place of the sentence but not definite, recent, boost pronoun or mentioned frequently
so it is assigned an aggregate value of + 2.88 (definite= 0, subject place= +2.88, mention
frequency=0, recent=0, boost pronoun=0). The candidate antecedent 9°£(C7 is assigned an
aggregate value of + 0.89 (definite= 0, subject place= 0, mention frequency=0, recent= + (.89,
boost pronoun=0). From the two candidates, the antecedent A°lH.ANAC has higher aggregate
value than the antecedent 9°2:(C7. As a result, the antecedent A°IH.ANC 1S selected as correct

antecedent referred by the anaphor ACA- (He).
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Identify independent Amharic anaphors found in sentences
Identify antecedents preceding the identified anaphors within the defined scope

Apply constraint rules

= N =

If only one antecedent is left after the application of constraint rules, then take
that antecedent as the correct antecedent referred by the anaphor

5. If the antecedents left are more than one after the application of constraint

rules, apply preference rules on those antecedents.

6. If there is only one antecedent having highest preference rule value after the
application of preference rules then that antecedent is selected as correct
antecedent. If two or more than two candidate antecedents have same highest
aggregate preference rule value, then the antecedent in subject place of the
sentence is selected as the correct antecedent referred by the anaphor. If it
doesn't hold, then antecedent which is definite noun is selected. If definite noun
is also doesn’t hold, antecedent which is more recent to the anaphor is selected.
If all these don't hold, the antecedent which is boost pronoun is selected. Again
if all the above cases don't hold, the antecedent which is mentioned frequently is
selected. Finally, if all the above criteria’s doesn't hold then it is concluded as

anaphora can't be resolved.

Fig 4.7 Resolution of independent Amharic anaphor*s algorithm
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CHAPTER FIVE
EXPERIMENT

1.1. Introduction

In this chapter, we discuss about dataset gathering and preparation, technique used to prepare the
training and testing dataset, tools used to implement the proposed model, evaluation techniques
used to test the performance of the Amharic AR model and experimental results, and finally
discuss about issues reduced performance of the model. We collected 311 sentences having 315
verbs tagged as verbs in the dataset that are used to extract hidden personal pronouns from verbs.
From these sentences, 282 verbs known by Hornmorpho and having subject information on
suffixes when extracted are used to perform the resolution process. Moreover, 163 sentences are
collected to perform the resolution process of independent AR part. From these sentences, 110

personal pronouns are identified and used.

1.2. Dataset gathering and preparation

The dataset used in this work was collected from two sources: WIC and Amharic Holly Bible for
training and testing purpose. The first set of dataset includes chunked Amharic sentences which
were generated as output from Amharic chunker. A total of 320 sentences generated as output of
Amharic chunker are used in this work. The developer of Amharic chunker collected sentences
for the system from Ambharic grammar books, research papers and WIC [19]. It includes
sentences where there is no independent personal pronoun. This dataset is processed for the
purpose of this work. The second set of dataset includes Amharic sentences gathered from
Amharic holly bible. It includes sentences having independent personal pronouns. The reason for
needing second classification of the dataset is because the output of Amharic chunker, which was
collected from WIC and other sources mentioned above, doesn“t have independent personal
pronouns; there are very few independent personal pronouns in the output of Amharic chunker
but they are not as needed for this work that is why we said there are no independent personal

pronouns.

Sentences having independent personal pronouns are collected from Ambharic holly bible. The

collected sentences from the Amharic holly bible are manually tagged and chunked. A total of
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163 sentences having 110 personal pronouns are collected from Amharic holly bible. They were
collected from Ambharic holly bible by the researcher, and tagged and chunked manually with the
help of linguists. Gathering sentences and then, tagging and chunking was one of the challenging

tasks during this research work.

The other set of dataset collected for the purpose of this work is the dataset used to decide values
of preference rules for Amharic language. Since Ambharic language is different from other
languages like English, it was necessary to analyze and determine values of the preference rules

used in this work.

As discussed on the previous chapter, the preference rules used in this work are definiteness,
subject place, recency, boost pronoun and mention frequency. A total of 495 sentences are used
to decide the values of preference rules. Out of the total sentences collected, 288 sentences
having antecedents at subject place, 83 sentences having antecedents as recent nouns, 93
sentences having antecedents as definite nouns, 12 sentences having anaphors referring back to
antecedents which are personal pronouns and 2 sentences where nouns mentioned more than
once are selected as antecedents are identified. Each of the preference rule values are calculated

manually using probability of distribution they have based on the collected sentences.

From the collected sentences, most of the personal pronouns refer to nouns at subject places.
Definite nouns are the second largest set of class referred by personal pronouns. Recent nouns
are ranked third to be referred by personal pronouns. The following table shows determined

values of preference rules for Amharic AR.

Table 5.1 Values of preference rules for Amharic language

Preference Types

Total count in a dataset

Percent from 5

Subject place 288 +2.88
Definiteness 93 +0.94
Recency 83 +0.89
Mention frequency 2 +0.02
Boost Pronoun 12 +0.12

Design of Amharic Anaphora Resolution




The following examples show some of the sentences used to decide the value of preference rules

discussed above.
Personal pronouns referring nouns at subject place

P P11PN399AL7 NIC PTEE T APt A4ldav
AT0L7T LLAD PAADT Y 12-0VS  TAILYF  Fmd-mé

ANVEC PAUA O DdT
ANVEC AU OM9° AADLLT havm? (AL +GRLeT

A

As shown in the examples above, personal pronouns hidden inside verbs refer to the nouns at
subject place. td.c-dae (he) refers to halfir, tméms (they) refers to AZLE?, hé-tT (she)
refers to AlvkC, TGRLT (she) refers to AtvkC. For more examples see Appendix A

Personal Pronouns referring nouns which are definite

1. &CEME 5791007 0C 0AL OTCERATF 170 AdEavs.

2. NETEE WG PPIINTT hAD-AA 78 0L LD PPhT

3. 70 &0 AL 06 PTTOFT clAN @AL

4, OJFLCE OLNSFD -

5. @ARNTEE OL T FaPAN : ACH 1T AT WILTaPAN MPPTF@-

6. 0§ OTLIET A BL o OTLIVEP AF DL AICH AT (4P AT i

In the examples above, independent personal pronouns and also personal pronouns hidden
inside verbs refer to nouns which are definite. As it is also shown in the examples, the subject
place preference rule is highly related to the definite preference rules. Most of the nouns
which are definite are also found on subject place. Definite noun &C@8-E is referred by
Ahgavs.(they) , M9+5E is referred by a-t(they) , Z°A.i- is referred by @A8(he) , OFLCE is
referred by 10t(they). 710 is referred by ACA- (he), @2&9°E is referred by AiCh- (they). For

more examples see Appendix B
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Personal pronouns referring to nouns which are recent

A PO PFCTEOT FCL

hed @7 9Tt Pt HIPT  hu? Om-
WIS OhGTH BOPTF  telLm-

TALN OPFPLA L7181 14 APTF Tk

A A

OH.L POt OAI T L N APTT 0L ALNA AP i ACHI® aPG&ATT NPh AQDM

In the examples above, independent personal pronouns and also personal pronouns hidden
inside verbs refer to nouns which are most recent. 4% (he) refers to 01°1, ®m- (they) refers to
TP T, v (they) refers to BEPF, 9k (they) refers to APF, ACAI® (he) refers to ALON.

For more examples see Appendix C

Personal pronouns referring to nouns which are mentioned most (Mention frequency)

1. PO& OCIFET &AD %L 1 OTLIVEP ¢0& ML AICH ALoPM N4&P ART ::
2. ALOQ NPh70 APmard NIAA  @L SC8TA avd i AN Tr A OrF aomavd A LALATYT W18t Aot
@L Ay FavdAy e +hAha ::

In the examples above, independent personal pronouns refer to nouns which are mentioned more
than once. The examples show the mention frequency preference rule. Nouns mentioned twice
have more preference weight than nouns mentioned once. AiC (they) refers to @2&9>E9®, Az (I)

refers to ©h720.

In this work the AR process is limited to one sentence for personal pronouns hidden inside verbs
and two for independent personal pronouns. As a result, the dataset doesn“t contain much of
nouns mentioned more than once and selected as referred by anaphors. This preference rule is
highly important if paragraph or more than one paragraph is given to AR system as input to be

resolved.
Personal pronouns referring back to personal pronouns

1. AIMANNC Pe OL A7t (AU~ :: A7 17 HI° ANTT i
2. Ab A PMHOT YA 0 AT AUt

3. k3 Phed 2L5% OHTOTT AdY N0 +Pak:

4. K5 060G
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5. A0, A7 FahANT

In the examples above, independent personal pronouns and also personal pronouns hidden inside
verbs refer back to independent personal pronouns. This preference rule is called as boost
pronoun. A7t (you) refers to A7t, Afu~t (personal pronoun hidden is A% (I)) refers to Ak, +Pah
(personal pronoun hidden is A% (1)) refers to A%, A&7 (personal pronoun hidden is 45" (we)) refers to A%,
+FapAANT (personal pronoun hidden is A4, (she)) refers to Ad..

1.3.  Implementation

To implement the proposed Amharic anaphora resolution model, we have used the following

tools.

Python 3.2 programming language: is a programming language used to develop Amharic

anaphora resolution prototype.

Ambharic chunker: is a tool developed to chunk POS tagged Amharic texts [19]. It is used to get

chunked amabharic texts. Sample outputs of the chunker are presented as follows.

e [("ha','N"),['0&%F","NPREP'], (' ®2 PREP 48 N"','PP'), ('%2','V")]
o [('éF®¢t ADIAOLN','NP'), ("ad','N'), (' 0me ADJ g@sa- V', ' VP ')]
e [("0Am','N"'),('s®»$NAaRPREP','PP'), (' @24','V"')]

Hornmorpho: is a tool developed using python programming language to analyze the
morphology of three Ethiopian languages, Amharic, Oromo, and Tigrinya [6]. We have used this
tool to get morpheme information of words. Sample morphemes extracted for the given words

are presented as follows.

o t&la: {qWrT+tele2 e3}(prf,pas)-u(sb=3p)
o i mT'+1e2 a}(prf)-ec (sb=3sf)
o Afu-t: {'y*+a2 e}(prf) -hu(sb=1s)- t(deflob=3sm)

SERA: is a tool developed to convert Ethiopic script into the seven bit American Standard for
Computer Information Interchange. We have used it to convert Amharic texts into English texts.

The following examples show Ambharic texts and their respective converted texts.
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e _em4n" is converted as ,yTefalu™
o PO is converted as ,,tewasku

o K BO+FT is converted as ,,aCawetecn™

1.4. Test results

A technique called 10-fold cross validation is used to prepare the dataset as training and testing.
In 10-fold cross validation, the entire dataset is randomly partitioned into k equal samples. From
these k samples, one sample is used as testing dataset whereas the remaining k-1 samples are
used as training datasets. Since it is 10-fold cross validation, the process is repeated 10 times.
Average value of the ten testing dataset results is used as overall performance of the system [22].
After preparation of the dataset for testing and training, the next step we performed was
evaluating performance of the model. The evaluation methods we used to test performance of the
Amharic AR model are Success Rate and Critical Success Rate [24, 25]. Their formula is

presented as follows

Number of correctly resolved anaphors

Success rate =

(5.1)

Number of all anaphors

Number of correctly resolved anaphors

Critical success rate = (5.2)

Number of anaphors with more than one antecedent
The second formula (5.2) is used when anaphora has more than one antecedent after the
application of constraints; gender, number and person constraint rules. Critical success rate is
less than or equals to the overall success rate. Anaphora resolution approaches having high
critical success rate closer to the overall success rates can be taken as good approaches [24].
Since knowledge poor anaphora resolution approaches rely mostly on preference rules, it also

shows how accurate the preference rules are in solving the antecedents to the correct anaphors.

While preparing dataset to evaluate performance of our Amharic AR model, hidden anaphora
part, we have discarded some verbs which are not known by Hornmorpho and also verbs having

no subject information in their suffixes. Some verbs like ¢F, AA@-, AfN%L, T, +d.idav in the
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dataset are not known by Hornmorpho while others like A72.2ams+t, AtTm@P@®:, ALNA are
known by Hornmorpho and morpheme information are extracted but their subject information is
not in suffixes. Our scope is limited only to subject information of verbs in their suffixes. As a
result, verbs having no subject information in suffixes are discarded. The above two cases cover
around 10.5 % of the entire dataset. So we have worked on around 89.5% of the entire dataset.

Summarized description is presented below in Table 5.2

Table 5.2 Accuracy of Hornmorpho to extract morpheme information of verbs

Total count Percent (%)
Verbs in dataset 315 100
Verbs having suffix 282 89.52
information at subject place
of verbs
Verbs having no subject 10 3.17
information in suffix
Verbs not solved or known | 23 7.30

The performance of Hornmorpho to extract morphemes from verbs based on the dataset provided
by us is around 92.7%. As shown in Table 5.2 above, verbs™ having no subject information in
suffixes is around 3.17%. Out of these, some verbs have subject information in subject place of

prefixes yet removed because it is out of our scope.

There is no separate personal pronoun to indicate the pleonastic pronoun ,,it“in Amharic. The
pronoun he (Ad+) handles it. Unlike English, objects are referred by the personal pronoun ,,h€* in
Ambharic. When personal pronouns hidden inside verbs are extracted, the personal pronouns
referring objects are extracted as ,,he”. So in the result of AR, objects are referred by personal
pronoun ,,he“. The same thing happens when resolving datasets having independent personal

pronouns. The independent personal pronouns may refer to objects.

To test performance of our Amharic AR model, prototype is designed using python

programming language. Its performance is evaluated using the evaluation methods or formulas
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presented in Section 5.3. Both the hidden anaphora and independent anaphora resolution

performances are presented in Sections 5.3.1 and 5.3.2.

1.4.1. Performance of Amharic AR model for anaphors hidden inside verbs

As discussed in introduction part (5.1) , 282 verbs are used to extract hidden personal pronouns
inside them. The overall performance i.e. success rate of Amharic AR model for anaphors hidden
inside verbs is 81.79 %. Generally, the success rate of Amharic AR model for anaphors hidden

inside verbs is 81.79% whereas the critical success rate is 76.07% percent.

Amharic AR model correctly resolved 89 hidden anaphors from 117 hidden anphors having
more than one antecedent after passing the constraint rules which is critical success rate. Detail
performance result of Amharic AR model in the test datasets for hidden anaphors is presented on

Table 5.3.

Table 5.3 Success rate result of Amharic AR model of hidden anaphors

Dataset Wrongly resolved | Rejected by Amharic AR prototype Success rate
Testing Dataset 1 4 1 82.14%
Testing Dataset 2 5 2 75%
Testing Dataset 3 4 0 85.71%
Testing Dataset 4 4 2 78.5%
Testing Dataset 5 7 2 67.86%
Testing Dataset 6 1 4 82.14%
Testing Dataset 7 2 1 89.29%
Testing Dataset 8 2 0 92.86%
Testing Dataset 9 1 1 92.86%
Testing Dataset 10 7 1 71.43%

1.4.2. Performance of Amharic AR model for independent anaphors

As discussed in introduction part (5.1), 110 independent personal pronouns are used as dataset
for the independent Amharic AR part. The overall performance i.e. success rate of Amharic AR
model for independent anaphors is 70.91%. Generally, the success rate of Amharic AR model for

independent AR part is 70.91% whereas the critical success rate is 57.58%.
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Amharic AR correctly resolved 46 independent anaphors from 70 independent anaphors having
more than one antecedent after passing the constraint rules which is critical success rate. Detail

performance result of Amharic AR model of independent AR part is presented on Table 5.4.

Table 5.4 Success rate result of Amharic AR model of independent anaphors

Dataset Wrongly resolved | Rejected by Amharic AR prototype | Success rate
Testing Dataset 1 3 2 54.55%
Testing Dataset 2 1 0 90.91%
Testing Dataset 3 3 1 63.64%
Testing Dataset 4 2 1 72.73%
Testing Dataset 5 3 0 72.73%
Testing Dataset 6 6 0 45.45%
Testing Dataset 7 1 0 90.91%
Testing Dataset 8 4 0 63.64%
Testing Dataset 9 3 0 72.73%
Testing Dataset 10 2 0 81.82%
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1.5. Discussion

During our experimental result analysis, we have found some reasons which led to the reduction

in performance. The following points illustrate the reasons:

1. While working on the resolution of personal pronouns hidden inside verbs, we have
found sentences talking about someone in singular way showing politeness. On these
sentences verbs are represented as plural but semantically they are not plural rather they
show politeness. Whereas, nouns that they are referring to are presented as singular. As a
result, they don*“t match when constraint rules are applied. See the following examples.

Example,

1. AP0 PCAFD- QAP (\H T& aPNAT Adav-

As it is shown in the example above, personal pronoun hidden inside the verb Adav- is
plural which is extracted as A (they) by our Amharic AR model. Whereas 017°10.@-
which should be resolved as correct antecedent is discarded because it is singular.

In the above example, personal pronoun should have been extracted as AATF®- (he)
instead of A (they). But, Personal pronouns like ACOL (you) and AGF®@- (s/he)
which show politeness are out of the scope of this work. As a result, they are not

handled by our Amharic AR model which led to reduction in performance.

2. T&NATE AP0 TLLVECTT (NGHT 9904 (oo

As it is shown in the above example, hidden personal pronoun inside the verb fiae- is
identified as A+ (they) same to the first example. But, the candidate definite noun
T&H4SrE which should be resolved as correct antecedent is discarded because it is

singular when the anaphor is identified as plural.

2. There is scenario in Amharic where verbs and nouns not much in gender and number
while sentences are correct. The number mismatch is discussed in the previous example.
See the following example for gender mismatch.

Example:

1. AAP28 NOTINL A7281G W8LLLE A98s P07 hanGhe-OT
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The above sentence is valid sentence. The verb AmGhé-AF has personal pronoun
hf(she) hidden inside it. A9%¢h is correct antecedent from existing choices preceding
the verb and should also be selected as best antecedent by Amharic AR model. But
Ambharic AR model resolution process didn“t select A726% as correct antecedent. It is
because when the constraint rules, gender, number and person information, are
applied it didn“t match and as a result discarded. Gender, number and person
information of A9%¢h is 3™ person singular masculine. Gender, number and person

information of the verb Amshé-T is 3™ person singular female.

3. There are sentences in our dataset which are valid semantically but antecedents being
referred by the anaphors are not found in it. The following example elaborates more.
1. ha A9P7 A28AGPDN AD-PAT
In the above example, there is no antecedent being referred by the anaphor A@-at
[AQ, (she)]. Personal pronoun hidden inside the verb A@-$AT is Aq, (she) but there is

no antecedent in the sentence referred by it.

The performance, both success rate and critical success rate, presented in Section 5.3 are affected
by the problems described above. The performance would have been better if limitations
presented wasn“t exist or solved. So, having all the limitations listed, the performance achieved

during this work is encouraging.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATION

This section presents conclusion and recommendations of the work. The research work presented
in this work is summarized briefly as conclusion, and the future works which would enhance

performance of the model are presented as recommendations.

6.1. Conclusion

It was discussed that there are different forms of anaphora when dealing with anaphora
resolution. But, in this work we have focused on only pronominal anaphora types of anaphora
specifically on personal pronouns. To achieve our objective, we have used knowledge poor
anaphora resolution approach. This approach doesn‘t need complex semantic, syntactic and other
related knowledge™s to solve anaphora. It uses low level knowledge's like morphological

analysis.

The proposed Amharic anaphora resolution model has two parts. The first part is used to resolve
independent Ambharic personal pronouns whereas the second part is used to identify hidden
Ambaric personal pronouns and then solve them to their correct antecedents. The major
components of designed anaphora resolution model, in this work, for Amharic language are data
preprocessing, identification of hidden anaphors, identification of independent anaphors,

identification of candidate antecedents and Anaphora resolution.

The model takes Ambharic texts as inputs and then POS tags and chunks them to get chunked
texts. Independent Amharic personal pronouns and hidden personal pronouns are identified from
these chunked and POS tagged Ambharic texts. Hidden Amharic personal pronouns are identified
from verbs by extracting suffix information of verbs. To get hidden Amharic personal pronouns,
we have applied Morphological analysis. Candidate antecedents are also identified from a set of
chunked and POS tagged Ambharic texts. All noun phrases and nouns in the POS tagged and
chunked Ambharic texts are considered as candidate antecedents for the anaphors. Constraint and
preference rules are applied on a set of candidate antecedents and a set of anaphors to identify

correct relationship between antecedents and anaphors.
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To test the performance of the model, we have used the evaluation metrics called success rate
and critical success rate. A technique called 10-fold cross validation is used to divide the dataset
into training and testing datasets. 282 verbs are used for hidden anaphora resolution part whereas
163 independent personal pronouns are used for independent anaphora resolution part. The
average success rate and critical success rate of hidden anaphora resolution part are 81.79% and
76.07% respectively whereas average success rate and critical success rate of independent

personal pronouns resolution part are 70.91% and 57.58% respectively.

6.2. Recommendation

Anaphora resolution is very complex task which needs knowledge®s like morphological,
syntactic, semantic, world knowledge and other type of knowledge®s which are complex to deal
with. Applying all kind of knowledge“s needed is labor intensive and time consuming, and as a
result hard to achieve. As a result, we have focused on knowledge poor anaphora resolution
approach. The following are some of the recommendations we suggest to be done in the future to

increase the performance of the model.

» Performance of knowledge poor anaphora resolution approach depends highly on
constraint and preference rules. Constraint and preference rules used in this work are very
few in number. Therefore, we recommend incorporation of more constraint and
preference rules, specially the rules which are specific to Amharic language.

» Ambharic documents which are POS tagged and chunked are not found for Amharic
language. As a result we tagged and chunked some documents manually which was so
tiresome and time consuming. Therefore, we recommend incorporation of high
performance POS tagging and chunking tools.

» Since we couldn“t get Amharic documents which are POS tagged and chunked, and POS
tagging and chunking texts manually is tiresome and time consuming, we have used
dataset which is not large. We recommend preparation of large Amharic documents
which are POS tagged and chunked so that it is used for anaphora resolution researches in
the future.

» List of suffix information used to extract hidden anaphors from verbs presented in

chapter 4 of this work are not exhaustive list. Adding more suffix rules found on subject
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place of verbs helps capture more pronouns hidden inside verbs. Therefore, we
recommend making suffix rules exhaustive as much as possible.

» In this work we focused on suffix information which are on subject place of suffixation
order of verbs. Capturing prefix information which are found on subject place of verbs
improves the performance of anaphora resolution. Therefore, we recommend using of
prefixes on subject place of verbs combined with subject place information of suffixes.

» In this work we have extracted definiteness, gender, person and number information of
nouns manually which was so tiresome and time consuming because we couldn“t get high
performance tool to do so. Here we recommend use of high performance tools to extract
definiteness, gender, number and person information of nouns.

» In this work we have focused on only Ambharic personal pronouns because trying to
address all type of anaphora at one time is very complex and time consuming. We

recommend extending the work to other types of anaphors.
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Appendix A: sample independent & hidden personal pronouns referring

nouns at subject place

1
2
3
4
5.
6
7
8
9

11

. o884 N& TS Oyt AGaPHI: 1P T TATTT Am
. A Ak RZOCHE AQheeMu-0t A%t &40 AR
. Q97 QA4 oy -

. 0Am @L 189 4L

AP o16@- A6 PFE avUE AMTFD-

. &ATTH NNP° L G
. NAm H& AR @M

. &thévk 0270 AT

. A dé -

10.

KON ho7Lav RANT QD 4.6 10+

. Klg @78:av- LONH@-7 100 PhAE: 914 +PDP
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.

LCD- £.FL SHOALHVTF DT 198PT HCHC AOM
QTP NSO L7 AN LT O-QT AADT
HOF @« AOS@ AALPLAT 2713 HIPUCT HarhN
TCTE SO AP RULC A2 oG A12M2L mé
ADPD- K748 1147

A Gk 0rF M

TCYE ear@- AB (07 AANEC T7HAO AhAZA
Phd: OFF 924 A7204 Mmé-

AOEC T59° 28T

TEHATE ARIM- UHA AT8AHT 105
FPVCHLAT A1d1et avhmt Bavé.

40D+ 851TN77LALT NC +NE- HCT ATT
0Am +70 0+ -

0AM B> AL DL

KO T960- AHT16PE NNVTFD-

ha L+ @07 10C

A@P@- (MYg° LB9° -

097 A28 A0k h$G Jravav
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30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.

47

51.

52.

53.

54.
55.

56. RAMMANNC FC aPrT PIPOTFU- AR ACAT ML PTLLLCT P75 (Fé-h 10+

&3 ¢4 Kk O NN9° DS

A0N (0 &4 10

AT TAP 0729 h18.20MG T hed OO T 11470
AOvEC AU 0M9° AADLLT naem? NAL +GRLT
DAL, N LPHD-T A4.0 NCA A1

A9°00- PCAFO- AAAP - TS aPNAT hdao:

Ao A0E MTNE ATROTTILD ARRA, FPLT O 11T
LCPk 13317N57A.07 OC Par 1L 110 FP 17 APNEL 10
ha AOECT 1441

ha 77T 0L 159 2L

KATTH hANEC P0AMT 72 1

A ALY (LF O 2FTEA

hA &CO-7 A20A OL TIPUCTOT SR

AVLE NTHAD- +MShE OTLA

KAPZLDP% 0 ¢ vl aP(\lrk

AP (hCre PTE2° D7 Wt +P@avt
THPPS ook 550 AOLTFT h18.4-k 00T

. b 020 Ange P
48.
49.
50.

ADPD- (L1 20 BT
ha Ao+ 2189 Phidé
hd 170 oZUs Am

2eLa mLOr? AAmCt hhe 2007 FhhAG L 28 @0 AR9® A2t o1 A78A 71474

ANT@- ::

A0 NPh70 AGPMard NIAA DL SCACH aPM:: Sh 17 A A aPmard ALNLATT W8T

At @L Wy FarMAY e FhAahA::

AR0Q AU ET Rbartav-Ct L RGOk MGt ChrA? P& TT7 A28.L0mM: LBYS ho19°7 Ui

AT94.00 220N T ANV TD-;:
AHOI® (190 Lav- (RTS NALFTFT AL LU-T NAD- aPAR-::

@ARRG® PET W28Y AANFO Ates PHAPAD T ALMNT A2LIPTHEAT AD-FPAU-S:: ACH (Y

fA9P::
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57. KRMANRC TONT LANAG:: ACA APTT LAT ShoVFA

58. CAMANAC PO A7NT PANTIP:: ACA ALt DATF@- 1D-::

59. AMAOAC 07LT181% 7 Ut £RAGA:: PU-t 027 ACAKT (FHO4G S P4
60. AMHANAC PAhSG &PC 0L 10+:: ACH UL (AT ANITAT
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Appendix B: sample independent & hidden personal pronouns referring
nouns which are definite

1
2
3
4
5.
6
7
8
9

11

26.

. N84 NGHT oM ANGPHIY: ATSPTF GATTHE Am
. AOtom- A+UISPE aogue AMF@-

. KThak 0270 A%

. MLCD- 2P CHALHOVFDT 198PTF HCHC hOM

WGP 1SN LLMND-7 ANA (L TOT AATHT

. HOF@< has®- AAdPLAT 091 T9°UCT FaPHIN

. ToHAYR ALOM- UHA AT8AHT 10

. 4Ngh@< 8517PNTULALT NC O+ NE- CF ATT

. AFL FAP 0729 WR.LAMST hed 0T 14T
10.

AP0 PCAFO AAAP H Té aPNAT hdav-

. &CPE (133170571007 OC 2o 718 110 FPT7 hehEL 10+
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

THPPS Ttk 550 AALET W94k 0P

WIOE A28 ha P

1980~ 70 PLALACUY N9 M

K OFLCF OFL AN LTFO K7L (9°N07 TPOAF@-
O P LLNNDT (V78 (1TDA APar-

KCE: AT ARG 0184TT VFE ABFO-7 AT O
MNPTFE WG 0TI T AD-AA 7.4 DL LD~ Pht

A P72 ¢ CUHAN THAO 4P

KOHP@ OB A705 QA@M POCP (%t TiaP@-
ATIFLI% 1671087 1PEPTT APl T1LLTT R
IHMPD- T (ATEEN PHLLINTFOT APANA 027N HIk
L0tehE 013671427 G 27718 715 KhGDGA

NCAD- i+ A% N@-Om- AASH NN9° hNL?

MG +RE 103 h10 O+ QA4 AnSPP 65TV ALt 1PLPT ANt Agvamt
A28 Q0T AP MR ADFO-PPA =

PAAI® APé T CATY V(LT PhATLPe TCATT CASL EhTAEPT +mPol, W1&WPT ATIFA NAd.
Fh AFPAALE HaP OC @201 avPaviF M- ToHHA TR ROLLTPA =
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27.R0C4T OZ°CT ANG4TT AT10L ATLU9° LNAM DM APPT U9 AhAt AP AWE
+POHD- ao(1gt WILIINVFD-I° TEHATE AOTTHOPA =

28. &CBk (aAD- A4k POCT T AT ATING4T hPLA =

29. &CPk He AAACXEL G WA AT80TOPO- NPANE A12 AT CI0LO<7 SHAOTTT ACTHT
®L 15 Akt NG A0 A&CAA =

30. &CPk PATRC LH CEOOHT? PAPC QAT LALA ARLT

31. @ARRG® PET ATGY AAFO AHeS PHAPADT ALAOT AIRIPTLAT AD-PAVS:: hCO (HY
PAIC::

32. TAMA v-5F@ ANC hI010H OOEPC 9o29° 429 PALAD- aPPT -tava et A hHY AD+ 89° F2ch
77 070t @7 Ao Ok & AZET ol AHOG® (oo Lav ORGS NAZFTT AL Lu7
NAD- a7

33. @R AOFFO- DRICH ANAM PT.0LD- aoIPFY (LR L7 Mt

34. (wtrkg® PHé €& AN aPANI® ALY AP LH hes®- Oa% AT hACA® OC AINLO- AN,
AmTF@- ACAI° A
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Appendix C: sample independent & hidden personal pronouns referring
nouns which are recent

—

20904 NP 7°CT A“TadA 1100, NG -+arn
AIH.E BEPT +Plme
hAQBC POAMT $78 AR N159° aoF
U0t Ma e1Na mA g M
ANFLE 0TIAL hWTL1G WT18LLEE ho%eh 7t ? hnShe-AF
NL7IBC £7 PPL PNC RTC Km0, 10D
U0t ACFC 73U 991C P HAm
ACT TLALA NPPEN 27181 14 APTF Tk
P778C vt HA® oot @< TCENt He taold
L TLALA NPFPE0 4728 14 APT ™
. hA 9 L2201 AP ANI° hAHT +MA
. PV E AANAMS T QUHT a0910B, avphhvt $TAA
. A PH@- O 9T mé-
. P08 E AANANST avolns, avph kvt TAA
. PA 787 45 M0k héet
NA@CT VNt PhCre- RIPAALE NYALTT AAE 10-
. nA eFNAF O FAAP U-AT A°IC BEPT TBlme
Q15 @25 NCh PRS0t aPAuT Ak
. NeA @0 PIUTET Pt HUIGPTF AT Ome
. oA POt AT (1MgP Fraoao-
. NLG PAVLL 180 M-.0F A av,,
. NA PHO- 0HG7E (19 4L
. 1A PH@- 24-F bt NNI° PIPGA
. £0SN9° P AROE APZNAT:: ACAI® NA::
. P00+ 0718 AR IHANAC & AT 106 RGOk aPLEDT U=t LAPLIPLA
. NF2.9° AV OATMANDRC Fa07:: (19°71LY U ACHT 0OP::
PP e N3 &7k TP TPan, 2 WGk 0AET 0L rd ADM::

© © N N kW DD

N N NN NN NN NN~ PP = PP,
~N O L A WO PO VO 00 N NO DN PO
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28. AAOXE PHILCOT 0PP0LP AGSN KIC Ak AIPTEG 04T7 A& WIRI°FTOGIL L8410
100 =

29. AT PAUAR VD9PG §38 0Pt AL P4 P LG (LTCI° PFOELD- P AD A PT
0ooTTH PN AN @FT STP ANCLTPA =

30. TLOHC AAGPCHT LADFPA HAD- PTLnOET OB 4L TNt TOT AL APPSO (LA
H0A =
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Appendix D: sample hidden personal pronouns referring personal pronouns

A% A PO 70 (19 FATE AUt

A% A0 Ahe

A% PheA 2L5% ¢G0T A N0t TPhhe
AT 0c- &

Ar A0 HE AAF@0 ACT ANA Al

Az hO\) TPhhr

&% (19 &P~

A4, 10 14 TPSATF

A, A7 AL0Fo-

10. Afr A0-E7? LavAad

11. AF AP0+ AM77? 0T Q- NFA D-OT (&7
12. RICOI® ACO @L RICH (L.oPM) (4P APT::

© 0O N o gk~ wDdPE
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Appendix E: sample independent & hidden personal pronouns referring
nouns mentioned most

. PA%E O ET GAD 4L OFLEI ¢AG 0L AYCHA N.97M (4P A%T i
2. APON OPhIN APmand A A OFL ¢CETh oM K70 17 A O arm
avp O PNEATY RILT A1 ®L A Farampay A- -HFhaha ::
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Abstract

Anaphora resolution is the process of finding an entity which points backward to a word or
phrase that has been introduced with more descriptive phrase in the text than the entity or
expression which is pointing back. An entity referring back is called anaphor, whereas the word
or phrase being referred is called antecedent. Anaphora resolution is used as a component in
NLP applications like machine translation, information extraction, question answering and others
to increase their effectiveness. Building complete anaphora resolution systems that incorporate
all linguistic information is complex and still not achieved because of the different nature of
languages and their complexities. In the case of Amharic language, it is even more complex
because of its rich morphology. In addition to independent anaphors, unlike other languages like

English, Amharic language has anaphors embedded inside words (hidden anaphors).

In this work, we have proposed Amharic anaphora resolution model using knowledge poor
anaphora resolution approach. The approach uses low levels of linguistic knowledge like
morphology to build anaphora resolution systems avoiding the need of complex knowledge like
semantic analysis, world knowledge and others. The proposed model takes Amharic texts as
input and preprocesses to tag the texts with word classes and various chunks. Anaphors, both
independent and hidden, and antecedents are identified from the preprocessed dataset. The model
deals with both intrasentential and intersentential type of anaphors. Finally, the resolution
process uses constraint and preference rules to identify the correct antecedent referred by the

anaphor.

To evaluate the performance of the model, Amharic texts are collected from Walta Information
Center (WIC) and Amharic Holy Bible and used as datasets. The collected dataset was divided
into training and testing datasets based on 10-fold cross validation technique. Based on the
collected dataset, we achieved a success rate of 81.79% for resolution of hidden anaphors

whereas an accuracy of 70.91% was obtained for resolution of independent anaphors.

Keywords: Ambharic anaphora resolution, knowledge poor anaphora resolution approach, hidden

anaphors.
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