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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 „AI-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, „he„ 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.  It 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. ዛሬ ቶዮታ መኪና አይቻሇሁ፡፡ መኪናውም  ነጭና ማጠብ የሚያስፈሌገው ነበር ፡፡  

       In this example, „መኪናውም „is anaphor referring to the antecedent „ቶዮታ መኪና„.  

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

       In this example „them‟ is anaphor referring to the antecedent „four cooking apples„.  

5. Abebe needed a car to get his new job. He decided that he 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. አበበ በሶ በሊ::  ከዚያም በኋሊ ወዯ ትምህርት ቤት ሄዯ:: 

In this example, the verb „ሄዯ‘ refers back to the subject ‘አበበ‘.  Identifying how the verb „ሄዯ„ 

refers to the subject ‘አበበ‘ is solved with the help of morphological analizer. The morpheme 

information that the morphological analizers extract help identify hidden pronouns like 

personal pronoun „he‟ (እሱ) hidden inside the verb ‘ሄዯ‘.  

7. ከአበበ በፊት ቴአትር የሚጽፉ ከበዯ በቃለ ቸርነት ዯስታ ዲዊት የሚባለ ዯራስያን ነበሩ:: አበበ በተነሳ ጊዜ ግን ከሱ 

በፊት ወይም በሱ ጊዜ የነበሩትን ሁለ በሌጦ አስናቃቸው::  

 

በ1985 ዓም አበበ የቴአትሩ ሥራ እየተስፋፋሇት ሄድ ብዙ ገንዘብ ስሊገኘ ወዯ ተወሇዯበት አዴስ አበባ ወዯሚባሇው 

ከተማ ሄድ ውብ የሆነ ትሌቅ ቤት ገዝቶ አባቱ እናቱ ሚስቱና ሁሇት ሴቶች ሌጆቹ በዚሁ ቤት ውስጥ እንዱቀመጡ 

አዯረገ::  

 

In the above two paragraphs the underlined words represent some of the anaphors and the 

antecedents. For example, in the first paragraph ‘ከሱ‘,‘በሱ‘,‘አስናቃቸው‘ refer to the antecedent 

‘አበበ‘ but additionally the word ‘አስናቃቸው‘ also refers to the mentioned writers. There are 

hidden anaphors in the word ‘አስናቃቸው‘.  The hidden anaphors in it are „he„ (እሱ) and „they„ 

(እነርሱ).  

 

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

Amharic 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:  

 Review literatures in the area of anaphora resolution and different approaches needed to 

solve it. 

 Study the nature and characteristics of Amharic language  

 Collect Amharic documents to be used as dataset 

 Develop a model for Amharic anaphora resolution 

 Develop a prototype using the model developed 

 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 

Amharic 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 Amharic 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]. 

 

Amharic 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 Amharic 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:  

 

               
                                     

                      
                                           (1.1) 

  

                     
                                     

                                                
           (1.2) 

 

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, „her’ 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. 

 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’. 

 

 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 „vehicle‟ refers to the 

antecedent „bus‟ 
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 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‟. 

 

 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 

„Ethiopian 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 

dog‟.  

http://www.ranker.com/review/eunice-jepkorir/960552
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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]. 

 

 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. 

  

 Zero noun anaphora [28]: 

This type of anaphora occurs when the head noun of Noun phrase is omitted in the 

sentence. 

 



Design of Amharic Anaphora Resolution Page 14 
 

Example: 

There were many lead guitars in the shop before one hour, now there are 

none. 

 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]. 

 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. 

 

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

identified using syntactic knowledge of the language. 
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 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. 

 
 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. 

 
 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. Identification 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. Identifying 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. 

 



Design of Amharic Anaphora Resolution Page 21 
 

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. 

i. 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 

is 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 

 

Amharic 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 Amharic 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].  

 
Amharic 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 

 

Amharic 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 መክና (mekina/car), the following words are generated 

through inflection and affixation: መክናዎች (mekinawoc/cars), መክናው (mekinaw/ the car 

{masculine}/his car), መክናየ (mekinaye/my car), መክናየን (mekinayen/my car {objective case}), 

መክናሽ (mekinax/your {feminine} car), ሇመክና (lemekina/for car), ከመክና (kemekina/ from car), 

etc. It is also possible to generate the following words from the adjective ትንሽ (tnx/small): ትንሹ 

(tnxu / small, {definite} {masculine} {singular}), ትንሾች (tnxoc/ small {plural}), ትንሾቹ (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 Amharic 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, አሌፈሌግም (ysebreNal/ I don‟t want) is a complete sentence. 

 

2.5.2. Amharic Personal Pronouns 

 

Pronouns in Amharic 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 እርሱ in the example below. 

Example, 
 
መሌእክተኞቹ ወዯ ንጉሱ ተመሇሱ :: እርሱ ግን ሇምን እንዯተመሇሱ ጠየቃቸው :: 

 

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

following example. 

Example, 

ካሳ   የገዛው   የትናንቱ በግ ታረዯ     

In the example above the verb ታረዯ shows personal pronoun እርሱ 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 

pronouns in 

Amharic 

Personal 

Pronouns in 

English 

Independent 

personal 

pronouns 

Romanized 

Person 

Information 

Number 

information 

 

Gender 

information 

እኔ 

 
I 

InE 
1st person Singular 

 

Male/Female 

አንተ 

 
You  

ante 
2nd person Male 

አንቺ 

 
You  

anci 
2nd person  Female 

እሱ 

 
He 

Isu 
3rd person Male 

እሷ 

 
She 

IsWa 
3rd person  Female 

እኛ 

 
We 

INa 
1st person Plural 

 

Male/Female 

እናንተ 

 
You  

Inante 
2nd person Male/Female 

እነሱ 

 
They  

Inesu 
3rd person Male/Female 

እርስዎ You Irswo 2nd person Singular Male/Female 

እሳቸው He/She Isacew 3rd person Male/Female 

 

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

personal pronouns (እርስዎ and እሳቸው) 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 Amharic. 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 Amharic.  

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: 

i. 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. 

 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: 

 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.  

i. Parsing the document using parsers 

ii. Storing word and sentence objects 

iii. Locating anaphora 

iv. Locating candidates 

v. Applying number agreement constraint rule 

vi. Applying preference rules 

vii. Applying recency coefficient and then sort by the scores 
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viii. 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 

 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 

 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. 

 



Design of Amharic Anaphora Resolution Page 32 
 

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 

Amharic 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 Amharic 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 Amharic sentences manually. 

Amharic 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: 

 መስተዲዴሩ ከፍተኛ ውጤት ሊስመዘገቡ ተማሪዎች ሽሌማት ሰጠ 

[( ' መስተዲዴሩ ' ,  ' N ' ) , ( ' ከፍተኛ  ADJ  ውጤት  N ' , ' NP ' ), ( ' ሊስመዘገቡ ' , ' 

VPREP ' ) , ( ' ተማሪዎች ', ' N ' ) , ( ' ሽሌማት  N  ሰጠ  V ' , ' VP ' )] 

 ሄሮዴስ ጠቢባኑን አስጠርቶ ኮከቡ የታየበትን ትክክሇኛ ጊዜ ተረዲ :: እኔም እንዴሰግዴሇት የት እንዲሇ 

ንገሩኝ አሊቸው :: 
[ ( ' ሄሮዴስ ' , N ) , ( ' ጠቢባኑን ' N  ' አስጠርቶ ' , V ' , ' NP ' ) , ( ' ኮከቡ ' N 'የታየበትን ' VP 

,' VP ' ) , ( ' ትክክሇኛ ' ADJ ' ጊዜ ' N ' ተረዲ ' V , ' VP ' ) ] :: 
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[ ( ' እኔም ' PRO ' እንዴሰግዴሇት ' VP ' ) ( ' የት እንዲሇ ' VP ' ንገሩኝ ' V ' አሊቸው' 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 Amharic personal pronouns to get anaphors. Chunked Amharic sentences presented above 

show nouns, pronouns and verbs clearly but non chunked Amharic sentences don‟t. So, chunking 

helps identify antecedents and anaphors. More examples on the chunking ouput are presented 

below. 

 [( ' መስተዲዴሩ ' ,  ' N ' ) , ( ' ከፍተኛ  ADJ  ውጤት  N ' , ' NP ' ), ( ' ሊስመዘገቡ ' , ' 

VPREP ' ) , ( ' ተማሪዎች ', ' N ' ) , ( ' ሽሌማት  N  ሰጠ  V ' , ' VP ' )] 

 [( ' ሰራተኛዋ ' , ' N ') , ( ' ዝናብ N ያረጠበውን VREL ' , ' S '), ( ' ሌብስ ' , ' N ') , ( ' 

ቤት N ውስጥ PREP ' , ' PP ' ), ( ' አሰጣች ' , ' V ' )] 

  [( ' ሌጅቷ ', ' N ') , ( ' ትሌቅ  ADJ  ወንዴሟ  N ', ' NP ') , ( ' እንዱያስጠናት ' , ' V ') , 

( ' ክፍሌ  N  ውስጥ  PREP ' , ' PP ') , ( ' ነገረችው ' , ' V ' )] 

 [( ' ሽምግላው ' , ' N ' ) , ( ' ጥርሳቸው  N  ስሊሇቀ  VPREP ' , ' VP ') , ( ' ብዙ  ADJ 

ጥሬ  N ' , ' NP ') , ( ' መብሊት  N  አቆሙ  V ' , ' VP ')] 

  [ ( ' ሄሮዴስ ' , N ) , ( ' ጠቢባኑን ' N  ' አስጠርቶ ' , V ' , ' NP ' ) , ( ' ኮከቡ ' N 'የታየበትን ' VP 

,' VP ' ) , ( ' ትክክሇኛ ' ADJ ' ጊዜ ' N ' ተረዲ ' V , ' VP ' ) ] :: 

[ ( ' እኔም ' PRO ' እንዴሰግዴሇት ' VP ' ) ( ' የት እንዲሇ ' VP ' ንገሩኝ ' V ' አሊቸው' VP , VP ) ] 

:: 

 [ ( ' ኢየሱስ ' , N ) , ( ' በዮሏንስ ' NP ' ሇመጠመቅ ' VP , ' VP ' ) , ( ' ከገሉሊ ' NP ' ' ወዯ ' 

PRE ዮርዲሮስ ' N , ' NP ' ) ( ' መጣ ' V ) ] :: 

[ ( ' ዮሏንስ ' N ' ግን ' , ' NP ' ) , ( ' እኔ ' PRO ' ባንተ ' PRO ' መጠመቅ ' V ' ሲያስፈሌገኝ ' V , ' 

VP ' ) ( ' እንዳት ' ' አንተ ' PRO ' ወዯ ' PRE ' እኔ ' PRO ' ትመጣሇህ ' V , ' VP ' ) , ( ' ብል 

ተከሊከሇ ' VP )] :: 
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4.2.2. Identification of independent anaphors  

Independent Amharic personal pronouns are considered as independent anaphors. As discussed 

on chapter 2, independent Amharic 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 እርሷ (IrsWa), some of which are: 

የእርሷ (yeIrsWa), ከእርሷ (keIrsWa), በእርሷ (beIrsWa), እርሷን (IrsWan), የእርሷን (yeIrsWan), እርሷንም 

(IrsWanm), የእርሷንም (yeIrsWa) , እንዯእርሷ (IndeIrsWa), 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. Identification 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. 

 ሰጠ: {sT*+1e2_e} (prf) - e (sb=3sm) 
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 ሰጣቸው : {sT*+1e2_e} (prf) - e (sb=3sm) -ac_ew (ob=3p) 

 ሌኮሊታሌ : {l'k+13} (ger) - o (sb=3sm) -l _ (prep2) - at (ob=3sf) - al (aux) 

 ጠፉ : {Tf'+1e2_a} (prf) - u (sb=3p) 

 ነገረችው : {ngr+1e2_e3} (prf) - ec _ (sb=3sf) - w (def|ob=3sm) 

 አቆሙ : {qwm+a1o3} (prf,trans) - u (sb=3p) 

 ያከብራሌ : y (sb=3sm|3p) - {kbr+a1e23} (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, 

ሰጠ: {sT*+1e2_e} (prf) - e (sb=3sm) 

In the above example, „e‟ is found at subject place (sb=3sm) of the word ሰጠ. If suffix „e‟ is 

found on subject place of the word like the above example it refers to the personal pronoun „እሱ 

(He)‟. As a result, personal pronoun or anaphor hidden inside the verb ሰጠ is „እሱ (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. Identification 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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[( ' መስተዲዴሩ ' , ' N ' ) , ( ' ከፍተኛ ADJ ውጤት N ' , ' NP ' ) , ( ' ሊስመዘገቡ ' , ' VPREP ' ) , ( ' 

ተማሪዎች ' , ' N ' ) , ( ' ሽሌማት N ሰጠ V ' , ' VP ' )] 

In the example above, መስተዲዴሩ, ውጤት, ተማሪዎች and ሽሌማት are nouns and head nouns of noun 

phrases identified. As a result, they are candidate antecedents for the anaphor hidden inside the 

verb „ሰጠ‟. 

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 

Amharic. 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: ሰጠ 

POS: verb, root: <sT*>, citation: ሰጠ 

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 ሰጠ 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, 

ሰጠ: {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: ሰራተኞቹ 

POS: noun, stem: ሰራተኛ 

Grammar: plural, definite 

As it is shown above, the noun ሰራተኞቹ 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 Amharic, we 

have discussed values of preference rules used in other languages.  

In English language, if the antecedent is definite then 0 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 
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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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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.  ሰብሇ  እኔ  ዩኒቨርስቲ  እስከመጣሁበት  ሰዓት ዴረስ አጫወተችን 

In the above sentence the verb is አጫወተችን. For this verb, Hormorpho gives the following 

morphemes. 

         አጫወተችን: {Cwt+a1a2_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 „እሷ„. 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. 

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. 
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2. የትምህርት ሚኒስቴር ሇኤችአይቪኤዴስ መከሊከያ 10ነጥብ8ሚሉየን ብር መዯበ 

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

are given as follows:  

መዯበ: {mdb+1e2_e3} (prf) - e (sb=3sm).  

The morpheme found in subject place for this verb is „e‟ which is the suffix attached to the root 

word. This suffix refers to the personal pronoun „እሱ„. It is second person singular and having 

male gender. 

3. የእሱ በጎች ምሳ እንዯበለ ጠፉ   

In the above sentence the verb is ጠፉ.  The morphemes of this verb that Hornmorpho generate 

are given as follows:  

ጠፉ: {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 

‟እነሱ‟. It is second person plural. 

 

4. እኛ አስተማሪው የሰጠንን የቤት ስራ ክፍሌ ውስጥ ሰራን 

In the above sentence the verb is ሰራን.  The morphemes of this verb that Hornmorpho generate 

are given as follows:  

ሰራን፡ {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 „sr‟ which is found in the subject place of suffix order. This suffix refers to the 

personal pronoun „እኛ‟. 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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Fig 4.6 Resolution of hidden Amharic anaphor‟s algorithm 

 

5. ሰብሇ እኔ ዩኒቨርስቲ እስከመጣሁበት ሰዓት ዴረስ አጫወተችን 

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

generate are given as follows:  

1. Identify verbs found on sentences and decompose into possible morphemes  

2. Identify suffixes attached to the root word 

3. Identify the suffix at the subject place of suffixation order 

4. Compare suffixes identified with the predefined suffixes 

5. Based on suffixes, identify hidden anaphors 

6. Identify antecedents preceding anaphors within the defined scope 

7. Apply constraint rules 

8. 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 
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እስከመጣሁበት: 'ske (prep1)-(rel)-{mT'+1e2_a} (prf)-hu (sb=1s)-b_(prep2)-et (ob=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 „እኔ‟. 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. መስተዲዴሩ ከፍተኛ ውጤት ሊስመዘገቡ ተማሪዎች ሽሌማት ሰጠ 

In the example above, the verb is ሰጠ where personal pronoun „እሱ‟ is hidden in. መስተዲዴሩ, 

ውጤት, ተማሪዎች and ሽሌማት are nouns and head nouns of noun phrases identified. Gender, number 

and person information of the verb ሰጠ 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 መስተዲዴሩ is male, singular and third person, ውጤት is male, 

singular and third person, ተማሪዎች is plural and third person and ሽሌማት is male, singular and third 

person. From the four set of candidate antecedents the noun ተማሪዎች 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 መስተዲዴሩ 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, ውጤት is assigned 0, ሽሌማት is assigned +0.89. 

From the three candidate antecedents, the candidate having largest value is መስተዲዴሩ. As a result, 

it is selected as the antecedent being referred by the personal pronoun „እሱ‟ hidden inside verb 

ሰጠ. 

2. የእሱ በጎች ምሳ እንዯበለ ጠፉ 

In the above example, the verb is ጠፉ where personal pronoun „እነሱ„ is hidden in. በጎች and ምሳ 

are nouns and head nouns of noun phrases identified. Number and person information of the verb 

ጠፉ is plural and third person which is respective information of the hidden personal pronoun. 

Gender, number and person information of noun በጎች is plural and third person, and ምሳ is male, 

singular and third person. From the candidates only በጎች 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 

„እነሱ„ hidden inside verb ጠፉ. 

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, 

 እኔ የክፍሌ ጓዯኛዬ የተኛበትን አሌጋ ከጎረቤት ተዋስኩ  

In the above example ተዋስኩ is verb. Its morphemes are presented as follows: 

ተዋስኩ : {w's+te1a3} (prf,pas) – hu (sb=1s). 

The morpheme „-hu‟ is found in subject place of the verb ተዋስኩ which refers to first person 

singular. 

 ቆንጅት ሰርጓ ስሇዯረሰ ከጓዯኞቿ ጋር ሽርጉዴ አሇች  

In the above example አሇች is verb. Its morphemes are presented as follows: 

አሇች : {al_e} (pres) - c  _ (sb=3sf) 

The morpheme „- c‟ is found in subject place of the verb አሇች which refers to third person 

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

Prep 

Conj 

Rel Neg Subj Root 

Template 

Vocal 

Subj Appl Obj Neg Conj 

 
be 
le 
ke 
?nde 

Ø 
ye 
yem 
?m 

Ø 
al 
ay 
at 
an 
sa 
ba 

Ø 
te 
a 
as 
? 
ti 
yi 
?n 
Ø 
li 
ti 
yi 
?n 
-a 
-as 
-a 
-as 

 
C1C2C3 

 
 
 
10101 
1011 
1101 
 
 
 
ee 
e 
ea 
 

E 
eh 
ex 
o 
a 
ew 
achu 
en 
ku 
k 
x 
e 
ec 
u 
achu 
n 
alehu 
aleh 
alex 
al 
aec 
alu 
alachu 
alen 
Ø 
i 
u 

Ø 
l 
b 

Ø 
N 
h 
x 
w 
t 
at 
achu 
acew 
ln 
wot 

Ø 

m 

Ø 

na 

n 

 

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 በሌቼ እኔ 

-eh Belteh በሌተህ አንተ 

-ex Beltex በሌተሽ አንቺ 

-o Belto በሌቶ እሱ 

-a Belta በሌታ እሷ 

-ew Beltew በሌተው እነሱ 

-achu Beltacu በሌታቹ እናንተ 

-en Belten በሌተን እኛ 

-ku „Safku ፃፍኩ እኔ 

-k „Safk ፃፍክ አንተ 

-x „Safx ፃፍሽ አንቺ 

-e „Safe ፃፈ እሱ 

-ec „Safec ፃፈች እሷ 

-u „Safu ፃፉ እነሱ 

-achu „Safacu ፃፋቹ እናንተ 

-n „Safn ፃፍን እኛ 

-alehu „Sfyalehu ፅፍያሇሁ እኔ 

-aleh t‟Sfaleh ትፅፋሇህ አንተ 

-alex t‟Sfyalex ትፅፍያሇሽ አንቺ 

-al y‟Sfal ይፅፋሌ እሱ 

-aec t‟Sfalec ትፅፋሇች እሷ 

-alu y‟Sfalu ይፅፋለ እነሱ 

-alachu t‟Sfalachu ትፅፋሊቹ እናንተ 

-alen Int‟Sfalen እንፅፋሇን እኛ 

-i gdey(gdeli) ግዯይ አንቺ 

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. እግዚአብሔር የባረካቸው ምዴርን ይወርሳለ :: እርሱ የሚረግማቸው ግን ይጠፋለ :: 

In the above sentence, the independent anaphor is እርሱ (He). እግዚአብሔር and ምዴርን are the 

candidate antecedents. The gender, number and person information of the anaphor እርሱ is third 

person singular masculine, whereas person, number and person information of the candidate 

antecedents እግዚአብሔር and ምዴርን 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 እግዚአብሔር 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 ምዴርን is assigned an 

aggregate value of + 0.89 (definite= 0, subject place= 0, mention frequency=0, recent= + 0.89, 

boost pronoun=0). From the two candidates, the antecedent እግዚአብሔር has higher aggregate 

value than the antecedent ምዴርን. As a result, the antecedent እግዚአብሔር is selected as correct 

antecedent referred by the anaphor እርሱ (He). 
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Fig 4.7 Resolution of independent Amharic anaphor‟s algorithm 

 

 

 

 

 

1. Identify independent Amharic anaphors found in sentences 

2. Identify antecedents preceding the identified anaphors within the defined scope 

3. Apply constraint rules 

4. 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. 
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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 Amharic 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 Amharic 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 Amharic 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 Amharic 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 
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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 

1. ኮሚሽኑ   የ1ነጥብ3ሚሉየን ብር   የፕሮጀክት ስምምነት   ተፈራረመ  

2. አንባቢያን   ዯራሲው   የሳሇውን   ጨካኝ ገጸ-ባህሪ   ተአማኒነት   ተጠራጠሩ 

3. አስቴር   የእህሌ ቤት   ከፈተች   

4. አስቴር   እህቷ   በጣም ስሇወፈረች  ከመጠን በሊይ ተናዯዯች  

As shown in the examples above, personal pronouns hidden inside verbs refer to the nouns at 

subject place. ተፈራረመ (he) refers to ኮሚሽኑ, ተጠራጠሩ (they) refers to አንባቢያን, ከፈተች (she) 

refers to አስቴር, ተናዯዯች (she) refers to አስቴር. For more examples see Appendix A  
 

Personal Pronouns referring nouns which are definite 

1. ዴርጅቶቹ   ከ57ሚሉየን ብር   በሊይ የፕሮጀክቶች ግንባታ   አስጀመሩ    

2. ገበያተኞቹ   እኛ የቆምንበትን   አውሊሊ ሜዲ   ወዴያው ሞለት  

3. ፖሉሱ   ፈታሹ   አዯንዛዥ ዕፅ   ያገኘበትን   ግሇሰብ   ወሰዯ  

4. ወታዯሮቹ   ወዯ ግቢያቸው   ገቡ  

5. መሌእክተኞቹ  ወዯ ንጉሱ ተመሇሱ :: እርሱ ግን ሇምን እንዯተመሇሱ ጠየቃቸው :: 

6. ዮሴፍ ወንዴሞቹን ፍሇጋ ሄዯ :: ወንዴሞቹም ዮሴፍ ወዯ እነርሱ ሲመጣ በሩቅ አዩት :: 

 

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 ዴርጅቶቹ is referred by 

አስጀመሩ(they) , ገበያተኞቹ is referred by ሞለት(they) ,  ፖሉሱ is referred by ወሰዯ(he) ,  ወታዯሮቹ is 

referred by ገቡ(they). ንጉሱ is referred by እርሱ (he), ወንዴሞቹም is referred by እነርሱ (they).  For 

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

1. ካሳ   የገዛው   የትናንቱ በግ   ታረዯ  

2. ክፍሌ   ውስጥ የሚገኙት   ጥቂት ተማሪዎች   አሁን ወጡ 

3. እነዚያ የእናንተ ጌሾዎች   ተቆረጡ  

4. ሚሳይሌ   በሞቃዱሾ ፈንዴቶ  14 ሰዎች   ሞቱ  

5. በዚያ ምሽት በአጋንንት የተያዙ ብዙ ሰዎችን ወዯ ኢየሱስ አመጡ :: እርሱም መናፍስትን በቃለ አስወጣ 

In the examples above, independent personal pronouns and also personal pronouns hidden 

inside verbs refer to nouns which are most recent. ታረዯ (he) refers to በግ, ወጡ (they) refers to 

ተማሪዎች, ተቆረጡ (they) refers to ጌሾዎች, ሞቱ (they) refers to ሰዎች, እርሱም (he) refers to ኢየሱስ. 

For more examples see Appendix C  

 

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

1. ዮሴፍ ወንዴሞቹን ፍሇጋ ሄዯ :: ወንዴሞቹም ዮሴፍ ወዯ እነርሱ ሲመጣ በሩቅ አዩት :: 

2. ኢየሱስ በዮሏንስ ሇመጠመቅ ከገሉሊ  ወዯ ዮርዲኖስ መጣ :: ዮሏንስ ግን እኔ ባንተ መጠመቅ ሲያስፈሌገኝ እንዳት አንተ 

ወዯ እኔ ትመጣሇህ ብል ተከሊከሇ :: 

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. እነርሱ (they) refers to ወንዴሞቹም, እኔ (I) 

refers to ዮሏንስ.  

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. እግዚአብሔር ሆይ ወዯ አንተ ጮኽሁ :: አንተ ግን ዝም አሌኸኝ :: 

2. እኔ ካሳ የገዛውን ትንሽ በግ ትሊንት አየሁት 
3. እኔ የክፍሌ ጓዯኛዬ የተኛበትን አሌጋ ከጎረቤት ተዋስኩ 
4. እኛ ስራ ሰራን 
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5. እሷ አባቷን ትመስሊሇች 

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. አንተ (you) refers to አንተ, አየሁት (personal pronoun hidden is እኔ (I)) refers to እኔ, ተዋስኩ 

(personal pronoun hidden is እኔ (I)) refers to እኔ, ሰራን (personal pronoun hidden is እኛ (we)) refers to እኛ, 

ትመስሊሇች (personal pronoun hidden is እሷ (she)) refers to እሷ. 

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. 

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

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

 [( ' ካሳ ' , ' N ' ) , [ ' በዴንገት ' , ' NPREP ' ], ( ' ወዯ PREP ጎጃም N ' , ' PP ' ) , ( ' ሄዯ ' , ' V ' )] 

 [( ' ፊታውራሪ ADJ አሰጌ N ' , ' NP ' ) , ( ' ሴት ' , ' N ' ) , ( ' በጣም ADJ ይወዲለ V ' , ' VP ' )] 

 [( ' በሇጠ ' , ' N ' ) , ( ' ጭቃ N ሊይ PREP ' , ' PP ' ) , ( ' ወዯቀ ' , ' 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. 

 ተቆረጡ : {qWrT+te1e2_e3}(prf,pas)-u(sb=3p) 

 መጣች : {mT'+1e2_a}(prf)-ec_(sb=3sf) 

 አየሁት : {'y*+a2_e}(prf) -hu(sb=1s)- t(def|ob=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 Amharic texts and their respective converted texts. 
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 „ይጠፋለ‟ is converted as „yTefalu‟ 

 „ተዋስኩ‟ is converted as „tewasku‟ 

 „አጫወተችን‟ 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  

 

         Success rate    Number of correctly resolved anaphors
Number of all anaphors

                                            (5.1) 

                             

     

                        
Number of correctly resolved anaphors

Number of anaphors with more than one antecedent
                     (5.2) 

                                            
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 ናት, አሇው, እያካሄዯ, ነች, ተፈራረመ in the 
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dataset are not known by Hornmorpho while others like እንዱያስጠናት,  ሌትጠይቀው,  ሳይበሊ 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 

information at subject place 

of verbs 

282 89.52 

Verbs having no subject 

information in suffix 

10 3.17 

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 (እሱ) handles it. Unlike English, objects are referred by the personal pronoun „he‟ in 

Amharic. 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. ሽምግላው ጥርሳቸው ስሊሇቀ ብዙ ጥሬ መብሊት አቆሙ 

As it is shown in the example above, personal pronoun hidden inside the verb አቆሙ is 

plural which is extracted as እነሱ (they) by our Amharic AR model. Whereas ሽምግላው 

which should be resolved as correct antecedent is discarded because it is singular.  

In the above example, personal pronoun should have been extracted as እሳቸው (he) 

instead of እነሱ (they). But, Personal pronouns like እርስዎ (you) and እሳቸው (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. ፕሬዝዲንቱ አምስት ሚኒስትሮችን በከፍተኛ ማዕረግ ሾሙ 

As it is shown in the above example, hidden personal pronoun inside the verb ሾሙ is 

identified as እነሱ (they) same to the first example. But, the candidate definite noun 

ፕሬዝዲንቱ 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. አሌቃይዲ በሶማሉያ እንዯገና እንዲይዯራጅ አሜሪካ ቅኝቷን አጠናክራሇች 
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The above sentence is valid sentence. The verb አጠናክራሇች has personal pronoun 

እሷ(she) hidden inside it. አሜሪካ is correct antecedent from existing choices preceding 

the verb and should also be selected as best antecedent by Amharic AR model. But 

Amharic AR model resolution process didn‟t select አሜሪካ 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 አሜሪካ is 3rd person singular masculine. Gender, number and person 

information of the verb አጠናክራሇች is 3rd 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. ካሳ ሇምን እንዲሌመጣ አውቃሇች 

In the above example, there is no antecedent being referred by the anaphor አውቃሇች 

[እሷ (she)]. Personal pronoun hidden inside the verb አውቃሇች is እሷ (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 Amharic personal pronouns whereas the second part is used to identify hidden 

Amharic 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 Amharic 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 Amharic 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 Amharic texts. All noun phrases and nouns in the POS tagged and 

chunked Amharic 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. 

 Amharic 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 Amharic 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. መስተዲዴሩ  ከፍተኛ ውጤት ሊስመዘገቡ ተማሪዎች ሽሌማት ሰጠ 

2. ሰብሇ እኔ ዩኒቨርስቲ  እስከመጣሁበት ሰዓት ዴረስ አጫወተችን 

3. ሇማ በሳሌ መምህር ነው 

4. በሇጠ ወዯ ጎጃም ሄዯ 

5. አስተማሪው ሇተማሪዎቹ መጽሀፍ ሰጣቸው 

6. አሌማዝ በጣም ዯግ ናት 

7. በሇጠ ዛፍ ሊይ ወጣ 

8. አትክሌቱ በዯንብ ሇማ 

9. ካሳ ፈሪ ነው 

10. አበበ ከወንዴሙ ይበሌጥ ሰው ፈሪ ነው 

11. አበራ ወንዴሙ የጋበዘውን ጎበዝ የኮላጅ ተማሪ ተዋወቀ 

12. ቢሮው ፈቃዴ የተሰረዘባቸውን ነጋዳዎች ዝርዝር አወጣ 

13. ሰራተኛዋ ዝናብ ያረጠበውን ሌብስ ቤት ውስጥ አሰጣች 

14. ዘበኛው አሰሪው ስሇፈቀዯሇት የማታ ትምህርት ተመዘገበ 

15. ትናንት የተገዛው ትሌቅ የሀረር ሰንጋ ከመኪና እንዯወረዯ  ጠፋ 

16. ሰውየው እንዯሄዯ ነገሩን 

17. ካሳ ትናንት በጎች ገዛ 

18. ትናንት የመጣው ሌጅ በባንክ ሇአስቴር ገንዘብ  ሌኮሊታሌ 

19. የእሱ በጎች ምሳ እንዯበለ  ጠፉ 

20. አስቴር ጎጃም ሄዯች 

21. ፕሬዚዲንቱ  አዯጋው  ህዝብ እንዲሳዘነ ገሇጹ 

22. ትምህርትቤቶች አገሌግልት መስጠት ጀመሩ 

23. ፋብሪካው  85ነጥብ7ሚሉየን ብር የተጣራ ትርፍ አገኘ 

24. በሇጠ ትንሽ ቤት አሇው 

25. በሇጠ ጭቃ ሊይ ወዯቀ 

26. አስተማሪው ሇተማሪዎቹ ሰጣቸው 

27. ካሳ ቤት ውስጥ ነበር 

28. ሰውየው በጣም ረጅም ነው 

29. ሇማ እንዯ አባቱ ክፉኛ ታመመ 
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30. ፊታውራሪ አሰጌ ሴት በጣም ይወዲለ 

31. አበበ ሰው ፈሪ ነው 

32. ሌጅቷ ትሌቅ ወንዴሟ እንዱያስጠናት ክፍሌ ውስጥ ነገረችው 

33. አስቴር እህቷ በጣም ስሇወፈረች ከመጠን በሊይ ተናዯዯች 

34. ወሌዳ ካሳ የያዘውን አዱስ ቦርሳ አዯነቀ 

35. ሽምግላው ጥርሳቸው ስሊሇቀ ብዙ ጥሬ መብሊት አቆሙ 

36. ቶልሳ አባቱ ጠንክሮ እንዲስተማረው ሇአዱሷ ፍቅረኛው ነገራት 

37. ዴርጅቱ በ33ነጥብ5ሚሉየን ብር የመንገዴ ግንባታዎችን እያካሄዯ ነው 

38. ካሳ አስቴርን ገረፋት 

39. ካሳ በዴንገት ወዯ ጎጃም ሄዯ 

40. አሌማዝ ከአስቴር የበሇጠች ቆንጆ ነች 

41. ካሳ እዚህ ቤት ውስጥ ይኖራሌ 

42. ካሳ ቁርሱን ሳይበሊ ወዯ ትምህርትቤት ሄዯ 

43. ኦህዳዴ ከጉባኤው  ተጠናክሮ ወጥቷሌ 

44. ኢትዮጵያውያን የጋራ መዴረክ  መሰረቱ 

45. እንግሉዝ በኤርትራ የሚፈጸመውን እስራት ተቃወመች 

46. ተዘዋዋሪ ችልቱ 550 እስረኞች እንዱፈቱ በየነ 

47. ኮኮቦች በንጋት በጣም ያበራለ 

48. ሰውየው ቤት ዴረስ ሸኘን 

49. ካሳ ሰው እጅግ ያከብራሌ 

50. ካሳ ትንሽ መጽሀፍ ሰጠ 

51. ሄሮዴስ ጠቢባኑን አስጠርቶ ኮከቡ የታየበትን ትክክሇኛ ጊዜ ተረዲ :: እኔም እንዴሰግዴሇት የት እንዲሇ ንገሩኝ 

አሊቸው :: 

52. ኢየሱስ በዮሏንስ ሇመጠመቅ ከገሉሊ ወዯ ዮርዲሮስ መጣ:: ዮሏንስ ግን እኔ ባንተ መጠመቅ ሲያስፈሌገኝ እንዳት  

አንተ ወዯ እኔ ትመጣሇህ ብል ተከሊከሇ:: 

53. ኢየሱስ አሥራሁሇቱን ዯቀመዛሙርት ወዯ እርሱ ጠርቶ ርኩሳን መናፍስትን እንዱያወጡ ዯዌንና ሕማምን ሁለ  

እንዱፈውሱ ሥሌጣንን ሰጣቸው:: 

54. ሕዝቡም በሙለ ዯሙ በእኛና በሌጆቻችን ሊይ ይሁን ብሇው መሇሱ:: 

55. መሌአኩም ሴቶቹን እንዱህ አሊቸው አትፍሩ የተሰቀሇውን ኢየሱስን እንዯምትፈሌጉ አውቃሇሁና:: እርሱ በዚህ 

የሇም:: 

56. እግዚአብሔር ቸር  መሆኑን ቀምሳችሁ እዩ:: እርሱን መጠጊያ የሚያዯርግ ምንኛ ቡሩክ ነው:: 
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57. እግዚአብሔር ጥበብን ይሰጣሌና:: እርሱ ሇቅኖች ዴሌን ያከማቻሌ:: 

58. የእግዚአብሔር ቃሌ እንከን የሇበትም:: እርሱ ሇሚታመኑበት ጋሻቸው ነው:: 

59. እግዚአብሔር የሚንገዲገደትን ሁለ ይዯግፋሌ:: የሁለ ዏይን እርሱን በተስፋ ይጠብቃሌ:: 

60. እግዚአብሔር  መሓሪና ይቅር ባይ ነው:: እርሱ ሁሌጊዜ በዯሌን አይከታተሌም :: 
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Appendix B: sample independent & hidden personal pronouns referring 

nouns which are definite 

1. መስተዲዴሩ ከፍተኛ ውጤት ሊስመዘገቡ ተማሪዎች ሽሌማት ሰጠ 

2. አስተማሪው  ሇተማሪዎቹ መጽሀፍ ሰጣቸው  

3. አትክሌቱ  በዯንብ ሇማ 

4. ቢሮው ፈቃዴ የተሰረዘባቸውን ነጋዳዎች ዝርዝር አወጣ 

5. ሰራተኛዋ ዝናብ ያረጠበውን ሌብስ ቤት ውስጥ አሰጣች 

6. ዘበኛው አሰሪው ስሇፈቀዯሇት የማታ ትምህርት ተመዘገበ 

7. ፕሬዚዲንቱ አዯጋው ህዝብ እንዲሳዘነ ገሇጹ 

8. ፋብሪካው  85ነጥብ7ሚሉየን ብር የተጣራ ትርፍ አገኘ 

9. ሌጅቷ ትሌቅ ወንዴሟ እንዱያስጠናት ክፍሌ ውስጥ ነገረችው 

10. ሽምግላው ጥርሳቸው ስሊሇቀ ብዙ ጥሬ መብሊት አቆሙ  

11. ዴርጅቱ  በ33ነጥብ5ሚሉየን ብር የመንገዴ ግንባታዎችን እያካሄዯ  ነው  

12. ተዘዋዋሪ ችልቱ  550 እስረኞች እንዱፈቱ በየነ 

13. እንስሶቹ እንዯ አሳ ይዋኛለ 

14. ነጋዳው  ትንሽ የዯብረብርሀን በግ ገዛ 

15. አዛዡ ወታዯሮቹ ወዯ ግቢያቸው እንዯገቡ በምስጋን ተቀበሎቸው  

16. ወፎቹ በቀሇ ያፈሰሰውን ስንዳ በችኮሊ ሇቀሙ 

17. አሮጊቷ ላቦች አምና የገዯለትን ብቸኛ ሌጃቸውን አስታወሱ 

18. ገበያተኞቹ እኛ የቆምንበትን አውሊሊ ሜዲ ወዴያው ሞለት 

19. ሉቀመንበሩ የህዝብ ገንዘብ ሰረቀ 

20. አባትየው  ሌጁ አንዯኛ ስሇወጣ የወርቅ ሰዓት ሸሇመው  

21. ሌማትፈንደ 16ሚሉየን ነዋሪዎችን ተጠቃሚ ማዴረጉን ገሇጸ 

22. ጋዜጠኞው ንጉሱ በአሜሪካ የተዯረገሊቸውን አቀባበሌ በዯንብ ዘገቡ 

23. ዱስትሪክቱ በ36ሚሉየን ብር የመንገዴ ጥገና አከናውኗሌ 

24. ቦርሳው ብዙ እቃ በውስጡ ስሇያዘ በጣም ከበዯን 

25. የጤና ተቋማቱ ግንባታ ከ10 ወራት በኋሊ ሲጠናቀቅ 65ሽህ ሇሚጠጉ ነዋሪዎች አገሌግልት ሇመስጠት 
እንዯሚያስችለም ተወካዩ አስታውቀዋሌ ። 

26. የአሇም አቀፉ የፓርሊማ ህብረት የኢትዮጵያ ፓርሊማ የአዲዴስ ቴክኖልጂዎች ተጠቃሚ እንዴሆን ሇማስቻሌ ከአፈ 
ጉባኤ አምባሳዯር ተሾመ ጋር ውይይት መጀመራቸውን ፕሬዚዲንቱ አስረዴተዋሌ ። 
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27. የዘርፉን ስፖርት ሇማስፋፋትና ሇማሳዯግ እንዴሁም የበሇጠ ውጤታማ ሇመሆን ሁለም አካሊት እጅ ሇእጅ 
ተያይዘው መስራት እንዯሚገባቸውም ፕሬዚዲንቱ አስገንዝበዋሌ ። 

28. ዴርጅቱ በመሊው አገሪቱ የስርጭት አዴማሱን ሇማስፋፋት አቅዶሌ ። 

29. ዴርጅቱ ዛሬ ሇኢትዮጵያ ዜና አገሌግልት እንዲስታወቀው በየእሇቱ ሇ12 ሰአታት የነበረውን የቴላቪዥን ስርጭት 

ወዯ 15 ሰአት ከፍ እንዴሌ አዴርጓሌ ። 

30. ዴርጅቱ የአጭር ጊዜ የቴላቪዥን የአየር ሰአት ዴሌዴሌ አዯረገ  

31. መሌአኩም ሴቶቹን እንዱህ አሊቸው  አትፍሩ የተሰቀሇውን ኢየሱስን እንዯምትፈሌጉ አውቃሇሁና:: እርሱ በዚህ 

የሇም:: 

32. ፕሊጦስ ሁኔታው ሽብር ከማስነሳት በስተቀር ምንም ፋይዲ የላሇው መሆኑን ተመሌክቶ እኔ ከዚህ ሰው ዯም ንጹሕ 

ነኝ በማሇት ውሃ አስመጥቶ በሕዝቡ ፊት እጆቹን ታጠበ:: ሕዝቡም በሙለ ዯሙ በእኛና በሌጆቻችን ሊይ ይሁን 
ብሇው መሇሱ 

33. ወንዴሞቹም አባታቸው ከእነርሱ አብሌጦ የሚወዯው መሆኑን ሲያዩ ዮሴፍን ጠለት 

34. ሴቲቱም የዛፉ ፍሬ ሇመብሌ መሌካም እንዯሆነ ባየች ጊዜ ከፍሬው ወስዲ በሊች:: ከእርሷም ጋር ሇነበረው ሇባሎ 
ሰጠችው እርሱም በሊ  
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Appendix C: sample independent & hidden personal pronouns referring 

nouns which are recent 

 

1. የጋምቤሊ ብሄራዊ ፖርክን ሇማሻሻሌ 110ሺ ብር ተመዯበ 

2. እነዚያ ጌሾዎች ተቆረጡ  

3. ከአስቴር የበሇጠች ቆንጆ ሌጅ ከጎጃም መጣች 

4. ሁሇት ጣሳ የገብስ ጠሊ ከገበያ ተገዛ 

5. አሌቃይዲ በሶማሉያ እንዯገና እንዲይዯራጅ አሜሪካ ቅኝቷን አጠናክራሇች  

6. በዯንቆሮ ዯን የቀይ ቀበሮ ቁጥር እየጨመረ  ነው 

7. ሁሇት ሉትር ንጹህ የማር ጠጅ  ተሸጠ 

8. አሮጌ ሚሳይሌ በሞቃዱሾ ፈንዴቶ 14 ሰዎች ሞቱ 

9. የጎንዯር ከተማ ዘሊቂ የመጠጥ ውሃ ፕሮጀክት ዛሬ ተመረቀ 

10. ሚሳይሌ በሞቃዱሾ ፈንዴቶ 14 ሰዎች ሞቱ 

11. ካሳ በግ ያረዯበነት ቢሊዋ በጣም ስሇዛገ ተጣሇ 

12. የሀገሪቱ ባሇስሌጣናት የሀዘን መግሇጫ መሌእክት ቀጥሎሌ 

13. ካሳ የገዛው በግ ትናንት ጠፋ 

14. የሀገሪቱ ባሇስሌጣናት መግሇጫ መሌእክት ቀጥሎሌ 

15. የኢሃዳግ 4ኛ ጉባኤ ተከፈተ 

16. በአውሮፓ ሀብረት የኤርትራ አምባሳዯር ከሃሊፊነት ሉሇቁ ነው 

17. ካሳ የተከሊቸው ትሌሌቅ ሁሇት እግር ጌሾዎች ተቆረጡ 

18. በቡግና ወረዲ በርካታ የቱሪስት መስህቦች አለ 

19. ክፍሌ ውስጥ የሚገኙት ጥቂት ተማሪዎች አሁን ወጡ  

20. የካሳ የወተት ሊሞች በጣም ታመሙ  

21. በቦረና የኦህዳዴ ተሃዴሶ ውይይት ተጀመረ 

22. ካሳ የገዛው የትናንቱ በግ ታረዯ 

23. ካሳ የገዛው የሱፍ ኮት በጣም ያምራሌ 

24. ያዕቆብም ምግቡን ሇአባቱ አቀረበሇት:: እርሱም በሊ:: 

25. የሰው መንገዴ በእግዚአብሔር  ፊት ግሌጥ ነውና:: እርሱ መሄጃውን ሁለ ይመረምራሌ:: 

26. በፍጹም ሌብህ በእግዚአብሔር ታመን:: በመንገዴህ ሁለ እርሱን ዕወቅ:: 

27. ምዴር ሆይ በጌታ ፊት ተንቀጥቀጪ :: እርሱ ዏሇቱን ወዯ ኩሬ ሇወጠ:: 
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28. ኢትዮጵያ የዘንዴሮውን የምስራቅ አፍሪካ አገር አቋራጭ ሻምፒዮና የፊታችን እሁዴ እንዯምታስተናግዴ ፌዯሬሽኑ 

ገሇፀ ። 

29. በተከሳሹ የባህሊዊ ህክምና ፍቃዴ ወረቀት ሊይ የራሱ ፎቶ ግራፍ ቢኖርም መታወቂያው የላሊ ሰው ስም ሆኖ 
በመገኘቱ ቅጣቱ ሉከብዴ መቻለን ዲኛዋ አስረዴተዋሌ ። 

30. ሚስተር ኦሌመርትን ይተኳቸዋሌ ተብሇው የሚጠበቁት የውጭ ጉዲይ ሚኒስትሯ ትስፒ ላቭኒ መሆናቸውን ቢቢሲ 

ዘግቧሌ ። 
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Appendix D: sample hidden personal pronouns referring personal pronouns 

1. እኔ ካሳ የገዛውን ትንሽ በግ ትሊንት አየሁት 

2. እኔ ሌብስ ሇበኩ 

3. እኔ የክፍሌ ጓዯኛዬ የተኛበትን አሌጋ ከጎረቤት ተዋስኩ  

4. እኛ ስራ ሰራን 

5. እኔ ሌብሴ  ዛሬ  ስሇታጠበ አሮጌ ሌብስ ሇበኩ 

6. እኔ አሌጋ ተዋስኩ 

7. እኔ በግ አየሁ 

8. እሷ ጎበዝ ተማሪ ትሆናሇች 

9. እሷ እሱን ሰዯበችው 

10. እሱ አባቱን ይመስሊሌ 

11. እኛ አስተማሪው የሰጠንን የቤት ስራ ክፍሌ ውስጥ ሰራን 

12. እነርሱም  እርሱ ወዯ እነርሱ  ሲመጣ በሩቅ አዩት:: 
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Appendix E: sample independent & hidden personal pronouns referring 

nouns mentioned most 

1. ×s@F wNDäc$N FlU ÿdÝÝ wNDäc$M ×s@F wd XnRs# s!mÈ b„Q x†T ÝÝ 

2. x!ys#S b×/NS lm-mQ kgl!§ wd ×RÄñS mÈÝÝ ×/NS GN Xn@ ÆNt m-

mQ s!ÃSfLg" XNÁT xNt wd Xn@ TmÈlH BlÖ tk§kl ÝÝ 
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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. 

 


	Coverpage & Acknowledgement
	Design of Amharic AR Final
	zAbstract

