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ABSTRACT 

Parsing is important in Natural Language Processing. A parser allows a 

collection of Sentences to be analyzed in terms of its well- formedness 

according to a pre-defined grammar. A parser can be applied in Machine 

translation, spelling correction, grammar checking, summary, speech 

processing, question-answering systems. This paper presents a rule­

based parser for Amharic sentence disambiguation. 

The parser analyzes structurally ambiguous sentences with a rule base 

method. Using an active chart, the parser first generates all possible 

parses of a sentence according to given grammar rules. It employees 

depth-first search strategy in invoking rules and bottom up parsing 

strategy in constructing parses. In order to resolve structurally 

ambiguous sentences, the parser incorporates a dictionary that 

containing the headwords of noun phrases and verb phrases and their 

categories that is used to uniquely identif'y the groups of headwords. 

Structural rules are also provided for each category of the headwords in 

the dictionary. 

The performance of the parser is measured with accuracy, which is 

evaluated by comparing the automatically parsed sentences against the 

hand-parsed sentences in the test set. The result shows that 86% of the 

sentences are parsed correctly. The result achieved is very encouraging. 

Given the small sample size available for rules induction, the parser can 

be improved by evaluating it on a large collection of Amharic sentences in 

future . 
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Abbreviations and symbols used 

Symbols 

( I What is inside is optional except those used to indicate cite 
(source) of documents used 

\ To separate words from their tags 

Abbreviations 

ADJ adjective 

ADV adverb 

AUX Auxiliary verbs 

CC Coordinate conjunction 

CN Concrete Noun 

CNo Cardina l Number 

COMP Complement 

CON Compound Noun 

CV Complementized verbs 

GNP Genitive noun phrase 

IJ Interjections 

IN Joined Noun 

MADJP Main adjective phrase 

MADVP Main adverb phrase 

MNP Main noun phrase 

MPP Main prepositional phrase 

MVP Main Verb Phrase 

NADV Noun as an adverb 

NL Natural Language 

NLP Natu ral Language Processing 

NLU Natural Language Understanding 

NP Noun phrase 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background 

Although parsers have proved effective in the domain of programming 

languages, they suffer from inherent ambiguity in natural Languages 

processing (NLP). In analyzing ambiguous sentences, which are subject 

to two or more interpretations, humans intuitively employ various 

disambiguation heuristics to select the most likely one. In order for an 

NLP system to be useful, it should assign the same interpretation to a 

given sentence as a native speaker would, for that is exactly what a user 

would expect. For example, the sentence, "Time flies like an arrow" is 

structurally ambiguous. It can be interpreted in many ways including 

'Does time fly as an arrow does?', 'Do you time flies as you would time an 

arrow?', 'Do time flies like arrows just a~. fruit flies like plums?', and so 

on. Native speakers of English show consistent preferences in parsing the 

above sentence. First, they saw "time as an arrow does", which means 

that their mental parser read "time" as a noun phrase and expected a 

verb to follow. The second meaning is less probable, for one has to parse 

"time" as a verb of imperative sentence. It is because "time" is most 

commonly used as a noun and less often as a verb, and least likely as an 

adjective describing a kind of fly, Kimball (1973) ; Frazier and Fodor 

(1978). A user would naturally expect an NLP system to reflect the above 
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preferences. Thus, such systems must model the linguistic p erformance 

as well as the linguistic competence of the native speaker in some way. 

The computational "understanding" of a na tural language can be thought 

of as a sequence of operations. The third operation (morphological 

analysis, POS tagging, parsing) corresponds to parsing, which is a 

procedure that takes a lexical from a tagger as input, more generally a 

fragment natural language, and outputs an explicit, unambiguous , 

structured representation of the sentence (Samad, 1986). However, it is 

often difficult to come up with su ch an efficient parser due to the 

prevalence of ambiguity in natural languages. 

In fact, ambiguity is a major challenge for NLP systems. If the ambiguity 

is nol resolved during parsing, it would reduce the effectiveness of the 

parser. Moreover, ambiguity may lead to misunderstanding, wrong 

interpretation and translation. To handle structurally ambiguous word 

sequences, it requires a parser to choose between two or more alternative 

structures via grammatical analysis. 

1.2. Statement of the Problem And Its Justification 

Amharic is the dominant language in Ethiopia. It has been extensively 

research ed from a linguistic perspective, Analysis of Ambiguity in 

Amharic, Getahun Amare (2001); the syntax of functional category, 

Girma Halafom (1994); Amharic verb mor phology, Bender, L. and Hailu 
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Fullas (1978); word formation, Girmaye Berhane (1992); Morphemic 

component of the conjugation forms of Amharic, Habtemariam Marcos 

(1994), and others. However, few attempts have been made with regard 

to investigating Amharic from an NLP point of view. It is only recently 

that Amharic language a ttracts the attention of NLP research community. 

Only limited studies have been conducted on Amharic language. They 

include, for instance, word stemming, Nega and Willett (2002); word 

parser that split different affIxes and stem of a word Abiyot (2000); part­

of-speech (PaS) Tagging Mesfm (2001); morphological analyzer Tesfaye 

(2002); morphological synth esizer Kibur (2002); and sentence parser 

Atelach (2002) & Daniel (2003). 

Amharic software currently available on the market suffers from lack of 

word processing facilities that provide deep analysis of the language. 

None of the software has language-specifIc support such as grammar 

checking, text retrieval, and spelling checker. The absence of these 

fa cilities makes it diffIcult to retrieve words from a text or to browse a 

text, letting alone automatically identify language structures to support 

intelligent applications such as machine translation and question and 

answer system. 

Transla ting manually Amharic documents such as text books in to 

different local languages has been taking a lot of time to the extent of 

being bottle neck to the teaching learning process during the 
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introduction of the new educational policy. Still it is problem to translate 

Amharic legal documents into different regional state official languages 

(personal observation of experts at Ministry of Education and Ministry of 

Justice). 

In addition to this, it is also important to make research on parser as one 

area of research. 

,/ 

• The thesis aims to develop an Amharic parser. Among all the NLP tasks 

such as morphological analysis and tagging, syntactic parsing deserves 

special attention, for understanding the structure of a sentence is crucial 

to interpreting its meaning. Natural language parsing is not a new topic. 

A variety of techniques have been developed for various languages to 

date. To the best of my knowledge, however, there are only two 

researches on Amharic reported in the extant literature Atelach (2002) 

Daniel (2003). Both of them tried to resolve structural ambiguity using 

statistical methods. The researchers are convinced a rule-based parser 

could be one of the accurate syntactic parser because it efficiently models 

the linguistic feature of a language. 

/ The purpose of this thesis is to address problems related to structural 

ambiguity in Amharic sentences and develop a parser for automatic 

structural disambiguation. 
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1.3. Objectives Of The Study 

The followings are identified as general and specific objectives of the 

study. 

1.3.1.GeneraIObjective 

The general objective of the study is to investigate and develop a rule-

based parser that can effectively resolve structural ambiguities of 

Amharic sentences. 

1.3.2.Specific Objectives 

The specific objectives of the s tudy include: 

• Study the types and nature of Amharic sentence ambiguity and 

review various parsing techniques suggested for automatic 

disambiguation. 

• Collect relevant and representative Amharic sentences and parse 

them manually to create training and test data sets. 

~ 
'. Select a rule-based approach for parsing Amharic sentences. 

• Develop a prototype Amharic parser for structural disambiguation 

• Suggest directions for future study based on the evaluation results 

of the parser. 
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1.4. Methods 

The following methods will be employed in conducting the proposed 

study. 

1.4.1.Adapted Parsing Technique 

Although there has been dramatic shift in computational linguistics from 

manually constructing grammars and knowledgebase to partially or 

totally automatin g the process by using statistical learning methods, this 

research adopts rule-based method. It is mainly due to the accuracy of 

the rule method than statistical method and also lack of large annotated 

corpora in Amharic, upon which the statistical method is highly 

dependent. In addition, there are some problems associated with the 

statistical method, which will be described in chapter five. 

Prototyping approach will be applied in developing the parser due to time 

and others resource limitation. The parser is designed to reflect 

preferences among, structurally distinct parses of ambiguous sentences . 

In this approach a dictionary is build that provide knowledge about how 

best complements and modifiers of headwords of noun phrase and verb 

phrase can structurally be organized. 

Visual C++ 6 .0 and Visual Basic 6.0 are used to develop interfaces and 

the parser and MS-Access is used to develop morphological analyzer 

(stemmer database). The above programming languages are selected 
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because visual C++ has good string manipulation features and Visual 

basic has strong built in function to access database, and both are a lso 

user-friendly than the rest (Pascal, Perl, etc.) languages. 

An active chart parsing method is selected to organize the passive arcs. 

Passive arcs are arcs, which are completely traversed according to the 

grammar rule. Generally, it is preferred for the following reasons: 

l. It is poss ible to represent sentential ambiguity (i .e . sentences 

with more than one possible interpretation or syntactic 

structure). 

2. It eliminates redundancy in the sub-structures generated 

. during a parse by allowing sub-structures to be shared by 

subsuming structures. 

3. It eliminates the duplication of effort in generating sub­

structures which may be shared by more than one 

subsuming structure more than once, by storing completed 

sub structures independently of the substructure(s) which 

subsume(s) them, so that they may be shared as described in 

the above point; 

A bottom-up rather than a top-down parsing strategy is adopted as it 

avoids left recursion problem. Depth-first search strategy is also 

preferred over the breadth-first search strategy, because it requires very 

modest memory space. 
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1.4.2.Literature and Data Collection Techniques 

Parsing and searching state-of-the a rt techniques are reviewed to help 

select a parsing method. To better understand the features of sentence 

ambiguity in Amharic, both secondary and primary information sources 

are used. In addition, linguists in Amharic language provide consulting 

in analyzing the Amharic text. 

Four hundred (400) sentences were collected to develop the 

disambiguation parser. Among them, 50 sentences were structurally 

ambiguous. The sentences were randomly selected from different books 

and ne..Jspapers, which also involved some judgment of the researchers. 

The sample sentences were firs t, manually analyzed, tagged, and parsed. 

The sentences were then passed to the linguistic advisor to receive 

feedback on the correctness of the manual parse. 

1.5. Benefits and Application of the Disambiguation 

Parser 

In Ethiopia more than 80 languages are spoken (Bender, 1976). Among 

them, Amharic is the official language of the Federal Government and five 

other Regional States. According to a census by ECSA1, it is the first 

language for more than 17 million and second language for over five 

million people (Ethiopian Central Statistical Authority, 1998). Research 

I ECSA s tands for Ethiopian Central Statistical Authority of the Federal Democratic 

Repu blic of Ethiopia 
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work in Amharic language processing and understanding is still in its 

infancy. Developing an automatic disambiguation parser based on 

Amharic linguistic grammar will help to improve Amharic software 

currently available on the market. 

A parser that can resolve ambiguities in Amharic sentences has both 

theoretical and practical implications. In theory, it extends the scope of 

pars ing to Amharic language, meaning some theoretical framework of 

automa tic parsing will be provided to Amharic language. In practice, it is 

important to many NLP applications. Thus, the beneficiaries of this 

study include researchers who are, or want to be, involved in increasing 

the capability of compu ter processing of Amharic . In general the following 

are few applications of the study: 

• Machine translation: It could be possible to translate Amharic 

texts to different regional states languages and local languages. 

• Spelling correction, grammar checking: It could be possible 

to provide spelling correction, and grammar checking facility to 

Amharic language with the help of morphological analysis 

component of the parser. 

• Better search engines: It is possible to provide an intelligent 

search engine the retrieve Amharic texts by analyzing the 

meaning of texts and queries. 

• Information extraction and summary: An intelligent system 

that models effectively the linguistic feature of Amharic can 

extract particular information from a give text a nd also 

summarize a text into few lines. 
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• Speech processing: In human computer interaction the system 

is expected to understand the speech made by the user. In order 

to understand the speech the system parses the sentence into 

its constituents. 

• Question-answering systems: It is a system that answer for 

certain question presented to it based on specific domain in a 

text. 

1.6. Scope of the Research 

Among the various sources of ambiguity in Amharic such as lexical and 

semantic, the thesis focuses on the problems associated with structural 

ambiguity only. Both simple and complex sentences are considered in 

this research. However, the structure of the sentences is limited to the 

surface structure and doesn't take into account the deep structure (more 

complex). Amharic sentences can be classified into four types: 

declarative, interrogative, negative and imperative sentences (Baye, 

1986). In this study we only examine the declarative sentences due to 

time and other resource limitation. In addition, the morphological 

analyzer does not contain all possible grammatical features of constituent 

affixes (e .g., subject markers, direct object markers, gender markers, 

tense markers). 

1. 7. Organization of the thesis 

The thesis is organized into six chapters. The first chapter introduces the 

target problems and their potential solutions. In particular, it states the 
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problem and introduces the objectives of the study. Chapter two 

summarizes relevant literature on NLP and especially syntactic analysis. 

Different approaches and strategies for developing sentence parser and 

issues related to different methods to resolve structural ambiguities were 

also discussed. The third chapter describes the Amharic grammar, 

including various word classes, phrase categories, and complex sentence 

formalisms in the language. It a lso summarizes structural ambiguity 

pertaining to the language. Chapter four describes data preparation and 

the development of a morphological analyzer and a parts of speech 

tagger. It also explains how they are incorporated into the design of the 

parser. The algorithm for rule based structural disambiguation, the rule 

development, the experiment and the results are discussed in chapter 

five. Finally, conclusion and suggestions on future direction based on the 

findings of the study are presented in chapter six. 
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CHAPTER TWO 

AUTOMATIC DISAMBIGUATION PARSER 

As the main objective of constructing a parser is to understand the 

meaning of a sentence, the first section focuses on introducing sentence 

meaning and composition, and associated syntactic structural ambiguity. 

The classification of grammars and specific formalisms for linguistic 

grammars are presented in section 2.2 and section 2 .3 respectively. 

Parsing methods and search strategies are described in section 2.4. 

Approaches to structural disambiguation are discussed in section 2 .5. 

2.1. Sentence Meaning and Composition 

Meanings of words and sentences differ in one important aspect. Because 

meaning of words is known and learned, we can store words and their 

meanings. Stored meanings therefore are called lexical meanings 

(Formkin & Rodman, 1983). There is no need to store all the words, as 

the system can understand the meaning of some words from the stored 

lexicon by using lexical composition. For example, from "believe" in the 

stored lexicon the following words could be derived: believed, unbelieved, 

unbelievable, unbelievably. Complex expressions whose meanings are not 

stored in the lexicon are considered to have compositional meaning 

(LObner, 2002). 

A sentence comprises two types of meanings: lexical and structural 

meaning (Formkin & Rodman, 1983). 



2. 1. l.Lexical and Grammatical Meaning 

The sentence: 

(1) "The dog a te the yellow socks ." 

The examination of words in the above sentence including the, dog, eat, 

yellow and sock reveals that there are no larger units than lexical 

meaning. Thus, the interpretation of the sentence is the composition of 

lexical meanings. Nonetheless , we s till observe that words occur in 

specific grammatical forms . The verb form ate is in past tense, the noun 

socks is in plural form , the adjective yellow is in its basic form, called 

'positive'. The forms of the words matter directly to their meanings, and 

consequently to the meaning of the entire sen ten ce. For example , the 

s ingular noun dog had a different meaning from the plural noun dogs; 

the meaning of present tense eat(s) is not the same as that of past tense 

ate. It is common practice that only one meaning of a word is stored in 

our lexicon , reasonably the s ingular meaning of nouns, a tenseless 

meaning of verbs and the 'positive' meaning of adjectives. Therefore, the 

meanings of the words in their given form must be derived from their 

lexical meanings by rules. These rules are part of the apparatus for 

composition (LObner, 2002). The grammatical form itself, e .g. s ingular, 

plural, pos itive, compara tive, simple past tense, progressive past tense, 

etc. has a meaning. Such meanings are called grammatical meaning 

(William & Michael. 1996). 
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2.1.2.Structural Meaning and Combination Rules 

This lexical meaning of a sentence is revealed by the particular 

morphemes of which it is composed, but sentence meaning is more than 

the sum of the meaning of morphemes. How the constituents of the 

sentence are organized has a great influence over the meaning of the 

sentence. This is called structural meaning (Formkin & Rodman, 1983) . 

To assign a structural meaning of a sentence one has to analyze the 

phrase structure of the sentence or parse the sentence into its 

constituents (Anderson, 2002). 

(2) "The dentist hurt my teeth." 

For example, one can get a whole range of meanings not expressed in the 

lexical records of the words themselves from sentence (2). For example, 

that the "dentist" performed the action, not the "teeth". However, if the 

same words were organized in a different structure, as shown in sentence 

(3). it would give us different meanings. 

(3) "My teeth hurt the dentist." 

Syntax is part of our linguistic knowledge, which concerns the structure 

of a sentence. Syntactic rules that determine the correct orders in a 

sentence are more than merely words placed one after another like beads 

on a string (Formkin & Rodman, 1983). Sentences organized into 

subgroups of words are called 'constituents'. Constituents have a tree­

like structure, which uses to represent sentences as syntactic tree (Allen, 

1995). 
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The dentist hurt my teeth 

hurt my teeth 

~ 
The dentist 

/ \ 
The dentist hurt 

my teeth 

/\ 
my teeth 

Figure 2. 1 Syntactic Structure 

The above structural diagram is correct, but it is redundant, and it can 

be simplified by employing phrase structures. "The dentist hurt my teeth" 

is a sentence that could be represented by'S'. It also consists of two 

structural constituents: a noun phrases "The dentist" and a verb phrase 

"hurt my teeth". Therefore "The dentist" is substituted by 'NP' and "hurt 

my teeth" is substituted by the 'VP". The verb phrase "hurt my teeth" 

consists of two structural sub constituents: The verb 'hurt' and the noun 

phrase "my teeth". The pronoun 'my' and the noun 'teeth' are sub 

constituents contained in a larger noun phrase constituent "My teeth". 

S 

/~ 
NP Vp 

/\ v/\p 
Art Noun ~ 

Pro. Noun 

1 ! 
The dentis hurt my teeth 

Figure 2 .2 Phrase Structure 
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The combination of words into larger syntactic units is governed by the 

rules of grammar (Lobner, 2002). There is a rule for combining adjectives 

with nouns, and another rule for combining this adjective-noun 

combination or nouns alone, with an article (the article comes first). 

Given such rules for forming larger syntactic units, we need 

corresponding composition rules for meanings, for example: 

• A rule for deriving the meaning of an article-noun NP (the dentist) 

from the meaning of the article and the meaning of the noun. 

• A rule for deriving the meaning of a VP (hurt my teeth) from th e 

meaning of the verb (hurt) and the meaning of the direct object NP 

(my teeth); 

• A rule for deriving the meaning of a sentence (the dentist hurt my 

teeth) from the meaning of the subject NP (the dentist) and the 

meaning of the VP (hurt my teeth). 

In sum, we can draw the following general results from the above 

examples. The syntactic rules of a language allow the formation of 

complex expressions from what will be called basic expressions . (Basic 

expressions are expressions with a lexical meaning). Therefore, the 

meaning of these expressions a sentence is drawn from three sources 

(Formkin & Rodman, 1983): 

1. The lexical meanings of the basic expressions 

2. The grammatical forms of the basic expression s 

3 . The syntactic structure of the complex expression 
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''The meaning of a complex expression is determined 

by the lexical meanings of its components, their 

grammatical meanings and the syntactic structure of 

the wh ole" (LObner, 2002, p.1 S). 

The combination of these three sources is called principle of 

compositionality (Formkin & Rodman, 1983). The principle implies that 

the meanings of complex expressions are fully determin ed by the three 

sources mentioned, i. e. by the linguistic input alone. 

2.l.3.Syntactic Structural Ambiguity 

The principle of composition (Formkin & Rodman, 1983) emphasizes the 

importance of syntactic structu re to the interpreta tion of a sentence. 

There are inherent difficulties associated with determining the syntactic 

structures of a sen tence. Ambiguity is a term that refers to a concept 

where lexical or senten ces h ave two or more readings or meanings (Allen, 

1995). In dealing with meaning of sentences in the previous topics, 

expressions were treated as though they had only one meaning. This is , 

of course not the case. Some expressions are lexically ambiguous, some 

are structurally ambiguous and some are semantically ambiguou s . 

Structural ambiguity occurs when the grammar assigns more than one 

possible parse to a senten ce (Jurafsky & Martin, 2002). 

(4) "I would like to see the synthetic buffalo hides." 

The syntactic knowledge goes beyond our being able to decide which 

strings are grammatical and which a re not (Formkin & Rodman, 1983). It 

accounts for the structural ambiguity of expression like the one in the 
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above sentence. The humor of the sentence is enhanced by the ambiguity 

of the phrase "synthetic buffalo hides ." The ambiguity results from the 

fact that synthetic can modify buffalo hides or only buffalo. That is you 

may parse the phrase either as (synthetic buffalo and hides) or as 

(synthetic and buffalo hides) . 

NP NP 

(a) I~ (b) /~ 
Adj. NP 

AP N 

J 
I ~ I \ j N N 

Adj N 

~ ~ 1 1 
Synthetic buffalo hides synthetic buffalo hides 

Figure 2.3 Two Ways of Ambiguity 

Each parsing tree represents one of the possible meanings. 

2.2. Grammar Classification 

A wide range of grammar classes have been investigated in parsing and 

language modeling, depending on the nature of the application and 

particular insights on language structure and sentence distribution. 

Grammatical representations of meaningful relationships may be 

classified into three main classes: linguistic grammars, task-oriented 

grammars and data-oriented grammars (Lobner, 2002). 
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Linguistic grammars are a general-purpose grammar that a ddresses the 

main issues in applying linguistic theory to the development of 

computational grammars. The issues are coverage, predictive power and 

computational requirements. Task-oriented grammars are used in most 

current applications such as text summarization, information retrieval 

and speech understanding, which specifies directly how relationships 

relevant to the task than general-purpose grammar. In a data-oriented 

framework, learning or training procedure tries to determine the 

evaluation function that produces best results on an appropriate training 

corpus (William & Michael, 1996). Data-oriented grammars is dated back 

to the beginning of statistical studies of language by Markov, but such 

grammars capable of representing meaningful relationships have started 

only recently. 

2.3. Grammar Formalism 

Linguistic grammar is used to model natural language. Hence, grammar 

in a language model or parser uses as the specification of a configuration 

space in which the configurations represent stages of constituent 

combination, and transitions between configurations describe how 

constituents are combined in deriving larger constituents (Pereira, 

Sentence Modeling and Parsing). For instance, in a more complex case of 

phrase-structure grammars, configurations represent sequences of 

phrases (sentential forms), and transition of the possible combinations of 

adjacent phrases into larger phrases . A derivation of a sentence according 
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to the grammar is a path in the configuration space of the grammar from 

an initial configuration to a final configuration in which all the 

elementary constituents are consumed (Pereira, Sentence Modeling and 

Parsing). 

Any parse that models a sentence must include a generative mechanism 

or grammar that specifies how sentences are built from their parts, and 

how the information associated to the sentence derives from the 

information associated to its parts (Pereira, Sentence Modeling and 

Parsing). 

There are a number of grammar formalisms proposed by different 

scholars. Among them, there are Transition Network Grammars, Context 

Free Grammar, Features and Unification Based Grammars and Context 

Dependent Grammar. 

2.3.1.Transition Network Grammars 

Transition network grammar is based on the notion of a transition 

network consisting of nodes and labeled arcs. The nodes are specified as 

the initial state or start state, transition state and final or accepting state 

(Allen, 1995). 
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art noun pop 

NP: NP 

Figure 2.4 TNG (Allen, 1995) 

Consider the above NP grammar network with the initial state; one can 

traverse an arc if the current word in the sentence belongs to the 

category on the arc. If the arc is followed, the current word is updated to 

the next word. A phrase is a legal NP if there is a path from the node NP 

to a POP arc that accounts for every word in the phrase. This network 

recognizes the same set of sentences with the following context-free 

grammar: 

NP -7 ART + NPI 

NPI -7 ADJ + NPI 

NPI -7 Noun 

Simple transition networks are often called finite state machines 

(Jurafsky & Martin, 2002). Finite state machines are equivalent in 

expressive power to regular grammars, and thus are not powerful enough 
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to describe main features of a language. To get the descriptive power, it 

needs a notion of recursion in the network grammar. 

2.3.1.1. Recursive Transition Network Grammars 

A Recursive Transition Network (RTN) is like a simple transition network, 

except that it allows arc labels to refer to other networks as well as word 

categories (Allen, 1995) . In recursive transition network two or more 

simple transition networks are interconnected with arc labels. 

art noun pop 

NP: NP 

Figure 2.5 Simple TNG (Allen, 1995) 

We can construct a recursive transition network that recognizes a 

sentence by u sing the above simple NP transition network in figure 2.5. 
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NP verb NP 
pop 

s: 

Figure 2.6 RTN (Allen, 1995) 

The arc labeled as NP, in the sentence transition network in Figure 2 .6, 

refers to the NP simple network. The arc from S to S 1 can be followed 

only if the NP network can be successfully traversed to a pop arc. 

2.3.1.2. Augmented Transition Networks 

When a feature is added to a recursive transition network, it produces an 

Augmented Transition Network (ATN). A feature that will be added is an 

agreement restriction between words and phrases. The words and 

phrases restriction includes subject-verb agreement, gender agreement 

for pronouns, and restrictions between the head of a phrase and the form 

of its complement (Allen, 1995). 

Features in an ATN are traditionally called Registers (Allen, 1995). When 

constituent structures are created, each network will contain a set of 

registers . Each time a new network is pushed, a new set of registers is 

created. As the network is traversed, these registers are set to values by 
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actions associated with each arc. When the network is popped, the 

registers are assembled to form a constituent structure, with the CAT slot 

indicating the network name (Harries, 1985). 

art noun pop 

NP 
NP2 

Name 

Figure 2.7 ATN (Allen, 1995) 

(5) "The dog saw Jack." 

In order to ch eck the grammaticality of the subject NP in sentence (5) 

against the given ATN, we have to extract feature values of arcs 1 and 2. 

For instance, to record the value of arc 1 in the registers we have to 

follow a path that describes the sequence of the features structure, as 

shown in Figure 2.8(a). The path has two arcs, labeled with CAT and 

AGR, and three nodes, of which two are terminal nodes with values of 

ART and SG, PL. Each of the features has atomic-values . 

ART 

The 

(a ) AGR SG, PL 

HEAD ~ 
NOUN 

dog 0-----0 
(b) ~o SG. 

Figure 2 .8 Sequence of the Features Structure 

24 



Agreement test will be conducted in the two AGR registers on whether 

there is intersection in their values. Therefore , the AGR value of the NP 

con sti tu ent in Figure 2.8 will be SG, which is the intersection between 

values of the two sub-constituents. 

2.3.2 .Context Free Grammar 

Context free grammar (CFG) is grammar formalism where the syntax of 

each constituent is independent of the symbols occurring before and after 

it in a sen tence (Harris, 198 5) . It is a mathematical system most 

commonly u sed for modeling constituent structure in natural language. 

Context-free grammars are also called Phrase-Structure Grammars, and 

the formalism is equivalent to what is also called Backus Naur Form or 

BNF (Jurafsky & Martin, 2002). 

A context-free grammar consists of a set of rules or productions, each of 

which expresses the ways that symbols of th e language can be grouped 

and ordered together into lexicon of words and symbols (Harries , 1985). 

For example: 

S -7 NP + VP (2.1) 

NP -7 Det + Nominal (2.2) 

NP -7 ProperNoun (2 .3) 

Nominal -7 Noun I Noun Nomina l (2.4) 

VP -7 Verb + NP (2.5) 
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The above production rule expresses that an NP (or noun phrase), can be 

composed of either a ProperN oun or a determiner (Det) followed by a 

Nominal; a Nominal can be one or more Nouns. 

Context free rules can be hierarchically embedded, so we could combine 

the pervious rule with the following , which express facts about the 

lexicon: 

Det -7 A 

Det -7 the 

Noun -7 flight 

(2.6) 

(2 .7) 

(2.8) 

This formalism is powerful enough to describe most of the structure in 

natural languages, yet it is restricted enough so that efficient parsers can 

be built to analyze sentences. Symbols that cannot be further 

decomposed in a grammar, namely the words in the preceding example, 

are called terminal symbols. The other symbols, such as NP, VP, and S 

are called non-terminal symbols. The grammatical symbols such as N 

and V describe word categories are called lexical symbols (Allen, 1995). 

A CFG is usually thought of in two ways: as a device for generating 

sentences, or as a device for assigning a structure to a given sentence 

(Jurafsky & Martin, 2002). As a generator, we could read the -7 arrow 

"rewrite the symbol on the left with the string of symbols on the right". So 

staring from the symbol NP, we could use rule 2.2 to rewrite NP as Det 
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Nominal . And then rule 2.3 rewrites Nominal as a Noun and finally via 

rule 2.6 and 2.8 we find the NP "a flight". In the other way the grammar 

assigning Det to an article 'a ' and Noun to the word "flight" u s ing rule 2.7 

and rule 2.8. Rule 2.2 and 2.4 assign NP structure by to "a flight" 

combining the two parts of speech. 

2.3.3.Features and Unification Based Grammars 

Feature structures and unification provide computational 

implementation of a con s traint-based formalism. A constrained based 

representation scheme will allow us to represent fine-grained information 

about number, person, and tense agreement, sub categorization , as well 

as semantic categories like mass/count (JurafskY & Martin, 2002). 

Feature structure is a method u sed to capture and represent the kind of 

grammatical properties of sentence constituents. One of the simplest 

ways to encode this kind of properties that we have in m ind is through 

the u se of feature structures . The encoding could possibly include 

constituent part of speech category (CAT) , number, and person as follows 

(Backofen, 1995): 

CAT NP 

NUMBER SG 

PERSON 3 

The above feature structure must operate with feature structures of other 

constituents. Feature structures would be of little use without performing 
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reasonably efficient and powerful unification operations on them. The two 

principal operations are merging the information content of the two 

structures and rejecting the merger of structures that are incompatible. 

Fortunately, unification, a s ingle computational technique, suffices for 

both of these purposes (Jurafsky & Martin, 2002). The unification results 

as follows: 

[NUMBER SG 1 U 

[NUMBER SG 1 U 

[NUMBER pL] -7 Fails/Reject 

[NUMBER I I 1 = [NUMBER SG 1 

After developing the feature and unification constraints, we associate it 

with the context free rules of the grammar and finally incorporate it into 

the parser (Joshi, 1996). 

2.3.4.Context Dependent Grammar 

The basic idea behind the context dependent grammar is that it 

generates strings with a special start symbol and then applies rules that 

specify how certain combination of symbols may be replaced with other 

combinations of symbols as a constraint. The constraint rules is that the 

length of the string on the left-hand side is at least one, and is less than 

or equal to the length of the string on the right-hand s ide (Warren, 1999). 

It has rules that rewrite a non-terminal symbol A in the context aAj3 as 

any non-empty string of symbols. They can be either written in the form 

28 



aA/3 ~arA or in the form A --+ r / a _ f3 (Jurafsky & Martin, 2002). 

A linguistic model that is known to be context-sensitive is Tree-Adjoining 

Grammar (Joshi, 1985). 

2.4. Parsing Methods and Search Strategies 

Parsing is the process of assigning syntactic or (and) semantic 

representations to natural language expressions according to a grammar 

(Arnold, 2001) . EAGLES Central Secretariat also defines parsing as the 

process of assigning structural descriptions to sequences of words in a 

natural language (or to sequences of symbols derived from word 

sequences) . Just what sort of structural description is assigned and on 

what grounds depends either on grammar - a description language plus 

set of structural constraints or statistics that could be acquired from a 

corpus (EAGLES Central Secretariat, parsing) . 

Therefore, generally, there are two types of methods for parsing (Atelach, 

2002): 

• Rule based approach: pure rule reasoning driven by 

grammar rules; 

• Statistical method: probabilistic reasoning driven by 

grammar rules with the association of statistical method. 

2.4 . 1.Rule Based Method 

For decades, the majority of NL parsers have been "rule-based." In such 

parsers, knowledge about the syntactic structure of a language is written 
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in the form of linguistic rules (gramma r rules ), and these rules are 

applied to input text segments in order to produce the resulting parse 

trees by the parser. Information abou t individual words , such as what 

parts-of-speech they may be, is usually stored in an online dictionary, or 

"lexicon," which is accessed by the parser for each word in the input text 

prior to applying the linguistic rules (Richardson, 1994) . 

2 .4.2.Statistical Method 

Although rule-based parsers are widely used, in working NLP systems, 

they have disadvantage that extensive amounts of dictionary data and 

labor (to write the rules) by highly skilled linguists are required in order 

to create, enhance, and maintain them. This is especially true if the 

parser is required to have "broad coverage", i.e., if it is to be able to parse 

NL lext from many different domains (Wilms, no year, Web). 

As a result in the last few years, there has been increasing activity in the 

computational linguistics community focused on making use of statistical 

methods to acquire information from large corpora of NL text, and on 

using that information in statistical NL parsers. Instead of being stored 

in the traditional form of dictionary data and grammatical rules, 

linguistic knowledge in these parsers is represented as statistical 

parameters , or probabilities. These probabilities a re commonly used 

together with simpler, less specified, dictionary data and/ or rules, 
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thereby taking the place of much of the information created by skilled 

labor in rule-based systems (Allen, 1995). 

Advantages of the statis tical approach that are claimed by its proponents 

include a significant decrease in the amount of rule coding required to 

create a parser that performs adequately, and the ability to "tune" a 

parser to a particular type of text simply by extracting s ta tistical 

information from the same type of text. Perhaps the most significant 

disadvantage appears to be the requirement for large amounts of training 

data, often in the form of large NL text corpora that have been annotated 

with hand-coded tags specifying parts-of-speech, syntactic function, etc 

(Richardson, 1994). 

2.4.2.1. Probabilistic Context Free Grammars (PCFGI 

Probabilistic context-Free Grammar (PCFG) is the s implest augmentation 

of the context-free grammar. It is also known as the Stochastic Context­

Free Grammar (SCFG), first proposed by Both in 1969 (Jurafsky & 

Martin, 2002). Probabilistic parsing specially u sed to disambiguate. A 

probabilistic grammar offers a solution to the problem by choosing the 

most-probable interpretation. Thus, due to the prevalence of ambiguity 

probabilis tic parsers can play an important role in most pa rsing or 

na tural language understandin g tasks (Yao and Lua, 1998). 
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A PCFG is a 5-tuple G = (HT, HN, E', P, 0) where HT is the set of terminal 

symbols, HN the set of non-terminal symbols, E, li H N the start symbol, 

and P the set of productions. Productions take the form ofE~~(P), 

probability that E is expanded into the string ~. 0 is a function 

assigning probabilities to each rule in P. The probability of applying a 

particular production to an intermediate string is conditionally 

independent of what productions were previously applied to obtain the 

current string, or what productions will be applied to other symbols in 

the current string, given the presence of the left-hand symbol. Therefore, 

the probability of a given derivation is simply the product of the 

probabilities of the individual productions involved. The probability of a 

string in the language is the sum over all possible derivations (Jurafsky & 

Martin, 2002). 

A probabilistic context-free grammar augments each rule in P with a 

conditional probability: 

This function expresses the probability P that the given non-terminal E 

will be expanded to the sequence ~. It is often referred to as: 

P(E~~) Or as 

p(E~~IE) 
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Formally this is conditional probability of a given expansion given the 

left-hand-size non-terminal E. Thus if we consider all the possible 

expansions of a non-terminal, the sum of their probabilities must be one. 

The independence assumptions between constituents make PCFG not to 

be better (Allen, 1995). Problems arise in many guises, but one critical 

issue is the handling of lexical items. For instance, the context-free model 

assumes that the probability of a particular verb being used in a VP rule 

is independent of the rule under consideration. This means that lexical 

preferences for certain rule cannot be handled in the basic framework. 

This problem then influences many other issues, such as attachment 

decisions (Jurafsky & Martin , 2002). 

2.4.2.2. Best First Parsing 

So far the PCFG doesn't contribute a lot to increase the efficiency of the 

parser. To increase the efficiency of the parser Best First search is 

introduced. The Best First Parsing algorithm attempts to explore the 

highest probability constituents first. The assumption is that the best 

parse can be found quickly as lower-rated possibilities are never explored 

in the search space (Allen, 1995). It adopted a heuristically guided search 

parsing strategy (Kay 1980). 

The algorithm doesn't search from left to right in the search space rather 

it finds any word in the sentence that h as a heights probability value. 
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2.4.2.3. Simple Context Dependent Best-First Parsing 

Even though the Best-First algorithm helps to improvement the efficiency 

of the parser, by reducing searching space, it doesn't improve the 

accuracy problem of PCFG. The alternative solution to improve the 

accuracy is to make the probability rule based on the context dependent 

lexical information (Chilly, 2000). 

The idea exploits the observation that the first word in a constituent is 

often the head and thus has a dramatic effect on the probabilities of rules 

that account for its complement. This suggests a new probability 

measure for rules that is relative to the first word, PROP (R I C, W). This is 

estimated as follows (Allen, 1995): 

PROB(R! ) = count (#times rule R used for cat C sarting with W) 

jC,W count (#times cat C starts with W) 

The effect of this modification is that probabilities are sensitive to the 

particular words used. Pronoun is relatively more common as a subject 

than as an object in a sentence. More importantly, the context-sensitive 

rules encode verb preference for a different sub categorization. For 

instance, given the rule VP -7 V + NP + PP definitely tell that the verb 

"put" will be used more times in this rule than the verb "like" which 

u sually doesn't take a preposition (Allen, 1995). 
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2.4.3.Search Strategies in Parsing 

Parsing is defined as a searching technique (Allen, 1995). In syntactic 

parsing, the parser can be viewed as searching through the space of all 

possible parse trees for the sentence. The search space of possible parse 

trees is defined by the grammar. Regardless of the algorithm 

implemented there are two constraints that should help to guide the 

search. These are the data or the input lexical and the grammar 

(Jurafsky & Martin, 2002). These two constraints give rise to the two 

search strategies, top-down and bottom-up. 

2 .4.3.1. Top.down Parsing 

Top-down parsing is grammar-driven search, it starts with the start 

symbol of the grammar or at the top of the tree, tries to derive the input 

string. This is done by u sing the next input symbol(s) and the current 

state of the parser to properly "guess" the next derivation step (Jurafsky 

& Martin, 2002). Backtracking is important to top-down parsing. While 

searching, the parser could follow different strategies including depth­

first strategy or breadth-first strategy (Knight, 1991). 

In this goal oriented parsing technique, sub-goals that are already visited 

and recognized will be kept in a data structure known as chart. 

Algorithms that do this a re called chart parsers (Russell & Norving, 

1995) . 
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2.4.3.2. Bottom-up Parsing 

The basic idea of a bottom-up parser is that it starts with the words of 

the input, and tries to build a sentence or a tree from the words up by 

applying rules from the grammar one at a time (Jurafsky & Martin, 

2002). The main operation is to take a sequence of symbols and match it 

to the right-hand side of the rules. 

So far, various algorithms are developed to increase the efficiency of a 

parser. The goal is accomplished by avoiding repetitive matching using 

different types of data structure. As stated above, a chart data structure 

allows the parser to store the partial results of the matching it h as done 

so far so that the work need not be reduplicated in chart parsing. In shift 

reduce parser a stack data structure will be used in order to store the 

already matched constituents of a sentence (Allen, 1995) 

2.5. Approaches to structural Disambiguation 

There are a number of methods used to resolve structural ambiguities . 

These methods could be classified into three types : syntactic approach, 

semantic approach and statistical approach (Frannz, 1996) . 

2.5.1.Syntactic Approach 

Syntactic approach to ambiguity resolution uses structural property of 

the parse tree to choose a particular parse (Hang Li, 1996). This 
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approach usually is inspirited by psycho-linguistics. It involves structural 

heuristics to disambiguate. The information for disambiguation would be 

taken from the actual language expression and entered into a dictionary 

after being clarified (McRoy & Hirst, 1989). 

In psycholinguistics, a number of principles have been proposed that 

attempt to modelize human disambiguation process. They include the 

Lexical Preference Rule (LPR)2 (Ford et al., 1982); the Right Association 

Principle (RAP)3 (Kimball 1973); the Attach Low and Parallel Principle 

(ALPP, an extension of RAP)4 (Hobbs and Bear 1990); Minimal 

Attachment Principle (MAP)5 and Late Closure (LC)6 (Frazier and Fodor, 

1978). 

Syntactic factors clearly play a large role in ambiguity resolution; 

however it is widely acknowledged that many cases of structural 

ambiguity, including PP attachment, could not be resolved on the basis of 

structural properties of the sentence alone. Instead, semantic or 

pragmatic information is also required (Frannz, 1996). 

1 Give priority to the interpretations that are consistent with the strongest lexical fann of the predicate. 

3 Attempt to attach to the lowest right non-tenninal node in the parse tree. 

4RAP prefers an interpretation attached to a nearer phrase, ALPP prefers interpretations 
with attachments that are low and in parallel. 

S It is the preference for incorporating a new word into a parse tree using the fewest 
possible new nodes 

6 It is happen when grammatically permissible, attach new items into the clause or 
phrase currently being processed. 
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2.5.2.Semantic Approach 

The semantic approach relies on the deployment of world or situation 

knowledge to assess alternative interpretations of a sentence. In order to 

realize an actual semantic analysis, such an approach requires semantic 

dictionary and interpretation systems, which generate fairly rich 

semantic analysis for sentences along with sophisticated inference 

mechanisms to operate on them (Hirst, 1986). 

An extensive amount of work has been done on semantic features of 

disambiguation. It includes "selectional restriction"7 (Katze and Foder, 

1963) , the framework of "conceptual parsing"B (Schank and Abelson, 

1977; Schank, 1995), and so on. Parsing methods falling under this 

framework would bc the case frame parser (Carbonell and Hayes, 1988) 

and expectation driven parsing (Riesbeck, 1987). 

2.5.3.Statistical Approach 

The dominant approach to syntactical ambiguity resolution at the 

moment involves the use of statistical techniques in one form or another. 

In particular, u sing statistical grammars, which take into consideration 

lexical dependencies, has proved a very sensitive way of capturing the 

kind of grammatical contexts that particular words or word combinations 

7 Restricting some expression which arc sought inconvenient from analysis 

8 These parsers used domain- specific semantic knowledge to drive the parsing process, and to perform 

disambiguation. 
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• 

typically appear in; this information can be effectively used to decide 

between alternative parses (Knott & Vlunter, 2002) . 

This approach uses large database or corpora of natural language data as 

its base for disambiguation. The data allow the system to use statistically 

based techniques for automatically deriving the probabilities needed 

(Allen, 1995) 
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CHAPTER THREE 

THE AMHARIC GRAMMAR 

This chapter focuses on reviewing grammatical rules of Amharic. The 

chapter consists of six sections. Section 3.1 highlights the characteristics 

of Amharic alphabet and punctuation marks. The word class of Amharic 

is discussed in section 3 .2. Section 3.3 describes word classes including 

Interjection, Determiners, Quantifiers, Modifiers, and Complements . The 

syntactic structure of Amharic is discussed in section 3.4. Section 3 .5 is 

devoted to fea ture of Amharic sentence . The last section summarizes 

structural ambiguity of Amharic sentences . 

3.1. The Amharic Alphabet and Punctuation Marks 

The present writing system of Amharic is taken from Ge'ez alphabet , 

which was the language of literature in Ethiopia at the early time. The 

Amharic writing system consists of a core of 33 characters (fidels) each of 

which occur in one basic form and in six other forms known as orders. 

The seven orders represent different forms of a consonant. These forms 

are created by the combination of the consonants and vowels. The non­

basic forms are derived from the basic forms by more-or-less regular 

modification (Abiyot, 2000) . For example using the consonants Iql and 

Ibl the orders are: 
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basic 
1 s t 2nd 3 rd 4 th 5th 6 th 7 th 

. ,- -, . -,: ,I- .~ ~- .yo 

qa qu ql qa qe q8 qo 

0 O· n. IJ n, ·0 {l 

ba bu bi ba be b8 bo 

In addition to the a bove forms, there are n early 40 others , which usually 

contain a special feature representing labialisations. For example, 

1:, </'" '.I: '.I: </'-

qwa qwi qwa qwe qw 

Without including the labiovelars the alphabet includes 241 letters . Each 

graphic symbol represents a consonant together with its vowel. The 

vocalic symbol cannot be detached from the consonant element. Thus , 

the Amharic script is a syllabic rather than an alphabet (Leslau, 1967) 

Analysis of Amharic texts reveals that different Amharic punctuation 

marks are used in Amharic to serve for different purposes. Beletu (1982) 

as cited in Abiyot (2000), indicated that there are about 17 punctuation 

marks of which only a few of them are commonly used and have 

representations in Amharic software . 

In this study, Phonetics script is used to represent the Amharic alphabet 

ins tead of/fidels/ as it is difficult for morphological analysis and under 
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the assumption that it is possible to convert the script to their equivalent 

Amharic texts using trans literations software. 

3.2. Word Classes in Amharic 

It makes the study of features of Amharic words very easy and efficient to 

classifY words into groups according to their similarities (Getahun, 

1995). Grouping words into classes also makes language processing 

possible. 

Mersi'hazen (1934)9 categorized Amharic words into eight classes, 

including noun, pronoun, verb, adverb, adjective, preposition, 

conjunction, and interjection. Baye (1987)10 and Getahun (1995)11 

reduced them into five classes according to their forms and position in 

sentences, which are: noun, verb, adverb, adjective, and preposition. 

They grouped pronoun into noun and conjunction into preposition 

because they share the same form and position in the sentence. They 

totally removed interjection because it doesn't have any syntactic 

property. 

In this study, we mainly followed the set of classes from Mersi'hazen, but 

also incorporated the idea of eliminating interjection from Baye and 

9 Date is according to the Ethiopian calendar 

10 Date is according to the Ethiopian calendar 

J 1 Date is according to the Ethiopian calendar 
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Getahun. It is because th a t we found it necessary to separate pronouns 

from nouns and separate conjunctions from prepos itions in tagging and 

pars ing Amharic sentences. Finally, we obtained the following word 

classes : noun, pronoun, adjective, verb, adverb, preposition, and 

conjunction. 

3.2.1.The Noun Class 

Like English, Amharic nouns are words used to name or identify any of a 

class of things, people, places or ideas (Attelach , 2002). Nouns are 

classified into primitive and derived nouns (Gethahun, 1995). The 

primitive nouns are those nouns not derived from any oth er roots, or 

stem like j samay j 'sky', j m aretj 'earth' , j d8n gay j 'stone' and etc. A 

long list of primitive nouns is given in Laselu (1967). Derived nouns are 

those nouns that are derived from other roots such as jm8s8l j 'picture', 

j m iilsj 'answer' , and jqiirat'j 'tax'. Different types of derived nouns are 

provided in Getahun (1995). 

According to Getahun (1995), the Amharic noun has the following forms 

and positions in the sentence. 

• It takes the morpheme -woee, or -oee a t the end to m ake it plural. 

j biirejox 
j f8yyiil j goat 

j biirewocc j oxen 

j f8yyiiloccj goats 

• It serves as the subject of a complete sentence structure. 
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fOyiil sar y8balal / goat eats grass/ 
goat grass cat 

• It serves as the object of a transitive verb in a sentence . 

dawit bare giizza / Dawit bought an ox/ 
Dawit ox bought 

• It may be preceded with a quantifier or deictic adjective. 

(1) 

(2) 

dawitB b8zu bare giizza /Dawit bought many oxen/ (3) 
Dawit many ox bought 

y8h bare yadawit naw /This is Dawit's OX/ (4) 
This ox Dawit's is 

• It takes type modifier as a djective. 

dawit llii,y barre giizza /Dawit bought a red ox/ (5) 

Dawit rcad ox bought 

Since Amharic is a highly inflectional language, nouns change their 

forms according to number; gender, definiteness and case (Baye, 1986 & 

Getahun, 1995) . 

Number 

Number in Amharic grammar indicates the quantity of a certain things, 

events, idea, and so forth. 

Gender 

Singular 

bag /sheep 

saw / man 

miildna/ car 

k8t'al / leaf 

Plural 

bagocc / sheeps 

sawocc /men 

m akinawocc / cars 

k8t'alak8t'iil / leafs 

Based on the gender they refer, we can classify nouns into female type 

and male type. 
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Definiteness 

Male 

anta jyou 

yah jthis 

ya jthat 

Female 

anaci jyou 

yahacc j this 

yacci j that 

A noun is called definite whenever it is known or particula rly defined 

beforehand. 

Subject gloss Definiteness gloss 

bet 'house' betu 'the house' 

bag 'sheep' begu the sheep' 

Jaj 'boy' Jaju 'the boy' 

Case 

It refers to the roles of nouns in a sentence. It could be subject of a 

sentence, object in a verb phrase and possession in a noun phrase. 

Subject gloss Object gloss Possession gloss 

bet 'house' betun 'the house' bete 'my house' 

bag 'sheep' bagun 'the sheep' bage 'my sheep' 

Jaj 'child ' Jajun 'the child' laje 'my child' 

Nouns are used in object form whenever they take definiteness form. 

In Amharic numerals can be classified as nouns. These are words 

representing numbers, which include cardinal or ordinal numbers. A list 

of the Amharic cardinal numbers is found in Dawkins (1960) and Laslu 

(1973). In Amharic, the ordinal numbers are formed from the cardinal 

numbers by attaching the suffIx -(a)iiiia. For Example 
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Cardinal 

and 

ass8r 

haya 

gloss 

'one' 

'ten' 

'twenty' 

Ordinal 

and -anna 

ass8r-anna 

haya-nna 

gloss 

'first' 

'tenth' 

'twentyth' 

Compound Amharic numerals are constructed by concatenating multiple 

numerals sequentially like those in English. For example, 

huliit mato siilasa 

sos8t mato haya and- anna 

/two hundred thirty one/ 

/321"/ 

In Amharic, there are also numerals that indicate distribution. These 

numerals are called distributive numerals. For example, 

and and "One for each of them." 

3.2.2.The pronoun class 

The pronoun is separated from the noun class because it is important for 

a system to resolve reference ambiguity in complex sentences. The 

Amharic pronoun includes personal, demonstrative, interrogative, 

indefinite, impersonal, emphatic, reflexive, distributive, and relative 

pronouns. All types of pronoun are listed in Dawkins (1960) . 

The Amharic personal pronouns are classified into independent and 

dependent personal pronoun. The dependent personal pronoun is a 

pronoun that is found inherently in the noun and the verb. The 

independent personal pronoun is a pronoun that stands by itself. 
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The independent personal pronouns are expressed independently as 

separate words. That it is why they are referred as independent personal 

pronouns. For example: 

one/ I anta/you (m) 

orso/you (pol) orsu/he, it 

anna/we onnanta/you (pol) 

oresaccw / he, she (pol) 

ancci/you (f) 

oreswa/she 

onnarsu/they 

These pronouns are used especially for emphasis and contrast because 

the subject of the verb is already attached to the verb as illustrated 

below. 

ommokkoralliihu 
try Aux-

one ommokkoralahu 

I try - Aux· 

/1 will tray. / 

II will tray. / 

There are occasions where the personal pronouns where expressed as 

dependent to the noun or the verb. Among the dependent pronouns , 

possessive suffixes , object suffixes and subject suffixes are three of them. 

The possessive suffixes are added into a noun to refer possession. If the 

noun is /abbat/ 'father' the following suffix will be attached. 

-e/my -h/your (m) -s/your (f) 

-wo /your(pol) -u/his or its -wa/her 

-accon/our -accohu/ your (pi) -accaw/their (pol) 

The object suffixes are the equivalent of the English object personal 

pronouns, and are suffixed to the basic verbs of which they are direct or 
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indirect object (Dawkins, 1960). If the basic verb is /fiillaga/ 'find' the 

following suffix will be attached to identify the object to which they refer. 

-nn /me -h/you (m) -s/you (f) 

-wot/you (pol) -w /him or it -at/her 

-n/us -acchu/you (pi) -accw / them(him, her) 

The subject of a sentence can be found attached itself to the verb. This 

suffix is called subject pronoun marker. Both the perfect and imperfect 

verbs have the subject affix. Considering the stem /fiillag- / 'find', the 

different subject affixes for both perfect and imperfect verb types are 

given in the table below. 

Singular Plural 

person subject example subject example 

suffix suffix 

1 st -hu fiillaghu -8n fiillag8n 

"I:l 
2nd musc. -h fiillagh 

(() Female -s fiillags -acc8hu fiillagacc8hu 
,., 

'"' 
Pol. -u fallagu 

() 
rl" 3 rd musc. -a fallaga fiillagu -u 

Femal -ac fiillagac 

Jst 8- 8fii1l8galliih u 8n- 8nfiil18galliin 

- 2nd musc. t8- t8fiil18galliih 
S 
'0 Female t8- tafiil18giallas ta- t8fiil18gallachu 
(() ,., Pol. y8- y8fiil18gallu 

'"' () 3rd musc. y8- y8fiil18gall y8- y8fiil18gallu 
rl" 

Femal ta- tafiil18gallacc 

Table 3.1 the Subject Marker 

The perfect verb shows actions that are completed while the imperfect 

describe actions tha t are incomplete. 
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3.2.3.The Adjective Class 

Adjectives can also be classified into primitive and derived adjective 

classes. Like English adjectives, Amharic adjectives precede the noun 

they modify. 

tallaq bare /big ox/ 
(6) 

big ox 

However, words that modify a noun might not be necessarily an adjective 

(Getahun, 1995), it could be determiner, relative clause and others. 

Consider the underlined words given below that precede the noun /bare/ 

'ox': 

yah bare /this ox/ 
(7) 

this ox 

dawit yagiizzaw bare / an ox that Dawit bought. / (8) 

Dawit bought ox 

In (7) it is a determiner, whereas in (8) it indica tes a relative clause. Like 

nouns, adjectives also have inflections for gender, case and definite. 

3.2.4.The Verb Class 

A verb in Amharic is any word that can be placed at the end of a 

sentence and which could have subject or object pronoun affixes. 

Consider the following examples (Getahun, 1995): 

sat'-a (he gave) 

sat'-acc (she gave) 

sat'-ahu (I gave) 

sat'-ah / sat'-ak ( you gave, male) 
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sat'-as (you gave, female) 

Verbs are inflected for person, number, gender and tense. The different 

inflection forms of the stem I sabbar-I 'break' is given in appendix 1. 

Amharic has six tense types as shown in the table found in appendix 1. 

These are simple perfect tense, simple imperfect tense, present perfect 

tense, present imperfect tense, past perfect tense, and past imperfect 

tense ( Baye, 1986). The simple perfect and the simple imperfect tense 

are morphological tense type. However, the rest tens type are formed by 

combining two types of main verb stems and two other auxiliary verbs. 

The main stems are perfect and imperfect while the auxiliary verbs are 

lallal 'exist' and /naw/ 'is'. /nabar/ 'was' which is the perfect form of 

the two auxiliary can also be used in the tense formation. 

3.2.S.The Adverb Class 

Amharic adverbs modify a verb in terms of time, position and condition 

(circumstance) (Getahun, 1995). 

dawit tolo alOmat'am /Dawit didn't come quickly.f (9) 

Dawit quickly didn't come 

The underlined word /tolo/ is an adverb that modifies the verb 

/alOmat't'amj. 

Adverbs are classified into primitive and derived words. Some examples 

of the primitive words are /gana/ 'not yet' and /tolo/ 'quickly' while the 
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derived words are Ik8funal 'badly' and Im8n8nnal 'seriously'. In a 

language that h as only a few numbers of adverbs, however, the role of 

the adverb can be accomplished by the noun phrase, prepositional 

phrase and relative clause (Baye, 1986 & Getahun, 1995). 

dawit biif8t' n iH wada gondar heda /Dawit went to Gonder in hurry./ (10) 

Dawit in hurry to Gondar went 

The underlined words in the above sentence describe how Dawit went to 

Gonder. However, the constituent consists of Ibal and I f§.t'nat / , which 

is a combination of preposition and noun. In this case, it is a 

prepositional phrase that plays the adverbial function. 

aster dawit wada gondiir sih ed alaqasacc 

Aster Dawit to Gondar going cry 

I Aster cried when Dawit 

went to Gonder. / (11) 

The underlined constituent in (11) is a dependent sentence (subordinate). 

It functions as an adverbial of reason because it explains why Aster 

cried. 

dawit wada gondiir heda / Dawit went to Gondar./ (1 2) 

Dawit to Gonde went 

In (12), the underline constituent is prepositional phrase that performs 

the a dverbial function. 

Adverbs of position, which is referred as noun adverbs , can be used 

eith er as a noun or as an adverb depending on the context. For example : 
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wada h ayl tiilawiit'a j It is changed into force.j (1 3) 

to force changed 

/ hayl / is used as a noun in (13). 

ba-hayl yosiirai jHe works strongly .j (14) 
by inside works (he) 

/ba-hayl/ is used as an adverb in (14). 

3.2.6. The Preposition Class 

Prepositions in Amharic are words tha t can be combined with nouns. 

Words like /onda/, /wada/, /sOia/, / Ia/ , and /ka/ are prepositions. 

dawit kagondiir ondamat'a tiiiina /Oawit sleeps as he came from Gondar.j(15) 

Dawit from Gondar as he came sleep 

dawit wada gondar h eda j Oawit went to gondar.j (16) 

Dawit to Gondar went 

dawit onda kasa ayocakkulm / Dawil didn't hurry like Kassa./ (17) 

Dawit like Kassa din't hury 

dawit sOiadakkiima marriif aiabbat jOawit rests as he tired. j (1 8) 

Dawit as he tired rests 

All the underlined words from (15)-(1 8) are prepos itions. 

According to Baye (1986) and Getahun (1995), prepositions have the 

following fea tures. 

• It is placed before a noun and acts as an adverb. 

• It doesn't inflect. 

• No word can be derived from it. 
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In the modern linguistic literature, conjunction is considered as a 

preposition because both of them share the same features. 

3.2.7. The Conjunction Class 

Often words used as conjunctions and prepositions are the same 

(Dawkins, 1960). However, conjunctions are prefIxed to verbs while 

prepositions are prefIxed to nouns. Conjunctions are classifIed into 

coordinate and subordinate categories . Coordinate conjunction 

coordinate words, phrases, clause and sentences . Some of the 

coordinate conjunctions are /onna/ 'and', /mO/ 'and, too, also, even, 

either', /nagar gon/ 'however', /wayom/ 'or'. The subordinate 

conjunction used to introduce a subordinate clause, subordinating it to 

the principal clause of the sentence. Some examples of the subordinate 

conjunction are / sola/ 'becouse', /ka/ 'since', /ba/ 'if. A list of 

coordinate and subordinate conjunctions can be found in Dawkins 

(1960) along with a detailed discussion of coordinate and subordinate 

conjunctions. 

Even though preposition and conjunctions are not differentiated in the 

modern work due to their s imilar features, they are presented separately 

in this study as they have different roles in a sentence. 
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3.3. Interjections, Determiners, Quantifiers, 

Modifiers, and Complements 

There are som e phrases or numerals that can not be grouped into the 

above-mentioned word classes. These phrases or numerals can be 

classified into five categories, including interjections, determiners, 

quantifier, modifiers, and complements. 

3.3.1.Interjections 

Like English , Amharic has many words or phrases to express such 

emotion as sudden surprise, pleasure, annoyance and so on. Such kinds 

of Amharic words do not assume grammatical function and, therefore, 

are not grouped into word classes. These interjections can appear as 

singletons by themselves outside a sentence or appear any where in a 

sentence. For example, 

gos! 

abbate mat'a gos ! or gos abbate mat'a ! 

A long list of Amharic interjections can be found in Dawkins (1960) 

3.3.2 .Determiners, Quantifiers, Modifiers and Complements 

This and the following sections discuss phrasal categories and sentences 

in Amharic. Baye (1986) and Getahun (1995) use the terms, determiner, 

modifier, a nd complement, in parsing Amharic sentences. These are not 
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word categories, but are u sed to specify the function of a certain word or 

phrase in a sentence . 

Determiner: a construct u sed to specifically point out or differentiate a 

certain thing. For example 

dawit [bat'am and a wiindamu saw fiiril naw (19) 
Dawit very much like his brother human afraid is 

I Dawit is very much shy like his brother. I 

In (19), /bat'a m / 'very much' specifically points out how the subject (i .e . 

he) is shy and thereby labeled as a determin er. 

Quantifier: a constituent u sed to quantify certain thing. For example, 

hulat gize tam8harat bet h eda I He went to school twice) (20) 
Twice education house he went 

In (20), /hulat gize/ 'twice' is used to quantify the number of times the 

subject (i.e . h e) went to school, and is therefore labeled as a quantifier. 

Modifier: a constituent that builds a phrase or a sentence. Modifiers are 

found preceding the phrases or the sentences they modify. The modifiers 

could be a word or a phrase. Some of the modifiers are adjectives, 

adjectival phrases; prepositional phrases, and so on. For example in (21) 

the verb is modified by a prepositional phrase . 

ba -makina wada bet h eda Ihe went to school by car.1 (21) 
by car to ' house he went 
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Here, the prepositional phrase /ba-miikina/ 'by car' is la beled as a 

modifier for the VP. /wada bet h eda/ 'went home (he)' is a sentence by 

itself, and the function of / ba-miikina/ is to build the sentence by giving 

more information about the ins trument. More details on modifiers are 

provided in Baye (1986) and Getahun (199 5). 

Complement: a construct that is used to make a certain idea complete. 

For example, 

'kasa gaddaJa / Kassa killed. / (22) 

kasa anbasa gaddaJa /Kassa killed a lion. / (23) 

/ anobasa/ 'lion', which is a noun, is a complement in (23) . It IS 

considered as a complement becau se it is used to m ake (22) the ill 

formed sentence /kasa gaddaJa/ 'Kassa killed ' complete, by way of 

specifying what the object of the sentence is. 

3.4. Syntactic Structure of Amharic 

The syntactic structure is formed by combing different words. Since 

Amharic word formation follows its own structure, the syn tax of the 

language also exhibit a unique structure. The syntactic s tructure of 

Amharic sentence is SOV (Subj ect-Object-Verb) . The modifiers in su ch 

structure generally precede the word or th e phrase they modify . 

• ill fonned or not acceptable construction 
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3.4.l.Phrase 

There are two types of constituents in the syntactic structure: phrase 

and sentence. The phrase is a constituent in the language, which is 

composed of the head word, the complementary and the modifier. In 

Amharic there are five types of phrases, including noun phrase, verb 

phrase, adverbial phrase, adjectival phrase, and prepositional phrase 

(Baye, 1986; Getahun, 1995). 

3.4.2.Noun Phrase 

Pronouns and proper nouns are main constituents of Amharic noun 

phrases. 

ane at'iinaliihu 
study 

dawit bare giiza 
Dawit ox buy 

I I study. I (24) 

IDawit bought an ox. I (25) 

The pronoun janej ']' in (24) and the proper noun or personal pronoun 

jdawitj 'Dawit'in (25) are noun phrases. We can formulate rule 1 and 

rule 2 from construct (24) and (25). 

Rule (1) 

Rule (2) 

NP -7 IPP 

NP -7 PERP 

In Amharic noun phrases are constructed from sub phrase and main 

phrse (Baye, 1986) . The sub noun phrase (SNP) is made up of the head 

word andjor one more noun as complementary. 

[bet! 
(26) 

house 
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[yasar bet ] 
(27) 

thatched house 

The underlined words that are illustrated above are sub-phrases. What is 

given in (26) consists of one head word /bet/. This head word helps to 

uniquely identify the phrase type. However (27) is comprised of one head 

word /bet/ and one more noun phrase /yasar/ that is complementizer of 

the head word. Hence, we can derive the following rules from these noun 

phrases : 

Rule (3) 

Rule (4) 

SNP -7 N 

SNP -7 NP + N 

A main noun phrase (MNP) is composed of a sub-phrase and some 

additional words or phrases as modifier. 

[tallaq bet] 
(28) 

big house 

The main phrase given in (28) is consists of a sub phrase /bet/ and an 

adjective /tallaq/ as a modifier. It can be represented with rule (5), as 

shown below. 

Rule (5) MNP -7 ADJ + SNP 

[t8ll8q yasar bet] /Yesterday's big thatched house. / (29) 

big yesterday's house 

[yatanan8tu tallaq yasar bet] /Yesterday's big thatched house. / (30) 

yestrady's big thatched house 

[hulat t8ll8q yasar bet] /Two big thatched houses . / (31) 

1\vo big thatched house 
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In (29), (30) and (31) main phrases are indicated in side the brackets, of 

which the sub phrases are underlined. A main phrase has structures, 

which are shown in rules (6) , (7), and (8) . 

[t8118q yasar bet] 

NP [Adj [t8118q SNP [yasar bet]] 

Rule (6) MNP -7 ADJ + SNP 

[yatanan8tu ta1l8q vasar bet] 

NP [ NP [yatanan8tu] Adj [ta1l8q] SNP [vasar bet]] 

Rule (7) MNP -7 NP + ADJ + SNP 

[hulat tallalaq vasar bet] 

NP [Quant [hulat] Adj[t8118q] Np[Vasar bet]] 

Rule (8) MNP -7 Quant + ADJ + SNP 

MNP -7 NP + ADJ + SNP 

3.4.3.Verb Phrase 

In Amharic, there are action verbs, which don't take any object as 

complementary to form a sub verb phrase (SVP). These verbs are called 

action verbs with out object complement (AVO). 

dawit [alaqasa] /Dawit cries./ (32) 
Dawit cries 

In (32), a sub verb phrase is both underlined and enclosed with brackets. 

Rule (9) SVP -7 AVO 
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However, there are some action verbs that take complementary words or 

phrase as object of the verb. Those verbs, which take noun phrase as 

complementary, are called transitive verbs (TV). 

dawit [m8saw8n biilla] /Dawit ate his lunch./ (33) 

Dawit his lunch eat 

The transitive verb /biilla/ in (33) takes the NP /m8saw8n/ as an object. 

Rule (10) SVP-7 NP + TV 

Sometimes transitive verbs might take two objects as complement of the 

verb. 

dawit [lii.kasa mas' 8haf sat'aw] /Dawit gave a book to Kasa ./ (34) 

Dawit to Kassa book give him 

In (34), a complement PP / lii.kasa/ which is the indirect object precedes 

the direct object NP /mas·8haf/. 

Rule (11) SVP-7 PP + NP + TV 

Even though intransitive verbs (IV) don't take NP as an Object, lhey can 

take PP as complement of the verb. 

dawit [wada s8ra heda] /Dawit went to work. / (35) 

dawit to work went 

In (34) the sub phrase consists of /heda/ as head word and PP /wada 

s8ra/ as complement. 

Rule (12) SVP -7 PP + IV 

Like the other phrases the main verb phrase (MVP) will be formed from 

sub verb phrase and some additional words or phrases as a modifier. 

dawit [zare hulat bare giiza] /Dawit buys two oxen . / (36) 

Dawit today two ox buy 

Rule (13) MVP -7 N + N + SVP 
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The sup phrase in (36) is modified with the nouns 'zare' and 'hulat'. 

Consider the following examples. 

dawit [batolo wada sara heda] /Dawit went to work quickly. / (37) 

Dawit quickly to work went 

Rule (14) MVP~ ADV + SVP 

dawit [kasa s81atamii.ma wada sara aliihedam] (38) 

Dawit Kassa as sick to work didn't go 

/Dawit didn't go to work, as kassa is sick. / 

Rule (15) MVP~ S' + SVP 

Jajoccu [tanant bamkina [wada gonadiir hedu] (39) 

The boys yesterday by car to Gondar went 

/The boys went to Gondar on yesterday by car. / 

Rule (16) MVP~ N + PP + SVP 

In (37), (38) and (39) the sub-phrases are modified with noun phrases, 

adverbial phrases, dependent sentences, and noun phrases along with 

prepositional phrases respectively. Such syntactic structures are 

summarized in rule (14), (15) and (16). 

3.4.4.Adjectival Phrase 

Like other phrases that we have discussed above, adjectival phrases can 

be made from sub and main phrases. The sub phrase consists of either 

the h ead adjective alone or the head word with other constituent. 

dawit [siinniif] naw /Dawit is lazy. / (40) 

Dawit lazy is 

dawit [saw fari] naw /Dawit is afraied of human being) (41) 

Dawit human a fraid is 
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The underlined words in (40) and (41) are sub adjectival phrases 

(SADJP). They include an adjective jsilimaIj in sentence (40) and a noun 

and an adjective Isaw filii I in (41). The structures are summarized in 

rule (17) and (18). 

Rule (17) SADJP ~ ADJ 

Rule (18) SADJP ~ N + ADJ 

The main adjective phrase (MADJP) is comprised of sub phrase and 

prepositional phrases, as shown in (42). The structure is formulated in 

rule (19). 

dawit [ondawand8mu saw filii) naw 
Dawit like his brother human afraid is 

Rule (19) 

/ Dawit is lazy like his brother. / 

MADJP ~ PP + SADJP 

(42) 

Adjectival phrase can be constructed with a sentence and an adjective, 

as shown in (43). 

dawit [kawand8mmu y8bal8t' saw fari) naw 
Dawit from his brother greater human afraid is 

/Dawit is shy than his brother. / 

The structure of (43) and the rule derived is given below. 

dawit MADJp[s·[kawand8mu y8baJatJ SADJP[sawu fari]l naw 

Rule (20) MADJP ~ S' + SADJP 

(43) 

Sometimes an adjectival phrase may be preceded by a determiner, which 

is represented in rule (21) . 

62 



dawit [biH'am anda wiindamu saw fiiril naw 

Rule (21) MADJP -7 Determiner + PP + SADJP 

3.4.5.Prepositional Phrase 

In order to construct a sub prepositional phrase (SPP), it requires at least 

an NP as the complement in addition to the preposition. 

dawit [lakassa] naggiiraw 
Dawit to Kassa tells 

/ Dawit told (to) Kassa. / (44) 
I-

dawit [wada bet] head / Dawit went (to) home. / (45) 
Dawit to home went 

In (44) and (45), the PPs in brackets consist of a preposition (i.e. /wada/ 

or /la/ ) and an NP (i.e. /bet/ or /kasa/) respectively. The structure is 

formalized as rule (22). 

Rule (22) SPP-7 PRE + N 

There are cases where a prepos ition a ppears after an NP, as shown in 

(46) below. It is called post position (POP). 

dawit [bet wast' ] aHa /There is Dawit inside the house. / (46) 
Dawit house inside there is 

The preposition /wast'/ comes after the NP /betf. 

Rule (23) SPP-7 N + POP 

Sometimes a PP is preceded by another preposition as a complement. 

dawit [kawiindamu gar] head / Dawit went together with his brother. / (47) 
Dawit rrom his brother with went 
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The sub-phrase, which is underlined In sentence (47), takes a 

preposition /ka / as a complement. 

Rule (24) SPP7 PP + POP 

In order to construct a main PP (MPP), the sub phrase will be modified 

with another preposition. 

[kaangat biilay] / above the neck. / 
from neck above 

[onda qabii.ro bagudgWad] / like a fox in a hole. / 
like a fox in the hole 

(48) 

(49) 

The underlined words in (48) and (49) are main phrases, which are 

modified by PPs that precede them. 

Rule (25) MPP7 PP + SPP 

3.4.6.Adverbial phrase 

In adverbial phrases, the sub phrase consists of only a head word, which 

is an adverb. 

dawit [kofunna] tammii.ma / Dawit is seriously sick. / (50) 
Dawit serious ly sick 

The underlined word in brackets is a sub phrase consisting of an 

adjective. 

Rule (26) SADVP7 ADV 

The main phrase in an adverbial phrase is constructed by modifying the 

sub phrase with a PP, as shown in sentence (51) and Rule (27). 
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dawit [3nda abbatu k3funna) tammiima 
Dawit like his father seriously s ick 

I Dawit is seriously sick like his father. I 

j 3nda abbatuj is a PP that modifies the sub phrase jk3funnaj. 

Rule (27) MADVP-7 PP + SADVP 

(51) 

The main phrase could be further modified by preceding the PP with a 

determiner. 

dawit [bat'am 3nda abbatu kafunna) tammiima (52) 
Dawit very much like his father seriously sick 

IDawit, very much like his father, is seriously sick. I 

The determiner j biit'amj is inserted before the PP j 3nda abatuj in (52). 

Rule (28) MADVP -7 Determiner + PP + SADVP 

3 .5. Sentence in Amharic 

A sentence in Amharic is a combination of two types of phrases: noun 

phrases and verb phrases as sh own in (53). 

S [NP [Quant [hulat) Adj [t3lla13q] N[13jOCC)) 

MVP [N [t3nan3t) svp [MPP [pp [b3m3kina) spp [wada gon3dar]IV [hedu)])) (53) 

Rule (29) S-7 NP + VP 

Amharic sentences are classified into simple and complex sentences. 

When the sentence only has one verb, it is called a simple sentence 

(Getahun, 1995). For example, 

S [NP [wanbiiru) TV [tasabbiira)) (54) 

S [NP [dawit) VP [pp [lawand3mu) NP [ganzab) VP [lakiillat)]) (55) 
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S [NP [dawit] VP [pp [kawand8mu] pop [garll IV [hedaJJJ (56) 

Complex sentences contain complex noun phrases and/or complex verb 

phrases. A complex noun phrases comprise of dependent sentence as 

complement and sub noun phrase (Getahun, 1995). 

NP Is' [NP [dawit] VP [cv yasabarawll SNP [yasiik81a b8r8c'8qo]] (57) 

NP Is' [NP [dawit] VP [NP [tBnant] VP [cv yasabiirawll 
SNP [yasiik81a b8r8c' 8qoll (58) 

In (57) and (58) the subordinate or the dependent sentence is made up of 

a noun phrase and complementized verb. 

Rule (30) MNP-7 S' + SNP 

A verb phrase is considered as a complex phrase when it comprises more 

than one verb, or one or more sentences. Like a complex noun phrases, 

the sentences are dependent (Getahun, 1995). 

svp[s' [NP [dawit] VP [b8r8c' 8qo 8ndsabbiira]ITv [sammaccll (59) 

The dependent sentence found in (59) uses as a complement of the 

transitive verb. Even though the example in (59) is a sub phrase, it is a 

complex verb phrase as the transitive verb is complemented by a 

sentence. 

Rule (31) SVP-7 S' + TV 

In Amharic, there are times when we find two dependent sentences 

within one verb phrase (Getahun, 1995). For example, 
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MVP Is' [NP [dawit] VP [pp [kagondar] VP [8ndamat'a]]] 

sVP[S'[NP[ a lam]vp[pp[wada nazz8ret]vp[ 8ndahedacc]]]vp[ sammalJ (60) 

Th e two dependent sentences in (60) are the subordinate sentence that 

modify the sub verb phrase and the bound senten ce tha t complements 

the transitive verb. 

Rule (32) MVP7 8' + 8VP 

In the above case, the NP in the subordina te sentence modifying the sub 

verb phrase can be deleted becau se it is a lready described in the VP 

/ 8n 8da mat'a/. For example: 

VP Is' [vp [pp [kagondar] VP [8ndamat'a]]] 

VP[S[NP[ a lam ]vp[pp[wada nazz8ret]vp[ 8ndiihedacclJ ]TV[ sammalJ (61) 

Rule (33) 8'7 PP + VP 

It is a lso possible to construct complex noun phrases and complex verb 

phrases by using complex adjectival phrases. An adjectival phrase 

becomes complex whenever it contains a rela tive clause (Getahun, 1995). 

MADJP[S' [NP [ ] VP [pp [kaalam] VP [yabiillat'acc]]] ADJ [kon8jolJ (62) 

What is given in (62) is complex adjectival phrase that consists of a 

sentence and adjective. 

Rule (34) MADJP7 8 ' + ADJ 
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As a complex adjectival clause is not a complex sentence by itself, it 

must be attached to the noun phrase or the verb phrase (Getahun, 

1995). 

[kiialiim yiibiilliit'iiee konojo] lOj kiigondiir miit'aee 

alomaz [kiialiim yiibiilliitiiee konojo] niiee 

(63) 

(64) 

The complex adjective in brackets attaches itself to the noun phrase /lOj/ 

in (63) and verb phrase /niiee/ in (64). 

As we stated earlier, a complex sentence can be comprised of a complex 

noun phrase. 

s[Np[s'[N[dawit] cv[yiigazzawJ] N[miikinaJ] 

SVP [N [zare] TV [tiigiilliibiit'J:!]]] (65) 

For example, (65) is a complex sentence consisting of one sub verb 

phrase and one complex noun phrase. 

The second a lterna tive to construct a complex sentence is by making the 

verb phrase complex. 

S [NP [dawit] 

svp[s' [NP [aliim] VP [NP [bet] cv [ondiisiiraeeJ] TV [siimotowalJ] (66) 

For example, the complex sentence given in (66) consists of one complex 

verb phrase and one sub noun phrase. 

The last alternative is to make both phrases complex. 

S [NP[S' [NP [ ] SVP [pp [kiigondiir] cv [yiimiit'ae8w]]] N [lOj]] 

svp[s' [NP [dawit] cv [ondiiwiidiidatJ] TV [awiiqiiee]]] (67) 
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The illustration given in (67) contain s both complex noun phrases and 

complex verb phrases. 

Baye (1986) classifies Amharic sentences into declarative, interrogative, 

negative and imperative sentences . However, in this s tudy we only 

examined the declarative sentence. 

3.6. Amharic Structural Ambiguity 

Structural Ambiguity is the most common type of ambiguity in Amharic 

senten ces. Structural ambiguity occurs when a constituent of a structure 

has more than one possible pos ition. Getahun (2002) identified some 

sources for structural ambiguities, including loca tive genitive, n oun 

phrases with adjectival modifier s, scope of determiner, conjoined 

structures, different relativized position, and different deep structures of 

PP's . Based on Getahun's work (2002), which is the only source that is 

found relevant to our research problem, we summarize the following 

categories of sources of structural ambiguities. 

1) Locative genitive 

Locative genitive becom es s tructurally ambiguous whenever the genitive 

noun phrase refers eith er only the n ext word only or the whole noun 

phrase. 

1. yii - abiisa tarik astamari (68) 
of - Abyssinia - history teacher 
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(a)'A person who teaches Abyssinian history.' 

(b) 'An Abyssinian who teaches history.' 

There is ambiguity in sentence (68) because the con stitu ent /tarik/ 

'history' can be grouped in more than one way such as 2a and 2b. 

2a. NP INP Iya - abasa tarikl NP lastfunarill 

2b. NP Iya - abasa IN INP Itarik] NP I astfunari]]] 

'Abyssinian history teacher' 

'An Abyssinian who teaches 

h istory' 

Thus, /tarik/ 'history' can occurs as the head of the genitive NP / ya -

abasa tarik/ or as complement of /astfunari/ 'teacher' in /tarik 

astfunari/ 'history teacher'. 

The above examples illustrate that genitive NPs are one source of 

structural ambiguity, for every genitive NP of the type: I ya NP NP NP] 

can have either of the following realization: 

a . [ya NPI NP2] NP3] 

b. Iya NPI INP2 NP3] 

In case of (a ) NP3 is considered as head of the phrase while NPI and NP2 

are con s idered as modifier of the head . The modifiers form rule 35 

Rule (35) NP-7 GNP + NP2 

And the main noun phrase would be: 

Rule (36) MNP-7 NP + NP3 
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In order to realize the second (type b) structure, the second NP (NP2) 

must be genitive NP. 

(b). [ya NPl [ya NP2 NP3] 

Hence, NP3 is considered as head of the phrase but NP2 is its 

complements while NPl its modifier. 

Rule (37) SNP-7 GNP + NP3 

Rule (38) MNP-7 GNP + SNP 

2) Noun phrases with adjectival modifiers. 

fat't'an faras galabi (alOne who rides a fast horse. (69) 

fast horse rider (bl A fas t person who rides a horse . 

In (69), the adjective jfat't'anj 'fast' can modifY jfarasj 'horse' or jfaras 

galabij 'horse rider'. In the former case, the phrase has the following 

structure . 

NP [NP2 [fM't'an faras] NPl [galabill 

Rule (39) NP-7 NP2 + NPl 

'One who rides a fast horse ' 

In the latter case, if the adjective modifies the noun phrase j faras galabij 

the structure becomes: 

NP [ADJ [fat't'an] NP [faras galabill fA fast person who rides a horse' 

Rule (40) NP-7ADJ + NP 

3) The scope of Determiner 

The scope in which a determiner relates to the constituents in adjective 

phrase can cause different interpretations . 
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1. bat'am tolloq saw fiiri 
(70) 

vcry big person fearful 

(a) One who is afraid of a very big man. 

(b) One who is afraid of a big man very 

much 

In the constituent [bat'am ADJ NPI NP2], the head of NP2 is a 

participle, Ibat'aml 'very' can modify [AdjPd, as in (2a). 

2a. SADJP [NP [ADJP [bat'am tOlloq] saw] fiirill 'One who is afraid of a very 
big man.' 

Rule (41) MNP~ ADJP + N 

Rule (42) SADJP~ MNP + ADJ 

When Ibat'aml 'very' is considered as the determiner of the entire 

structure [ADJP NPl NP2], it is interpreted as (2b). 

2b. SADJP [bat'am [ADJP [NP [tOilloq saw] fiirill 'One who is afraid of a big 

man very much.' 

Rule (43) ADJP~ NP + ADJ 

Rule (44) SADJP~ Determiner + ADJP 

The ambiguity in constituent (70) is resulted from the scope of the 

determiner IbM'am I, which may specify the entire NP or the ADJP in it. 

4) Conjoined structures 

Take the following conjoined structures as illustration. 

1. waft'at wand-oee anna set-oee 

young man - pl and women-pl 

(71) 

(a) young boy and young girls 

(b) young boys and women 
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When the adjective /wiit' at/ modifies the entire phrase, we have the 

following structure: 

NP [wiit' t' at N [wand-occ anna set-occll 'Young boy and young girls' 

Rule (45) NP-7 ADJ + [ NPI + NP2 ] 

But if the a djective only modifies the first conjunct, we will get the 

following s tructure: 

NP [NP [wiit' t' at wiind-occ] anna NP [set-occ]] 'Young boys and women' 

Rule (46) NP-7 NPl + NP2 

Therefore, a conjoined NP can have either of the following representation 

and the associated readings, 

(a) [Modifier [NPI anna] NP2]] 

(b) [Modifier NPl] anna [NP2ll 

5) Different relativized position 

It is another cause of a sentence's having two different readings , 

anbiisa yii - giiddiil-ii-w giibiire (72). 

lion camp killed-3mss-3mso farmer 

(a) A lion that has killed the fanner 

(b) The farmer that killed the lion. 

Two possible interpretations of sentence (72) are illustrated in Figure 3,1, 
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~ ~ yii 

r 
ei 

v 
~ 

ei 

;\ r v 
~ anbiisaj 

giiddii.1-iii-Wj 

Figure 3.1 Different Relativised Position 

As shown in Figure 3.1 , th e relativised position is different between 

reading (a ) and reading (b), since it is a complement that is relativized in 

(a ), and a subject that is relativzed in (b). 

6) Different deep structures of PP's 

The last category of ambiguity relates to structures derived from different 

deep structures of PP's with a s imple NP or a genitive NP complement. 

For example, 

kii - fiiqadu y8 - biilt' yii - getacciiw Jaj gobaz niiw (73) 
from - Fedadu 3ms-better of Getachew son cleaver is 

(a) Getachew's son is cleverer than Fekadu. 

(b) Getachew's son is cleverer than Feka du's (son) 
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Figure 3 .2 Different Structure of Preposition Attachment 

Figure 3.2 exhibits two possible structures of sentence (73) . The 

preposition / ka/ takes a simple NP complement in (a) whereas it takes 

an NP complement consisting of a head and a genitive NP determiner in 

(b) . 
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CHAPTER FOUR 

DATA PREPARATION AND MORPHOLOGICAL ANALYSIS 

This chapter describes data preparation and morphological analysis to 

support the development of a parser. It first introduces the data 

preparation process in detail; then describes the algorithm and resources 

for morphological analysis; and finally presents a simple morphological 

analyzer developed for this study. 

4.1. Data Preparation 

4.1.1.The Sample Sentences 

For the purpose of this study, 400 Amharic sentence~ were collected from 

three widely used grammar books of the Amharic language. Among them, 

50 were structurally ambiguous sentences. They were selected from the 

following books: "yii amarigna siiwasiiw" / Amharic Grammar/by Baye 

(1987), "yii amariiia siiwasiiw biiqiilal aqiirariib" / Amharic Grammar 

simplified Approach/ by Getahun (1995) and "Amharic for Beginners" by 

Frydenlund and Svensen (1998). All of the books were prepared with the 

purpose of serving as references for teaching Amharic language at 

tertiary and secondary levels, respectively. The books were selected as 

our references because they claimed to cover all the grammatical rules of 

Amharic. Ambiguous sentences were constructed based on patterns 

discovered by Getahun. The sentences were selected randomly but with 

careful judgment by the researcher. 
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The sample sentences were first transcribed into Phonemic symbols 

according to the standard set for representing Amharic fidels (Appendix 

2). They were then tagged manually in order to develop a HMM (Hidden 

Marcove Model) tagger. As the tagger only accepts text files (ANSII code), 

some characters in the transcribed sentences would be expected to 

reflect some changes. Amharic Phonemic symbols listed in the first 

column of Table 4.1 are not text supported. For example, the symbol '0' 

stands for palatal sound; 'cc' stands for a more or less unique character 

of Amharic, which represents a velar explosive sound and 'ii' has already 

been used for representing the usual nasal sound 'n'. 

Original Phonemic Transcribed Phonemic 

symbols symbols 

'0' '?' 

'c' '~' 

'cc' 'c;c;' 

'n' 'ii' 

'&' Ish' 

'i' 'zs' 

Table 4.1 Mapping between Amharic Character and Latin Characters 

The text file would change the palatal symbol, which is '0' while the rest 

are changed deliberately by the researcher with some other symbols in 

the right side of the table that are text and Microsoft visual studio 

supported. The parses of some sample sentences were extracted from 

Baye (1987) and Getahun (1995) and other sentences were parsed 

manually by the researcher and two students from Ethiopian Language 
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Studies to identify phrase structure rules of the language. The parses 

were finally revised based on comments and suggestions from the 

linguistic advisor of the thesis. Disambiguation rules were developed 

based on 320 sentences (80% of the sample sentences) . These sentences 

were selected randomly as the training set and the remaining 80 

sentences were used as the test set (Appendix 3). 

4.1.2. Pre-processing 

A pre-processor prepares a text file for the morphological analysis. It 

incorporates a sentence and word splitter, which operates by reading a 

text from a file, determining sentence boundaries of the text and 

verticalising the sentences in the text. The sentence extraction routine is 

described in Figure 4 . 1. 

1. Initialize a variable, input String, with all the text in a file; 

2. Initialize Sentence Counter variable with 0; 

3. Do until the end of a file 

Do until the end of a sentence 

t. Starting from the first character in Input String, extract 

all the characters up to and including the hash mark 

(#), which is a sentence delimiter. 

!t. Assign the extracted substring to a variable, input 

sentence. 
!!t. Increase the Sentence Counter by one 

w. Display the extracted sentence. 

Figure 4. 1 Sentence Extraction Routine 
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A verticalised sentence is further processed, during which word 

boundaries are identified and each word of the sentence is verticalised. 

For example, the vertica l sed result of the sentence: 

dawit kasa yiiyaziiwn addis borsa adiiniiqii # 

is as follows: 

dawit 

kasa 

yiiyaziiwn 

addis 

borsa 

adiiniiqii 

# 

The word extraction routine is illus trated in Figure 4.2. After words are 

lexicalized they a re passed to a morphological analyser. 

1. Initialize an array variable to hold multiple words 

2 . Initialize a string variable with the text in a file 

3. Do until a sentence delimiter is found 
a. Do until a word delimiter is found 

i. Extract one character 
b. Put a word in the array declared. 
c. Write the extracted words to an output file 

4. Perform stemming on the extracted words. 

Figure 4 .2 Word Extraction Routine 

4 .2 . The Morphological Analysis 

Morphological analysis is one of the most essential NLP components in 

the development of a sentence parser. There are a number of approaches 
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employed in computational morphology. As discussed in Kazakov and 

Munandhar (2000), some of these approaches are based on concepts in 

automata theory, probability, principle of analogy, and information 

theory. Kazakov and Munanadhar (2000) broadly classify morphological 

analysis methods into rule-based and corpus-based approaches. 

A rule-based approach is adopted in this study. The rules were compiled 

based on the theory of morphology developed by Amharic language 

experts. The approach incorporate sophisticated linguistic theories into 

the process of computational morphology. Therefore, the system is 

expected to be more accurate and produce a better result than those 

applying little or no linguistic theories. 

The morphological analyzer runs at the back-end of the parser. Figure 

4.3 describes the morphological analysis algorithm. The algorithm was 

developed based on findings from previous studies on the Amharic 

language. 

1. Call the stemmer Function for each word in the 
sentence 

2. Get the stem of each word 
3. Call the POS tagger 
4 . Get the POS tag and the prefix, infix and suffIx of a 

word 
5. Call the updating function to update the category 

output of the tagger 

Figure 4.3 An algorithm for Morphological Analysis 
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The morphological analysis algorithm incorporates three components, 

including a stemmer, a part of speech tagger and a category updating 

function. 

4.2.1. The stemmer 

The function of a stemmer is to extract a free morpheme from a word. 

Then the free morpheme stem passes to a morphological part-of-speech 

tagger, which is the second component of the morphological analyzer. 

Amharic belongs to the inflectional language, in which most of the words 

consist of a stem and an affIx. Therefore, it is highly recommended to 

incorporate a stemmer in the system to increase the performance of a 

tagger. For instance, a word consisting of a single morpheme e.g., jbarej 

'an ox', as mentioned previously, is very likely to be attached with affIxes 

such as janda-j, j-woeej, j-woeeuj, j-woeeej. If the word was not 

stemmed, the lexicon of a tagger would have to list all the variants of 

jbiirej, including j iJndiibiirej, jbiirewoeej, jbiirewoeeuj , and 

jbiirewoeeej. With the help of a stemmer, there would be only one 

morpheme (stem) jbarej 'ox'. As a result, the lexicon only needs to store 

the stem entry (Le ., jbiire/) . 

Another potential advantage of performing word stemming is to reduce 

unknown words to a tagger. For instance, a tagger that can recognize the 
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word /yaza/ '(he) holds' as a verb 'V' may tag /yayazawun/ 'that (he) 

holds' as an unknown category 'UNe', which is actually an inflected form 

of the former word. 

The stemmer component incorporated in this study is based on 

algorithm developed by Nega and Willett (2001) . It was the intention of 

the researchers to incorporate Nega's and Willett's stemmer as it is. 

However, the text they used is transcribed using Serra and also there is 

incompatibility with our system as they are used Pascal programming 

language. 

The stemmer component (Nega Alemayhu and Peter Willett, 2001) 

incorporated into our system is context-sensitive. Before it removes an 

affIx string, it checks whether the string is part of the stem by 

considering the remaining string. There may be ambiguities in stemming 

a word. Some strings that seem like an affIx may not function as prefIx or 

suffIx in a word . For example, 'pre' from 'present' and 'y' from 'lady' in 

English. In Amharic, removing the prefIx /la/ 'to' from /liimliim/ 'green' 

and the suffIx /ta/ from /amtata/ '(he) makes confusion' would generate 

over-stemming result . 
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In order to make the stemmer context sensitive, Nega and Willet 

developed two action codes and five conditional rules. The two contexts 

sensitive actions are: 

• Al: do not perform any affix removal; 

• A2: remove a shorter form afflx; 

The five conditional rules are : 

• Cl: list characters that follow a specified affix. In the case of 

prefixing, this condition helps to find a place where a vowel elision 

occurs at morpheme boundaries, and to protect the terminal 

consonants from being removed. 

• C2: list characters that precede a specified affix. The condition 

helps to protect the terminal consonant from being removed, for it 

is not a genuine sufflx. 

• C3: list consonant characters of words whose beginning characters 

belong to the list of prefix. This condition helps to protect the 

removal of non-genuine affixes from specific words and their 

variants. 

• C4: consider a minimum stem-length condition for a specified affix. 

The stem length involves both vowels and consonants. The 

condition is used to reduce over-stemming. 

• C5 : The condition combines any of the above. 
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• Affixes that do not have any associated condition(s) are removed; 

otherwise, conditions CI-CS are checked and one of the appropriate 

actions, Al or A2 , would be taken. Some examples of the context-

sensitive rules that were developed are listed in table 4.2. 

Affix Context Actions Sample words 

'ya'- CI: 'wuna' Al yawuna 

Else A2:remove 'y' yat'abkutn, yamat'ahutn 

'Ia'- CI: 'b' Al lab 

Else A2: remove 'I' lababa, lamat'a, lamt'a 

'as'-, 'at'-, CI: vowels Al asa, a to, sto, aya,ayu 

'st'-, 'ay'- (a, U, i, a, e, 8, a) 

-'at' C2: lam , sab, sor Al lomat, sabat, sorat, 

'ka'- C3: klkl, ktm, k'sk's Al kalakala, katama, 

qasaqasa 

'ba'- C3:bll Al ballaw, balla, 

_en' C3: hS'n, c'kn, mn, wn Al h os'an, c'8k'un, omun, 

awun 

-'nat' C3: mnt, wnt A2: remove omnat, awunat 

'at' 
-'at' C4: length < S A2: remove 't' tOgat, 

-'at', _It' CS:[(C2 a vowel) or Al sorat, tgat, hulat, sost, 

(length < S lor (C3: hit, art, arnst, sabat, somnt 

sst, rt, mst, sbt, smnt)] 

Table 4.2 Example of Context-Sensitive Rules 
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When checking for condition three (C3), only the root (consonant) of a 

word is considered, for different forms of the same word vary in their 

vowels . For instance, verbs in the following sentences differ in their 

vowels only: / qasaqasa/ 'he awake', / q8sqasa/ 'awakeness', / qasaqaso / 

'after he awake', / qasq8sa/ 'after she awake', / qasaqasu/ 'They awake'. 

Such a method allows detecting many words with similar leading strings. 

The stemmer is comprised of three subroutine components: prefIx 

remover subroutine, infIx remover subroutine, and suffIx remover 

subroutine. An algorithm shown in fIgure 4.4 depicts how the 

subroutines interact with one another. 

1. Do until end of a sentence 
a. Get a word 
b. Pass it to prefix removal subroutine component 
c. Get a string from the prefix remover subroutine 

component 
d. Pass the s tring to infix remover subroutine 

component 
e. Get a string from the infix remover subroutine 

component 
f Pass the s tring to sUffix remover subroutine 

component 
g. Get the stem of a word 

2 . Tag the word with a pari-oI-speech. 

Figure 4.4 The Stemming Algorithm 

The PrefIx removal subroutine algorithm described in fIgure 4.5 removes 

the prefIx of a word by referring to a list of prefIxes and context sensitive 

rules. For example, the output of the following verticalised words with 

their prefIxes being removed is listed as follows: 
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INPUT OUTPUT 

dawit dawit 
kasa kasa 
yayazawn yazawun 
addis addis 
borsa borsa 
adanaqa adanaqa 
# # 

1. Get a WORD and count the number of radicals (or consonant) in WORD; 
2. If the number of radicals < 3 THEN stop and return WORD; 
3. If length (WORD) <= (MAXPP+2) THEN assign the first length (WORD)-2 

Characters to a temporary prefix, TEMPP; 

ELSE assign the firs t MAXPL characters to TEMPP (were MAXPL is 
the length of the longest prefix in the list); 

4. Find TEMPP in the prefix list; 
5. IF found THEN 

IF context sensitive THEN check the context-sensitive rules cl-c5, apply 
al or a2 and GO TO 7 

ELSE GO T06 

ELSE 

iF length (TEMPP) > 1 THEN assign length (TEMPP)-l characters to 

TEMPP and GO TO 4 

ELSE return WORD 

6. Remove Prefix 

7. IF number of radicals of WORD >3 or length (WORD) > 4 THEN GO TO 
1 ELSE GO T02 

Figure 4.5 The PrefIx Removal algorithm (Developed by Nega and Willett) 

The infIx removal subroutine algorithm given in fIgure 4.6 removes the 

infIx of reiterative verbs like j tasababbaraj 'broken again and again'. 
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1. Get the word from prefix removal component and cheek whether the 
third and the fifth consonants are identical; 

2 . If they are identical, remove the third and the fourth characters; 
3. Pass the word to the suffix removal function 

Figure 4.6 The InfIX Removal Algorithm Developed by Nega and Willett 

Itera tive verbs are verbs that double the initial character (S I b2b2r3) of the 

two identical consonants found in the middle and place a vowel 'a' 

between the doubled consonants (slb2ab2b2r3) (Nega and Willett). The 

prefIX removal function first removes the prefIX /ta/ and passes it to the 

infIX function. The infIX removal function then returns the basic verb 

form /sabbiira/ '(he) broke' by removing the first consonant of the 

doubled consonants a long with the fourth vowel, which is /ba/. This 

basic verb form will be submitted to the suffIX removal subroutine , given 

in figure 4 .7. 

The suffIX removal routine removes the suffIX and passes the final stem 

to the part of speech tagger. For example, for the previous output of the 

prefIX routine, the suffIX routine generates the following output: 

INPUT OUTPUT 

dawit dawit 
kasa kas 
yazawn yaz 
addis addis 
borsa borsa 
adanaqa adanaq 
# # 
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1. Get WORD and count the number of radicals (or consonant) 

2 . IF number of radicals < 3 THEN stop and retum WORD 

3. IF length (WORD) < (MAXSL+2) THEN assign the las t length (WORD)-2 

Character to a temporary suffix, TEMPS 

ELSE assign the last MAXSL characters to TEMPS (were MAXSL 

is the length of the longest suffix in the list) 

4. Find TEMPS in the suffix list 

5. IF found THEN 

IF the ending requires recoding THEN recode and GOTO 1 

ELSE 

IF context sensitive THEN checks the context-sensitive rules cl-c5, 

apply al or a2 and GO TO 7 

ELSE GO TO 6 

ELSE 

IF length (TEMPS» 1 THEN assign length (TEMPS)-l characters to 

TEMPS and GO TO 4 

ELSE retum WORD 

6. Remove sUffix 

7. IF number of radicals of WORD >2 or length THEN GO TO 1 

ELSE GO T02 

Figure 4.7 the Suffix Removal Algorithm Developed by Nega and Willett 

4.2.2.The Part-of-Speech Tagger 

It is not an easy task to find an appropriate tagger that can be used as 

the back-end of the parser, for there is only one part of speech (POS) 

tagger developed by Mesfin (2001) that is publicly available. In his study, 

he used a tag set of 24 tags (categories) including unknown category. To 

handle unknown words and to identifY the category of each word, he 

used the Viterbi algorithm. The prototype tagger was developed using the 

Stochastic Hidden Markov Model approach. It relies on four tables in a 
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database, namely word code table, category code table, lexical probability 

table, and transitional probability table. The performance of the tagger on 

a small sample Amharic text (a page long), was high, reaching 97% on 

the training set and approximately 90% on the test set. 

In this study, it was the intention of the researchers to adopt Mesfin's 

tagger. The tagger was developed at the word level. It requires the system 

to include all forms of a root word in the lexicon, which entails a large 

vocabulary. Accordingly, inflectional language such as Amharic would 

consume a large amount of space. The parts of speech identified were 

sometimes found to be inconsistent with the parser. The aforementioned 

problems were addressed in a modified tagger, which was incorporated 

into the system. 

The required format of input to the tagger was different from the output 

of the stemmer selected in this study. Thus, the content of the database 

used by the tagger was replaced with new data. The word code table was 

changed into a stem code table; the probability values of the lexical and 

transitional tables were also recalculated using new data from the stem 

code table. After making the above changes on Mesfine's tagger, ita is 

incorporated into the system. The changes made to each of these tables 

and the functions that they perform are discussed in detail in the next 

section. 
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4.2.2.1. Category Code Table 

The category code table , as shown in table 4 .3, stores the stem categories 

(POS) as well as the corresponding category code. Totally, 31 categories 

were identified in this study (appendix 4). The 30th and the 31"t tags 

stand for punctuation marks and unidentified words respectively. Most 

of the categories (POS) identified by Mesfine were changed by new once 

and the researchers believe they are as per the grammar rule of the 

language. 

Category Category 
Code 

1 IPP 

, , , , , , , , , , , , , , , , , , 

29 DR 

Table 4.3 Category Code Table 

4 .2.2.2. Stem Code Table 

The stem code table, as shown in table 4.4, was used to store stems 

extracted from the sample texts. Each stem was assigned with a unique 

in sequence. The table contained 972 stems extracted from 320 

sentences. The tagger can only recognize any stems that are listed in the 

stem code table. 
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Stem Stem 
Code 

1 abab 

, , , , , , , , , , , , , , , , , , 
972 ziir 

Table 4.4 Stem Code Table 

4.2.2.3. Lexical Probabilities Table 

This table stores the probabilities of a stem given categories (tags) of each 

stem in a given corpora. The probability was written as P(stem \ tag) or P 

(word\category) or in short as P(Si\Ci). For instance, P(t'iilla\CN) denotes 

the (lexical) probability of / t'iilla/, a common drink, being a concrete 

noun, and P(t'iilla \ TV) denotes the (lexical) probability of /t'iilla/ 'hate' 

being a transit verb. The lexical generation probability was estimated 

simply by counting the number of occurrence of each word for a word 

category. Mathematically, the probability was computed as: 

p(~J = number of times S, appears in category C, (I) 
C, total number of stems with categoryC, 

Such probability values in the lexical tables were calculated using new 

data entered into the stem code table. The lexical probability table was 

shown in table 4.5 . 
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IPP DDP ----- ----- ----- CC DR 

~ ode 
Stem 
Code 
1 0.010 0.012 ----- ----- ----- 0.022 0.036 

0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 
0 

0 
0 0 0 0 
0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 

972 0.021 0.013 -...... - ----- ----- 0.028 0.014 

Table 4.5 Lexical Probability Table 

4.2.2.4. Transition Probabilities Table 

Transition probabilities are denoted by P (C;\C;-l ... Cn) and refer to the 

probability of a category given one or more previous category. For 

insta nce , the probability of a noun to be preceded by an adjective is given 

by P (C; = Noun\C;-1 = Adjective) . Depending on the value orn (which tells 
• 

us the maximum number of categories being considered), we can h ave 

bigram (n = 2), trigram (n = 3) or, in general, an n-gra m transitional 

probabilities. If (n = 2), the model is a bigram model and it is denoted by 

P (C;\C;-J) . If (n = 3), the model is a trigram model and it is denoted by P 

(C;\C;-IC;-2). These models assume that the probability of the occurrence 

of a particular category depends solely on the one or more categories 

immediately preceding it. In practice, given a database of texts tagged 

with parts of speech, the bi-gram or transitional probabilities can be 

estimated simply by counting the number of times each pair of categories 
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occurs compared to individual category counts. Mathematically, this is 

written as: 

p(~J = Count of the number of times C, and C I_I occurs together in the corpus (2) 

C H Number of times C' _I occur in the copus 

Such values in the transitional probability table were calculated using 

the categorical sequence of the data in the stem code table. The 

transitional probability table is shown in table 4.6 . 

~ 
IPP DDP ----- ---- - ----- DR 0 

Code 
Category 
Code 
IPP 0.013 0.003 ----- ----- ----- 0.012 0.062 

, , , , , , , , , , , , , , , , , , , , , , , , , 

, , , , , , , , , , , , , , , , , .. , , , , , , , 

0 0.024 0.022 ----- ----- ----- 0.14 0.034 

Table 4.6 Transition Probability Table 

After a word is stemmed, the tagger starts to tag the stem of a word by 

executing the Viterbi algorithm. The algorithm consists of three steps: 

initialization, iteration, and sequence identification, which is illustrated 

in Figure 4.8. 
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Given word sequenceW, , ... ,WT , lexical categories L, , ... ,LN , lexical 

prObabilitieS PROB(;{ ) , and bigram probabilities PROB (){iJ, 

find the most likely sequence of lexical categories C,' ... ,C,. for the 
word sequence. Where Li is a word category that is preceded by 

(L;., ) word category. 

Initialization Step 
For i = 110 N do 

SEQSCORE (i, 1) = PROB (YrJ x PROB ( LX;;), where L, is a word 

category a t an initial position tha t is not preceded by any word 
(0) 
BACKPTER (i, 1) = 0 

Iteration Step 
For t = 2 to T 

For i = 1 to N 

[

SEQSCORE ~', 1-1 )x J 
SEQSCORE (i ,t)=MAX j:,.N PROB (){j) x PROB ( W;{,) 

BACKPTR (i, 1) = index of j that gave Ihe max above 

Sequence Identification Step 
C (T) = J thaI max imizes SEQSCORE (i, T) 
For i = T - 110 1 do 

C{i) = BACKPTR (c{i + 1) i + 1) 

Figure 4.8 the Viterbi Algorithm from (Allen, 1995) 

The algorithm helps to track the probability of the best sequence leading 

to each possible category a t each position using an (N x T) array, where 

N is the number of lexica l categories (L" .. . LN ) and T is the number of 

words in the sentence (W" ... W,.). The arraySEQSCORE(n,/ ) , records the 

probability for the best sequence up to position t tha t ends with a word 
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1ll category L" . To record the actual best sequence for each category at 

each position it suffices to record only the one preceding category (L;_I) 

for each category and position. Another (N xT) array, BACKPTR, will 

indicate for each category in each position what the preceding category is 

in the best sequ ence at position (t - I). 

4.2.3. Updating the Category (POS) 

Following the identification of part of speech of a stem, each stem will be 

passed to category updating function to check whether its category 

changes when it is reunited with the affix . After a new word category is 

identified, the affix will be a ttached to the stem and assigned to the 

previous word. 

In the updating category function, six additional POS are included that 

were not u sed in the tagger. These POS happens as result of the affixes. 

The whole POS used in the morphological analysis becomes 36 (appendix 

5). 
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Stem Word Sample 
Cat. PrefIx Suffix Cat. Word 
CN E E CN lObs 
TV E a ON sabbiira 

TV as 1 CN astamari 

CN 8nda E PP 8ndabare 

TV E 1 CN tamari 

TV E iihut TV ayiihut 

TV ya awun CV yayazawun 

UNC ya E GNP ya+ CN 
ya + PN 

ya +PERP 

Table 4.7 A Table for Categorical Changes of Inflected Words 

In table 4.7, E stands for empty affIx position. For each word composed 

of a tagged stem and an affIx, if the stem category and the affix match 

th e information in the stem category and affIx columns of the table in a 

given row, the stem category will be updated with the corresponding new 

word category, which becomes the resulting category of the stem and the 

a fflx (s ). When a transitive verb is affixed with one of the verbal prefIx 

such as 'ya' and the suffix 'awn' (e.g. yayazawun) , its part of speech tag 

will be upda ted into a complem entized verb and tagged as a CV 

(yayazawn\CV). Finally, an input sentence is processed into the following 

format, which will be passed to the senten ce-parsin g module: 
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dawit\PERP 

kasa\PERP 

yayazawun \ CV 

addis\ADJ 

borsa\CN 

adanaqa\TV 

#\PUNC 

InfIxes are not incorporated into the Category Updating function, as they 

don't cause change to the category of a stem. 

The pre-processing and the different components of the morphological 

analyser developed for this study have the following relationship shown 

in Figure 4.9. 

Input 

Input 
Preprocessi 

Stemmer 

POS 
tagger 

Updating 
the POS 

Stemming 
Rules 

POS Updating 
Rules 

Figure 4.9 Diagrammatic Representation of the Pre-Processing 
and the Morphological Analysis 
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The input text breaks down into a sentence and then word level by the 

pre-processor and passes it to the morphological analyzer. The 

components of the morphological analyzer first stem and then tag the 

stem part of speech and finally check whether the POS should be 

updated or not due to the reunited of the affixes. 
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CHAPTER FIVE 

A RULE BASED PARSER AND THE EXPERIMENT 

This chapter is the core of this thesis research. Based on the grammar 

rules of Amharic discussed in chapter three and disambiguation rules, a 

rule-based parser is developed. This chapter begins by discussing the 

approaches to designing the parser, and then explains rules used to 

disambiguate structural ambiguities. Finally, it describes experiments 

conducted to evaluate the parser, data analyses, and discussion of the 

findings of the experiments. 

5.1. The Parser 

Words that are morphologically analyzed or output of the Morphological 

analysis system are input of the parser. Parsing a sentence can be 

considered as a procedure that searches for different ways of combining 

grammar rules to find a combination, which represents the structure of 

the sentence. One disambiguation method may return all possible parses 

for a given sentence; we preferred to provide all possible interpretation of 

a sentence and finally we present the correct parse. The parser is built 

based on Amharic grammar rules and a dictionary containing the 

possible grammatical senses of each word. In the following section we 

describe the disambiguation algorithm, the searching and parsing 

strategies, and data structures. 
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5. 1. l.The Active Chart Parsing Algorithm 

Chart parsing is an algorithmic schema based on context-free 

grammars. The basic operation of the chart-based parser involves 

combining an active arc with a completed constituent (inactive arc) in the 

chart, or combining completed constituent with active constituent in the 

chart. The result is either a new completed constituent or a new active 

arc that is an extension of the original active arcs. The active and 

inactive (completed constituent) edges are not added directly to the chart 

but to the agenda. The agenda stores the order of edges waiting to be 

added to the chart. Given that the stack is selected as the data structure 

for agenda, an edge is added to the top of the agenda and consequently 

removed from the top of and added to the chart. The complete algorithm 

is given in figure 5.1 
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1. Repeat until there is no input left: 
A. If the agenda is empty, look up the interpretations for the 

next word in the input and add them to the agenda. 
(initializing the agenda) 

B. Select the top constituent from the agenda (Let's call it 
constituent C from vertex Po to P, ) 

C. Add the selected constituent into the chart 
a . IF the constituent is not in the chart, Then for each 

grammar rule in the form of X --+ CX, ... X" , Then add 

an active arc of from X --+ oCX, ... X" , from vertex 

Po to p, 
1. find any matching inactive edge 

C --+ X l ". X " 0 from the chart 
11. Combine the active and inactive edges 

into X --+ Co Xl .. . X " 

b. For each grammar rule in the form of C --+ Xl ... X" , 

Then add inactive arc of from C --+ Xl ... X" 0 , from 

vertex Po to P, 

i. find any matching active edge X --+ oCXI ... X" in 
the chart 

ii. Combine the inactive and active edges into 
X--+C oX I ... X" 

D. Add any new arcs into the agenda. 
2. Check if the chart contains an inactive edge from the first node to 

the last node that is labeled as "S". IF "yes", succeed. Otherwise, 
fail. 

Figure 5.1 Bottom-up Active Chart Parsing (Allen, 1995) 

In this algorithm, we only need to specify an initial agenda and a set of 

derivation rules. To process the first edge on the agenda, we invoke the 

grammar rule by following fundamental rules, which are described as 

follows: 
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• when adding an active edge from the agenda to the chart 

o take an active edge from the agenda: 

edge (a, a,s ---7 oNP VP) 

o find any matching inactive edge from the chart: 

edge (a ,2,NP---7PERPSNPo) 

o combine the active and inactive edges and add the new edge 

to the agenda: 

edge (a,2,S ---7 NP 0 VP) 

• when adding an inactive edge from the agenda to the chart 

o take an inactive edge from the agenda: 

edge (a ,2,NP---7 PERPSNP o) 

o find any matching active edges in the chart: 

edge (a, a,s ---7 oNP VP) 

o combine the active and inactive edges and add the new edge 

to the agenda: 

edge (a,2,S ---7 NPo VP) 

New edges are continuously being added and then removed from the 

agenda for processing until the agenda becomes empty. When this 

happens , the agenda takes the next edge from the input stream. If the 

input stream is also empty, the parsing is terminated. If one or more 

inactive edges S spanning the whole chart, the given input has been fully 

parsed . In this case, each spanning edge in the chart corresponds to a 

parse. 
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5.1.2.Searching and Parsing Strategies 

A search strategy aims to determine which state or node in a tree to 

expand first. Even though there are some limitations like getting stuck in 

an infinite loop, we employed depth-first search strategy in the parser, 

because it requires moderate working space and it tends to minimize the 

number of backup states, . In this strategy children nodes are expand 

prior to sibling nodes. Correspondingly, the collection of nodes is 

implemented as a stack, in which nodes are added or removed from the 

top of the stack. 

A bottom-up parsing strategy is adopted in designing the parser. In this 

strategy parsing starts from the initial states that are words of the 

sentence and attempts to reach in to the goal state (S) which is a state of 

recognizing the sentence. It takes a sequence of symbols and matches it 

to the right-hand side of rules. In doing so left recursion problem will be 

avoided. The parser is built by formulating the matching process as a 

search process within the grammar rules (state space). A state simply 

consists of a list of symbols, starting with the words in the sentence . 

Successor states are generated by exploring all the possible ways to: 

• Rewrite a word with its possible lexical categories 

• Replace a sequence of symbols that matches the right-hand side of 

a grammar rule with its left-hand side symbol 
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Such an implementation could be extremely expensive because the 

parser would try the same matches repetitively. This problem can be 

avoided by using chart parsing algorithms, which introduces a data 

structure called chart together with agenda. The chart contains partial 

results of the matching that is already done (active or incomplete edges) 

and the agenda stores an order in which tasks are carried out. 

S.1.3.The Active Chart Parser 

As shown in the previous section, we need to add some active edges to 

the chart after applying the fundamental rule. These active edges 

correspond to the rules in the grammar. The rules are invoked and the 

active edges are added in the following order: once an inactive edge is 

added to the chart, find a grammar rule that contains the category as the 

leftmost element on the right-hand side of the rule and add it to the 

chart. 

l.S~ NP VP 
2.NP~MNP 
3.MNP~SNP 
4.SNP~PERP 
5.SNP~CN 
6.VP~MVP 
7. MVP ~ MPP SVP 

8 . MVP~SVP 
9.MPP~SPP 
1O.SPP~PP 
I!. SVP ~ MNP TV 
12. SVP ~ MPP MNP TV 
13.SVP~TV 

Figure 5.2 A Simple Context-Free Grammar 
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Such an implem enta tion could be extremely expensive because the 

parser would try the same matches repetitively. This problem can be 

avoided by using chart parsing algorithms, which introduces a da ta 

structure called chart together with agenda. The chart contains partial 

results of the matching that is already done (active or incomplete edges) 

and the agenda stores an order in which tasks are carried out. 

S.l.3.The Active Chart Parser 

As shown in the previous section, we need to add some active edges to 

the chart after applying the fundamental rule. These active edges 

correspond to the rules in the grammar. The rules are invoked and the 

active edges are added in the following order: once an inactive edge is 

added to the chart, find a grammar rule that contains the category as the 

leftmost element on the right-hand side of the rule and add it to the 

chart. 

I. S~NP VP 
2. NP~MNP 
3.MNP~SNP 
4.SNP ~ PERP 
5 .SNP~CN 
6. VP~MVP 
7. MVP ~ MPP SVP 

8.MVP~SVP 
9.MPP~SPP 
10.SPP~ PP 
II .SVP~MNPTV 
12 . SVP ~ MPP MNP TV 
13.SVP ~ TV 

Figure 5 .2 A Simple Context-Free Grammar 
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For instance, given a grammar as shown in Figure 5.2, we parse the 

following sentence (annotated with part of speech). 

aster\PERP lii.kasa \PP mas'haf \ CN sat'accw\ TV # (1) 

To better illustrate the parsing process, we display the updated chart as 

it is extended after each step of the algorithm. The agenda is initially 

empty, so the word "aster" from position PI to P2 is read and the 

constituent PERP (personal pronoun) placed onto the agenda (step I.A). 

We then check whether it is already recorded in the chart (step I.C.a). 

That is not the case, so we move the constituent PERP from the agenda 

into the chart. As a result, rule 4 (SNP --t oPERF) which is an active edge 

is invoked and added into the chart. Next, we try to apply the 

fundamental rule to the new arc (step I.C.a.i, iiI. The fundamental rule 

combines an active arc with a passive arc that is immediately to the right 

of the active one. Since the arc we are working with is active, we have to 

find inactive arc to the right of, or more precisely, we have to find an 

inactive arc that ends in position 1. There is one; namely, 

(1,2, aster --t PERF 0). We can therefore build the edge (I , 2, SNP --t PERF 0). 

Completing the arc SNP --t PERF 0 causes adding SNP into the agenda 

(step D). Likewise, SNP is added to the chart by selecting it from the 

agenda; consequently the 3,d rule (MNP --t oSNP) is added into the chart. 

Completing arc MNP --t SNP 0 causes moving MNP (main noun phrase) 

into the chart. As a result, rule 2 (NP --t oMNP) and rule 11 
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(SVp ~ oMNP TV) are invoked and added into the chart as an active edge. 

The completion of arc NP ~ MNP o adds NP to the agenda. Finally, NP is 

pushed into the chart, which invokes rule 1 (S ~ oNP VP) and adds it to 

the chart as an active arc (S ~ NP 0 Vp). 

The next word "liikasa" is read from position p2 to p3 and the constituent 

'PP' is entered into the agenda. This constituent is pushed from the 

agenda into the chart. This in turn invokes rule 10 (SPP ~ opp) which is 

entered into the chart. Entering rule 10 into the chart completes arc 

(SPp~pPo). Then the SPP (sub prepositional phrase) constituent is a 

added into the agenda. SPP will be pushed from the agenda and entered 

into the chart. As a result, rule 9 (MPP ~ oSPp) is activated and entered 

into the chart. The completion of arc MPP ~ SPP 0 causes MPP (main 

prepositional phrase) to be entered into the chart. The addition of MPP 

activates rule 7(MVP ~ MPp o SVP) and rule 12(SVP~MPP o MNP TV). 

What has been completed in the chart is shown in Figure 5.3. The chart 

contains two completed constituents: PERP from position 1 to 2 and PP 

from position 2 to 3. 
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NP 
MNP2 (rule 2) MPP2 (rule 13) 

MNPI (rule 12) MPPI (rule 7) 

SNP SPP 

PERP PP 

1 aster 21akasa 3 

Slf1l. ~ l!Elll!. 0 • 
MlVP ~ 8.!:i.l!. 0 • 
!:i.l!. ~ MlVl!. o • 
~~ ~ MlVl!. o Z:~ • 

,~~ !:i.l!. Q ~l!. • 
,~l!.l!. ~ T!.T!. o • 
MET!. :::2 SPT!. 0 • 
MVP:::2 MET!. 0 s.~l!. • 
SVP-4 MPP o MNPTV • 

Figure 5.3 the Chart after Seeing PP in Position 2 

For the next word "mas'haf", constituent CN is entered into the agenda. 

Entering CN into the chart invokes rule 5 (SNP -4 oCN) and ultimately the 

arc SNP -4 CN 0 is completed. The completion of the arc will add SNP into 

the agenda, which will be pushed into the chart. Entering SNP into the 

chart activates new arc (MNP -4 oSNP)in rule 3 and places it into the 

chart. The completion and entering of the inactive MNP edge into the 

chart calls for the application of the fundamental rule. To apply the 

fundamental rule (step l.C. b. i, ii) we have to find an active edge in the 
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chart that starts in position 2. The edge (SVP -tMPP oMNP TV) meets the 

requirement. As a result, the active edge is 

extended (SVP -t MPP MNP ° TV). The completion of rule (MNP -t SNP 0) 

also enters rule 12 (SVP -t MNP ° TV ) and rule 2 (NP -t MNP 0) into the 

chart. Finally, the completion of arc NP -t MNP ° invokes rule 

1 (S -t NP ° TV) and enters it into the chart. 

Similarly the final word is read and constituent TV is entered into the 

chart after being selected from the agenda. This extends the active arcs 

SVP -t MP P MNP ° TV and SVP -t MNP ° TV. Such extension completes the 

arcs and enters SVP1 and SVP2 into the agenda using step (I.e.b.i, iiI . 

Completing SVP2 (sub verb phrase) and selecting it from the agenda 

extends and completes the active arc{MVP-t MPp o SVp). By the same 

way completing and entering SVP1 into the chart invokes and enters rule 

8 (MVP -t oSVP) into the agenda. Entering this edge into the chart 

completes arc{MVP -t SVPo). The completion of arcs MVP -t MPP SVPo 

and (MVP -t SVP 0) enters MVP1 (main verb phrase) and MVP2 into the 

agenda. The insertion of MVP1 and MVP2 into the chart causes rule 9 

(VP -t MVP o) to be invoked and placed onto the chart. Finally, once VP1 

and VP2 are entered, no active arcs are added in step B, The two arcs 

S -t NP ° VPwill be completed in step (b, ii) by the arc extension 
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a lgorithm, which produces two Ss being added to the agenda. The 

complete chart is shown in Figure 5.4. 

SI 
S2 

VPl I 
VP2 
MYPI 
MYP2 

SVPl 
SVP2 

NPI 
NP2 

NP2(rulc 2) MPP2(ruie 13) MNP4 VP 

MNP I rule 12 MPPI rule 7 MNP3 MVP 

SNPI SPP SNP2 SVP 

PERP PP CN TV 

1 aster 2 1akasa 3 mas'haf 4 sat'attw 5 

)Me. ;::t CfB.e. " • M.li..f. ;;;;ok SN.l!. " • til!. ::;t Ml:I.l!." • SI{£ d H.N..P II Z:I!: • S=)NPR vp • 
see -= PP B ~ 

HJ~P ~ see c • Mile -) Hpe 9 we ~ 

SlIP k Mpr Q Hive TV ~ 

Sb'. l) =) Ct:i. " • 
MNP -4 "NP" 

SI!:E :;;± Aiel!. Mli..l' II: rl::: : 
we --\ AWp 0 TV • 
A!P --\ U1H!. II • 
S-tNP"VP • 

SI::::E ::;t z:.t: " • 
SIT. ::t: M£.e MJi.£. [I:. " II 

S!!:E ::± Atli.e. IT " ~ 

Ai:!!::!!. ;;;;); S~ 2 ~ 

i:::P =1 41.1:::l!.2 • 
s.:::±ti.cre. o • 

MVP -> MPP SVP 0 ~ 

MVP -> SVP o ~ 

VP -> MVP o ~ 

VP -> MVP o ~ 

S. ::::t liE!. V P 0 • 
S -7 NP VP o • 

Figure 5.4 the Final Chart 
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The agenda is now empty, so we exit the loop. This takes u s to step 2 of 

the algorithm. As is shown in the chart, we have two passive "S" nodes 

from the flfSt to th e last word in the sentence. 

We have succeeded in recognizing the sentence by obtaining two 

complete structures of the sentence. To better illustrate the pars ing 

results, we extract the parse trees from the fmal chart, which are 

displayed in Figure 5.5. 

Fie Edt v- P".se ~ 

~sent6'l£1! Next e 

Pafser - By Wubc 

The sentcnsc parsed successfully. 

There arc 2 Successful Pa rses 

r .. 

aster 

~ule r;j.yord tP"se Rules 

siit'ii~-;w as ler 

Figure 5.5 Parse Structure of the Final Ch art 

Words 

s 

8lil'ii~ 

IlIkllsa mlls'h al 
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, 

The above parse trees record th e syntactic structure of the input 

senten ce. Each tree consists of a parent node and several child trees. 

5.2. Disambiguation Rules 

In resolving structura l ambiguities, a rule-based m ethod is preferred 

than a s ta tistical method in the design of the parser. As sta ted in 

Chapter two, rule-based parser is powerful enough to describe most of 

the structures in natural language. A probabilistic or statistic with 

grammar rule approach, such as PCFG, selects the best parse tree with 

the highest probability using the inside and outside algorithm, which is 

gen erated by production rules. However, ignoring the linguistic features 

of a language may sometimes end up with selecting a wrong parse. An 

illustration is shown in Figure 5 .6 

MVP MVP 

'" /\ 
h ~ 

c 

lPP 7\ 7\ 
7P MNP TV 

MNP TV 

+ \ + \ sr 
bat'or sr gaddala biilla 

CN cr 
~ iniara 

sat'acc:w 

rnas'haf 

anbAsa 

Figure 5 .6 Syntactic Ambiguity of Verb Phrase 
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of a phrase (gaddala, sat't'accw) into a dictionary. The dictionary is used 

to select one of the correct parses . 

As discussed in Chapter two, the Amharic verb phrases and noun 

phrases are composed of complements, modifiers, and the head word. 

According to Getahun (1995) and A Baye (1986) Amharic has five basic 

types of verbs: 

• Action Verbs that are Transitive (balla, sabbra, laka) 

• Action Verbs that are Intransitive (heda, gaba) 

• Action Verbs without complement (alaqas, c'c'oh) 

• Auxiliary Verbs of be (naw, yiJrnas8lal) 

• Verbs of Existence (alia, nora ). 

The above verbs are headwords of verb phrases. The headword is always 

located at the right-end of a phrase. It is preceded by complements 

which together constitute a sub verb phrase (SVP). Modifiers precede a 

sub verb phrase in order to form a main verb phrase (MVP). For instance, 

consider the following sentence. 

ababa hulat gize laaster babank ganzab lakolatal # (3) 

Abeab two times to Aster through bank money he has sent 

'Abebe has sent money to Aster through bank two times.' 

113 



/lakolatal/ 'h e h as sent' is the head of the verb phrase, which is a 

transitive verb. The headword is complemented with an object / ganzab '/, 

thus /ganzab lakolatal/ 'has sent money' is a sub verb phrase. / hulat 

gize laaster babank/ 'two times through bank' is the modifier of the sub 

verb phrase. Therefore , the main verb phrase of the sentence is : 

/ hulat gize laaster babank ganzab lakolatal/ 

One main structural ambiguity encountered in applying the grammar 

rules in this thes is is cau sed by misplacing modifiers as complements 

and vice versa as it is shown in Figure 5.5. Another ambiguity is due to 

th e inability to identify appropriate word groups of complements and 

modifiers. It has great impact on disambigua tion to identify the 

boundaries of complements and modifiers, for sub phrase (SP) and main 

phrase (MP) structures are essentially determined by boundaries. 

The h ead of a noun phrase is located a t the end of the phrase. The 

headword is a noun that can have complements and modifiers. The sub 

noun phrase (SNP) is formed by the headword and complements. When 

an SNP is combined with modifiers, they form a main noun phrase 

(MNP). 

S.2.1.The Dictionary 

Th e dictionary provides knowledge about a list of h eadwords including 

their inflected forms. It contains list of headwords, the grammatical 
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sen se category of each headword with its part of speech, and the 

s tructures of complem ents and modifiers of each headword category. 

The dictionary is s tored in a r ela ted file . Table 5.1 lists category of 

headwords of both n oun and verb phrases. Words belonging to the same 

grammatical sense category a t least s hare similar complement 

structures. 

ID Category Meaning Explanation 

1 SN Source noun Stands for noun phrase 

headword that takes object 

complement. 

2 FN Free noun Stands for noun phrase 

headword that doesn't take 

object complement. 

3 SOTV Single object transitive Stands for transitive verb that 

verb takes only one object 

complement. 

4 DOTV Double object transitive Stands for transitive verb that 

verb takes two objects complement. 

5 DlV Differen t intrans itive Intransitive verb that shows 

verb movement from or to different 

place 

6 SIV Same intransitive verb Intransitive verb that shows 

movement on the same place 

Table 5.1 Different Categories of Headwords 

The list of h eadwords along with their a ppropriate grammatical sense 

categories is given in table 5.2 . 
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Category words 

1 bet 
4 sat't'a 
4 siit't'accw 

4 wasada 

5 h eda 
5 mat'a 
3 gaddala 

2 kokab 
6 qoma 

Ta ble 5.2 Lis t of Headwords against Category 

The structural rela tionship of complements and modifiers to the 

headwords of the verb phrase and the noun phrases are stored in a fla t 

text fil e. It con sists of four files, including verb complements , verb 

modifiers, noun complements and noun modifiers. 

The complements and m odifier s a re organized in a separate file in order 

to determine their boundaries easily. The rules in the files are organized 

in a parent and children format taking the part of speech of the 

constituent as a unit, which is enclosed with curly bracket s. This will 

help to identify the appropriate word groups for both of the complements 

and modifiers. 

The verb complement rules describe the appropriate word groups of 

complements for each gra mma tical sense category of the h eadword with 

in each type of verbs. The noun modifier rules also determine the 
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appropriate word group of the modifier. In the same way, the noun 

complement and modifier rules describe the appropriate word groups for 

each of them. As an illustration, the appropriate word group of a verb 

complement is given in Figure 5.8. 

SVP { MNP { SNP { CN } } TV 

SVP { MNP { SNP { CN } } TV { SOTV } } 

SVP { VE { BVE } } 

SVP { MPP { SPP { PP } } MNP { SNP { CN } } TV 

SVP { MPP { SPP { PP } } MNP { SNP { CN } } TV { DOTV } } 

SVP {MNP {SNP {CN}} AUX {SCA}} 

SVP { MNP { SNP { PN } } VE } 

SVP { MPP { SPP { PP } IV { DIV } } 

SVP { MPP { SPP { PP { PRE} } MNP { SNP { PN } } IV { DIV}} 

SVP { MADJP { SADJP {ADJ } } AUX { NCA } } 

SVP { MPP { PP } SPP { PP { PRE} MNP { SNP { PN } } IV { DIV } } 

SVP { GV AUX { NCA } } 

SVP { S' { MNP { SNP { PERP } } MVP { SVP { CV } } } TV { SOTV } } 

SVP{MNP{SNP{AN}}AUX{NCA}} 

Figure 5.8 Organization of the Verb Complement Disambiguation Rule 

In Figure 5.8, the third rule describes the appropriate complements' word 

group of the h eadword /sat't'accw/ 'She gave him' that was illustrated in 

sentence (1). 

In order to select the appropriate parse from all possible parses that are 

generated, the disambiguation rules in the dictionary are applied. When 
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the rules are invoked, they are converted into a small tree-structured 

format using the algorithm given in figure 5.9. 

While input not finished 

Begin 

End 

Find the next input string 

IF the string is not" } " THEN 

Add the component to the stack 

Else 

End 

1. Take all elements up to the opening brackets "{" 

2. Take the next element (part of speech) as parent 

of the elements (part of speech) that are taken 

previously. 

3. Add in to the stack the element (part of speech) 

removed in step 2 as child of the elements that will 

be extracted in the future. 

Figure 5.9 Algorithm for Converting a Disambiguation Rule into Tree 

Structure. 

The disambiguation rules chooses the correct parse from all the possible 

parses on the chart by comparing each parse against the disambiguation 

rules in the dictionary. The disambiguation starts from right to left, for 

the headword is located on the right side of all type of phrases in 

Amharic. The algorithm for applying the disambiguation rule is given in 

figure 5.10. 
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1. Open all disambiguation rules file s . 

2 . Generate a tree from a rules 
3. Go to the verb complement file 

4. Do until the end of the file. 
a . Take the headword of a phrase from the parse chart and find its 

grammatical sense category in the dictionary. 

b. Put the category as the last leaf node next to the POS of the headword . 

c. Take only leaf node (the parts of speech) of the complements structure 

rule in the dictionary and arrange in the ascending order. 

d. Compare it with the part of speech of a constituent of the parse in the 

chart from right to left. 
e . Iffound THEN 

i. Select the appropriate tree structure of the complement (SVP) 

from the alternate parses. 
ii. If the sentence parsed is free of ambiguities then terminate the 

process . 
1. Else go to step S 

f. Else report fai lure in disambiguation. 

S. Go to verb modifiers rules file. 

6. Do until the end of the file. 
a. Take only leaf node (the part of speech) of the modifiers structure rule in 

the dictionary and arrange in the ascending order. 

b . Compare it with the part of speech of the constituent of the parse in the 

chart from right to left. 
c. If found THEN 

1. Select the appropriate tree structure of the complement (MVP) 

from the alternate parses . 

ii. If the sentence parsed is free of ambiguities then terminate the 

process . 
1. Else go to step 7 

d. Else report failure in disambiguation. 

7. Go to noun complements rules file. 

8. Do until the end of the file. 
a . Take the headword of the phrase from the pars chart and find its 

grammatical sense category in the dictionary. 

b. Put the category as the last leaf node next to the POS of the headword. 

c. Take only leaf node (the part of speech) of the complements structure rule 

in the dictionary and arrange in ascending order. 

d. Compare it with the part of speech of the constituent of the parse in the 

chart from right to left. 
e. If found THEN 

i. Select the appropriate tree structure of the complement (SNP) 

from the alternate parses. 

ii. If the sentence parsed is free of ambiguities then terminate the 

process. 
1. Else go to step 9 

f. Else report failure in disambiguation. 

9. Go to noun modifiers rules file 

10. Do until the end of the file . 
a. Take only leaf node (the part of speech) of the complements structure rule 

in the dictionary and arrange in ascending order. 

b. Compare it with the part of speech of the constituent of the parse in the 

chart from right to left. 
c. If found THEN 

i. Select the appropriate tree structure of the modifier (MNP) from 

the alternate parses. 
ii. If the sentence parsed is free of ambiguities then terminate the 

process . 
d. Else report failure in disambiguation. 

Figure 5.10 the Algorithm for Structural Disambiguation 



Two stru ctural parses are generated for a senten ce (1), as sh own in 

figure 5 .4 , for the con s tituent 'PP' can be classified either as a 

com plemen t or as a modifier. By applying the fifth line of the verb A 

complement disambiguation rule, we assign 'PP' as a complem ent. 

The disambigua tion rule disambiguates the two a lterna tive structural 

parses of senten ce (1) a t the first loop of the a lgorithm, or a t the verb 

complemen t s tage (step 4 .e.ii) as shown in figure 5.11 

<"1- U"Illh>d AmParser / tlicrvphone P.':: lools ~ : 

Fie Eli: View P.wR Help 

~ Sen[enc.e Next CiJ 

Pll r!ler - By Wube 

DislImbiguti es removed by Dis llmbig-2 

a:Rule ~ord 

aster 

!Parse Rules Words 

N 

tii kasll mes 'hat 

Figure 5. 11 the Correct Parse of Sen ten ce (1) 

Parses Din' 
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The above figure shows the correct parse of sentence (1) after the 

disambiguation rule is applied . 

The process flow of the parser is displayed in figure 5.12. 

Input 

Input 
Preprocessing Active Chart 

Parsing 

Parse Structure 
Generation 

Disambiguated 
parse 

CFG Rules 

/.4--~--11 Rule Dictionary 

Figure 5.12 Diagrammatic Representation of the Parser 

5.3. The Experiment 

The text selected for the evaluation was discussed in chapter four. Each 

senten ce in the text was, stemmed, tagged and parsed manUally. 

Comments and suggestions are sought from the linguistic advisor when 

necessary. 
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From the manually labeled corpus, 320 sentences were randomly 

selected as the training set. They were used to derive grammar rules. 

The remaining 80 sentences (573 words) were used for testing. The 

evaluation metrics for the stemmer or the tagger was accuracy, which is 

defined as the percentage of words that are correctly stemmed or tagged. 

The parser is also evaluated in terms of accuracy, which is the 

percentage of sentences that are parsed correctly. 

number of correctly parssed sentence by the parser in the test set 
Accuracy 

total number of hand parsed sentences in the test set 
x 100 

The evaluation should have been approved by at least two independent 

parlies separately however due to time limitation it is made by only the 

researcher. 

5.3.1.Evaluation of the Stemmer and Tagger 

Manual assessment of the stemming results showed that 541 stems 

(94.4 %) were linguistically meaningful and 32 (5.6 %) were meaningless. 

The errors consist of 12 (2.1 %) over-stemming and 20 (3.2 %) under-

stemming cases. When it is compared with Nega and Willett it is less by 

1.5%. Some stem requires deep structure analysis in order to attain the 

actual stem. Sample cases of over stemming, under stemming and stem 

that require deep structure analysis are shown in appendix 6. 
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The first test of the tagger achieved 89.7% accuracy. However, most of 

the errors were caused due to error committed during manual tagging 

(wrong manual tagging). After making necessary corrections to the 

baseline, the tagger attained 96.2% accuracy. It is better than Mesfine 's 

by 5.2%. 

S.3.2.The parser Evaluation 

The evaluation of the parser based on the given metrics shows 

encouraging result. It is shown in Table 5.3. 

Datal set No of No of erroneously parsed Accuracy 

sentences sentences 

Test Set 80 11 86.25% 

Table 5.3 Parsing Result on the Test Set 

The accuracy was over 86%, which was satisfactory. Even though the 

corpus contains both simple and complex sentences, most of them are 

grammatically more structured than the usual sentences that one 

encounters (Some times it is acceptable if one miss the subject or object 

of the sentence as it is found in the verb a in the form of a subject or 

object affixes, even though it is not grammatical, exchanging the position 

of direct and indirect object of a sentence is acceptable). Thus, taking 

into account the sample sentences, the accuracy result of the parser 

seemed acceptable. Sample output of the parser is listed in Appendix 7. 
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5.3.3.Solution to Identified Problems 

Due to the lack of resource in corpus and tree bank, we have 

encountered various problems in developing the parser. For example, 

human errors introduced during morphological analysis like incorrect 

s temming, tagging, and parsing and other sources of errors led to wrong 

induction of grammar rules, inconsistency between grammar rules and 

disambiguation rules during the time of training. 

It was difficult to fined actual affixes of some words in order to develop 

context sensitive rules. Some times it becomes d ifficult to find the actual 

stem of a word after its affixes are removed. For example the word 

/mlisrat/ 'doing something' has a prefix of /mli/ and suffix of /atj. 

Finally we left with /sr/ which is assumed stem of the word. However it 

is neither the actual stem of the word nor the root of the stem word. 

Therefore, it requires finding the actual root of the word which is /srr/ 

and template of the word which is /clicc/ and builds the actual stem 

which is /sarrj. There were problem encounter with updating category 

function. The same part of speech when they are affix with the same 

suffix the system assigns one of the parts of speech which ever it finds 

first, usually TV. 
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Eg. 

Eg. POS Suffix Word Actual 
POS 

Stem 
siibbr TV a siibbra Derived 

Noun 

biill TV a biilla TV 

Table 5.4 Problem of category updating function 

With regard to stemming there is proble of developing context sensitive 

rule to words which have the same Phonemic representation and 

pronunciation, but which have different parts of speech. For example 

t'iilla/TV '(he) hate' and t'iilla/noun 'common drink' are two words, which 

have the same Phonemic representation. It becomes difficult to remove 

the last affix 'a' from the transitive verb and leave from the noun, as it is 

part of the steem. 

There were also problem associated with manual stemming of words 

during training set preparation to the tagger. Some words were under 

stemmed while others were over stemmed. 

Moreover, there was unknown word problem when words that did not 

have their stems in the database were tagged as unknown. Due to the 

insufficiency of the bi-gram count, some words were wrongly tagged. 

125 



To find the actual affixes of a word, the words are classified into original 

and derived with in each class of words (noun, verb, etc), then it become 

possible to find the actual affixes. Some words, which are difficult to find 

their actual stem, are taken as it is. 

The human errors were corrected by iterative action during the time of 

training. Attempts were also made to guess parts of speech that are 

unknown to the tagger by evaluating their affixes. However, it was 

difficult to correct mis-tagged words. 

The system trapped into infinite loop whenever it encounters dependent 

sentence. The problem was solved by introducing different rules for 

independent sentence (S~NP VPI and dependent sentence (S'o+MNP 

MVPI separately. The major causes of parsing errors were over­

stemming or under-stemming and mis-tagged and untagged stems. 

Another limitation is inherent in rule-based method, which is not 

exhaustive. 
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CHAPTER SIX 

SUMMARY, CONCLUSION AND RECOMMENDATION 

This chapter summarizes the major tasks accomplished and the 

contributions of the thesis, and suggestions for future work. 

6.1. Summary and Conclusion 

The objective of this thesis is developing a rule-based syntactic 

disambiguation parser for Amharic language. In chapter one, we 

introduced the importance and the one of challenges of developing a 

parser, i.e. sentence disambiguation. In chapter two and chapter three, 

we provided an overview of important concepts related to parsing and 

various strategies that can be used to address the challenging issues in 

parsing. In addition, we briefly reviewed Amharic grammar. 

We described methods for data preparation and morphological analysis in 

chapter four . In Chapter five, we introduce the design and development of 

a parser. An evaluation of the parser showed that it attained 86.25% 

accuracy. 

This thesis research represents the first study to build a rule-based 

parser for Amharic language. The performance of the parser was very 

promising, which improved the accuracy by 4.25% over that of the parser 

developed by Daniel Gochel. We hope that the results and findings of this 



thesis will attract more researchers to study Amharic language and will 

enable more advanced analysis (e.g., semantic and discourse analyses) of 

Amharic language. The disambiguation method developed in this study 

can help improve the performance of other Amharic parsers. Cautions 

should be taken in generalizing the findings of this study. Due to the lack 

of tree bank for the language, it is difficult to compare the performance of 

different Amharic parsers both knowledge-based and corpus-based on 

the common ground. 

The thesis integrates previous NLP studies on Amharic, which serves as 

the foundation for building high-level language analyzers and practical 

applications such as machine translations. 

We can find several limitations with this research. First, the data size 

used for rules induction was small. Therefore, the parser may not have 

considered all possible features of Amharic sentences. Second, it didn't 

find the actual stem of all words in the sample sentence. Third, the 

morphological analysis was not comprehensive, for it only analyzes the 

stem morphemes. Forth, as the parser generates all possible parses and 

it completely depends on rules has a problem with cost and efficiency. 

Finally, Phonemic symbols are used to transcribe the text rather than 

Amharic 'fidel'. The Amharic 'fidel' was not used, because it is difficult to 

analyze the morphological features of every word. 
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6.2. Future Directions 

There are several directions for improving the current parser in future. 

1. The a bove limitations can be addressed in the following ways. First, 

enlarging the size of training and testing data sizes for rule induction 

and evaluation. With the prototype parser available, we can improve 

the efficiency in labeling training and testing data by parsing the text 

with the parse first and th en validating the parsing results manually. 

Second, enabling the system to find root and template of the stem 

word. Third, extending the scope of morphological analysis to include 

grammatical features of affixes of a stem. This will help to develop 

feature-based parsers . Fourth, integrating a morphological analyzer 

and a POS taggar with the parser. Fifth, increasing the efficiency of 

the parser by developing a hybrid model for disambiguating Amharic 

sentences, which integrates rule-based and statistical methods . In 

this approach, generating a s ingle and correct parse can also reduce 

the searching space. To generate the correct parse, first, the possible 

word groups of complements and modifiers will be gen erated first . 

Then, the n ext subsequent higher level of parses (parent node) can be 

generated by using probabilistic context free grammar. Finally, 

semantic knowledge is required to disambiguate structural 

ambiguities thitt arise from the scope of adjective over two nouns that 

are connected with conjunction and structures derived from different 

deep structures of PP's with a simple NP or genitive NP complement 

that are described in chapter three. 
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2. In this study, the bi-gram lexical co-occurrence assisted by a simple 

morphological analyzer was developed to determine the lexical 

category of a stem morpheme. The technique worked well for various 

inflections of a given stem in the database. Although this was one step 

further than earlier studies, some words were tagged wrongly. Thus, 

future researches could explore a better result by combining the tri 

gram lexical co-occurrences. 

The thesis research can be extended in a number of ways. 

1. Further researches can be conducted in applying the Amharic parser 

in variety of application such as, machine translation and spell and 

grammar checker could be conducted. 

2. It would r benefit the entire Amharic NLP community by building a 

corpus in which both s imple and complex Amharic sentences have 

proportional representation. The corpus can be used to extract both 

the grammar and disambiguation rules. 

3. Future research can !;lei purs~ to develop a tree bank of Amharic. 

The bank can not only supports the development of statistical parser 

but a lso serve as a common ground to evaluate the performance of 

parsers. 
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APPENDIX 

APPENDIX l' The Inflectional form of the verb I sabbar / 'break' 

Perfect Imperfect 

Tense Person Singular Plural Singular Plural 

1" -hu -8n (simple perf.) 

(simple perfect) /sabbar8n/'we 

/sabbarhu / 1 broke' broke' 

2nd mus. -k, -h 
(s imple perfec t) 

/sabbiirk, sabbarh/ -acc8hu 

'You broke' 
-s 

{f) 
Fern (simple perfect) (simple perfect) 

~. / sabbiirs / 'You / sab biiracC8h u / 

S broke' 'You broke ' 
'0 
~ -u 
(1) 

'0 Pol. (simple perfect) 
Pl /sabbiiru / 'You 
(/) .... broke' 

3rd mus, -8. 
(simple perfect) -u 

/ sabbiira / 'He 
broke' (s imple perfect) 

-ac / sabbiiru / 

Fern (simple perfect) 'They broke' 

/sabbiirac / 'She 
broke' 

1" -ialliihu -anall 8-allahu 8n - alliin 

(present perfect) (present perfect) (present imperfect) (present imperfect) 

::? 
/sabbriallahu / 'I /sabbranall/ 'We / 8sabbrallahu/ 'I will / 8nsabbrallan / 

(1) 
have broken ' have broken' break' 'we will brake' 

(/) 2nd mus. -oall 
t8-allah 

(1) 

::l (present perfect) (present imperfect) 

.... 
~. 

/ sabbroall / 'you -acwall /tasabbrallah / 'You 

S have broken' will break' t8- aIlachu 

(1) -asall 
ta-iallas 

:;:J Fern (present perfect) (presen t imperfect) 

~ . .... / sabbrasall/ 'you (present perfect) / tasabbriallas / 'You (present imperfect) 

::r 
Pl 

have broken' /sabbracwall / will break' / t8sabbrallachu/ 

8. -awaIl 'You have broken ' y8-allu 'You will break' 

~ 
Pol. (present perfect) (present imperfect) 

~ . 

~ 
/sabbrawall / 'You /y8sabbrallu/ 'You 

have broken' will break' 

<: 3rd muse. -owaIl 
y8-all 

(1) 
.... (present perfect) -awall (present imperfect) y8- allu 

0' 

----
/sabbrowaIl / 'He /y8sabbrall/'He will 

e:. has broken' (presen t perfect) break' (present imperfect) 

~ -allC / sabbrawall / ta-allc /y8sabbrallu / 'The 

Pl' 

---- (present perfect) 'They have (present imperfect) y will break' 

Fern / sabbralIC/ 'She broken' /tasabbrallc/'She will 

has broken ' break' 
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Perfect Imperfect 

Tense Person Sin2Ular Plural Sin2Ular Plural 

1" -e Daba.f -an nabiir 

(past perfect) (past perfect) 

'"0 
/sabbre nabbiir/ 'j /sabbran nabbiir/ 

I" had broken' 'We h ad broken' 

(/) 2 nd mus . -ilh nilbbar .... .... (past perfect) 
~. 

S /sabbrah nilbbiir/ -achu nabar 
(1) 'You had broken' 

§. -5 nabaf 

Er (past perfect) (past perfect) 

I" Fern /sabbras nab bar / /sabbrachu 

8. 'You had broken' nabbiir/ 'You had 

- -aw Dabar broken' 
~. 

~ Pol. (past perfect) 

<: 
/ sabbrilw nab bar / 

(1) 'You had broken' 
>; 

3rd muse. -0 nabiir -8.W Dabfu" 
0" 

---
(past perfect) 

::l /sabbro nilbbiir / (past perfect) 
1'" 
0" 'He had broken' / sabbraw nab bar 

1'" 
>; -a Dabar / 'They had 

--- Fern (past perfect) broken' 

/sabbra nilbbiir / 

'She ha d broken 
Present Past 

Tense Person Sin2Ular Plural Singular Plural 

1" 8yil-ku naw aya-n naw 8ya-ku nabbiir 8yil-n nab bar 

(Present cantin.) (Present cantin.) (past continuous) (past continuous) 

/8yasabbiirku naw / /8yasabbiirn naw / /8yasabba rku /8yasabbiirn 

1 am breaking' 'We a re breaking' nabbiir / 1 was nabbiir / 'we were 

breaking' braking' 

2 nd mus. 8ya-k naw ta- nabar 

(Present contin.) (past continuous) 

/8yasabbilrk naw / Bya-acu naw /8yasabbiirk n abbiir / 

() 
'You had broken' 'You were breakinll' 8ya-acu nabbar 

0 8ya-s n ilw (Present can tin.) 8ya-s nabiir 

::l 
C. (Present cantin.) / 8yasab bilracu (past continuous) 

::l Fern /8yilsabbilrs n aw/ naw/ 'You a re /8yilsabbars nabbiir / (past continuous) 

r:: 
0 'You h ad broken ' breaking' 'You were breaking' /8yasabbiiracu 

r:: 8yil-u naw 8ya-u nabbiir nabbiir / 'You 

(/) 

C. (Present cantin.) (past continuous) were breaking' 

S Pol. /8yasabbiiru naw / /8yasabbiiru nab bar / 

(1) 'You had b roken' 'You were breaking' 

3rd muse. 8ya-a naw 8ya-u naw 8ya-a nabbiir 8ya-u nabbiir 

(Present cantin.) (Present cantin.) (past continuous) (pas t continuous) 

/8yasabbiira naw / /8yasabbiiru nilw / /8yasabbiira nab bar / /8yasabbaru 

'He is breaking' 'They are 'He was breaking' nabbiir / 

8yil-c naw breaking' 8ya-c nilbbar 'They were 

Fern (present con tin.) (past continuous) breaking' 

/8yasabbiirac naw / /8yasabba rc nabbiir / 

'She had broken 'She was breakin,,' 
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APPENDIX 2: Phonemic symbols used for Amharic fidel. 

Basic letters a u 1 a e D 0 
U ha hu hi ha he hD ho 
to la lu Ii la Ie Ja 10 
{fO rna rnu rni rna me rnD rno 
to sa su S1 sa se sD so 
l. ra ru ri ra re rD ro 
i'i sa su si sa se sD so 
</' qa qu q1 qa qe qD qo 
n ba bu bi ba be bD bo 

-" ta tu ti ta te tD to :,' ca cu ci ca ce CD co 
" na nu ni na ne nD no 
I iia iiu iii iia iie iiD iio 
h ?. .a ?u ? . 1 ?a ?e ?D ?o 
h ka ku ki ka ke kD ko 
OJ wa wu wi wa we wD wo 
H za zu zi za ze zD zo 
1f za zu zi za ze zD zo 
r ya yu yi ya ye yD yo 
9- da du di da de dD do 
"f. ja ju J1 ja je jD jo 
1 ga gu gi ga ge gD go 
m 1'a t'u ti ta 1'e t'a 1'0 
ro. ca cu ci ca ce cD co 

* pa pu pi pa pe pD po 
? s'a s'u s'i s 'a s'e s'D s'o 
t. fa fu fi fa fe fa fo 
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APPENDIX 3: Sample Sentences 

Since the size of this thesis exceeds the maximum size, 150 pages, 

Graduate School of AAU allows, Appendix 3 is compiled separately and 

made available at the Bibliographic Laboratory of Informatics Faculty, 

Addis Ababa University. 
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APPENDIX 4: Parts of speech used in the taggar. 

IPP Independent 1 
Personal Pronouns 

DDP Demonstra tive 2 
Determiner Pronoun 

SDP Selective Determiner 3 
Pronoun 

IP Interrogative 4 
pronoun 

IDA Indefinite Pronouns 5 
as adjective 

PN Proper Noun 6 
PERP Personal pronoun 7 
CN Concrete Noun 8 
CON Compound Noun 9 
AN Abstract Noun 10 
NADV Noun as an adverb 11 
NQ Noun as quantifier 12 
VN Verbal Noun 13 
CNo Cardinal Number 14 
AUX Auxiliary Verbs of be 15 
VE Verbs of Existence 16 
TV Action Verbs that are 17 

Transitive 
IV Action Verbs that are 18 

Intransitive 
AVO Action Verbs with 19 

out Complement 
DV Derivationa l verb 20 
ADJ Adjective 21 
ADV Adverb 22 
PRE Preposition 23 
POP Postposition 24 
CaMP Complementary 25 
IDP Indefinite Article 26 
IJ Inter junction 27 
CC Coordinate 28 

Coni unction 
DR Determiner 29 
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APPENDIX 5: Total parts of speeches used in the morphological 
analysis, 

TAG DESCRIPTION EXAMPLE 
SET 
IPP Independent Personal one, osu, orsu , anti, orsuwa, 

Pronouns 
DDP Demonstrative Determiner y8h, y8he, y8han, y8cci, 8ce 

'"0 Pronoun 8zziya, 8niizziya 
:;0 

SDP Selective Determiner Pronoun y8hiiaw, yahaiiaw, 0 
Z 8niizziyaiiocu 
0 c:: IP Interrogative pronoun man, ma, mBn, mand8r, 
Z m8nd8n 

IDP Indefinite Pronouns as mann8mm, yataiiiiaw8mm 
adjective 

PN Proper Noun gojam, gondar, addis ab8ba, 

Z medrok 
0 PERP Personal pronoun ababa, kasa, aster, dawit 
c:: AN Abstract Noun m8sgana, kisara, ekonomi, Z 
1JJ CN Concrete Noun 18j, fiiras, lam, onsasa, bare, 

:E bag 
0 ' CON Compound Noun awudfuy, :;0 
t1 DN Derived Noun sabbara, 
() NADV Noun as an adverb zare, talanat, 
5: NQ Noun as quantifier hulat, sost gize 
1JJ 

VN Verbal Noun 1JJ masrak', mat'8fat, mataw 
*CCN Coordinate Conjunction Noun wan docena, setccna 

Z CNo Cardinal Number and, ass8r 
c:: 
:s: 
trl 

*ON Ordinal Number and-anna, assar-anna 
52 
t"" 
1JJ 

< *GV Gerund Verbs sabb8ro, nag8ro, 
tTl sabb8ra, sat't'8ta, nagara g; 

*DV Derived verb asabbar, asabbiir, sababbiir, 
tasabbar, tasababbiir, 
tasabbar, tiilayayu 

AUX Auxiliary Verbs of be nabbiir, jiimmiir, naw, 
yamas81al, hon 

VE Verbs of Existence alla, allann, allaw, nora, 
wala 

New part ofspeech added during morphological analysis 
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TAG SET DESCRIPTION EXAMPLE 
TV Action Verbs that are siibbrii, billla, giizza, bill 

Transitive 
IV Action Verbs that are giiba, hedii, wiit'a 

Intransitive 
AVO Action Verbs with out aliiqiis, c 'c'oh, 

Complement 
ADJ Adiective talI8k', riiim 
ADV Adverb tollo, giina, k8fuiia, 
PRE Preposition Iii, kii, bii, wiidii, 
POP Postposition gar8, driis, w8st' 
COMP Complementary saiii, 8ski, 8ndii, 8ndiiy8, 
CC Coordinate Coni unction 8nna, na, 
DR Determiner bat'am, 18k, 
*GNP Genitive noun phrase yiisar, yiitanant, 

yiiktiima, yiigonder , yiine 
*CV Complementized Verb saiiihedii, 8ndiimiit'a 
' PP Prepositional Phrase kiibet, liikiisa, 8ndiisiiw 

• New part of speech added during morphological a nalysis 
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APPENDIX 6 : Sample output of the stemmer. 

Word Stemmer Actual Stem Error Type 
Output 

masrat masrat sra under stemming 

bakaftiiiia kaft kiifta over stemming 

lamafta t maftat fat require deep structure 
& under stemming 

taqabaynat taq aba y taq a b ii.l require deep 
structure analysis 

yawqal awq awaq require deep 
structure analysis 

f?lIagot f?lIagot fallag require deep 
structure analysis 

dang?t'o dang?t' danagat' require deep 
structure analysis 

manoria manor nor under stemming 

tatari tatar tatiir require deep 
structure analysis 

?yat'aba t'ab at'ab over stemming 

sh abii.la shabii.l shabii.la over s temming 

yasamrawit samra samrawit over stemming 

zabaiia zaba zabaiia over stemming 

y?maslal masl masii.l require deep 
structure analysis 

akbari akbar akabiir require deep 
s tructure 

l?tt'ay?qaw t'ay?q t' ayaq require deep 
structure 

?nda mit'?ru t'?r t'a r require deep 
structure 

asii.la t' an u asii.lat'an sii.lat' under stemming 

?ndiad?g ad?g adag require deep 
structure analysis 

a diiraga adiirag diirag under stemming 
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APPENDIX 7: Sample output of the prototype parser, 

S[NP[MNP(SNP((PERP ayalii)))JVP[MVP(MADJP(SADJP(ADJ 
t?n?sh))SVP(MNP(SNP(CN injiira)) (TV (SOTV balla))))11 

S[NP[MNP(SNP((PERP aster)))JVP[MVP(SVP(MPP(SPP((PP liikasa)))MNP(SNP((CN 
m iis'haf)))TV ((DOTV siit'iic;:c;:w))lIJ 

S[NP[S'(MNP(SNP(GNP yiikasa))MVP(SVP(MNP(SNP(CN bet))((CV 
yiimiisrat))))SNP(AN alama))lIVP[MVP(SVP( TV tiisakalllJ 

S[NP[S'(MNP(SNP((PERP kasa)))MVP(SVP(MNP(SNP(CN biig))((CV 
yariidiibiit))))SNP(AN bilawa)))JVP[MVP(DR biit'am)(SVP(MADJP (SADJP(ADJ 
diiniiz))(AUX niiw)))J 

S[NP[MNP(SNP((PERP kasa)))]VP[MVP(S'(MPP(SPP((PP kiigojam))) MVP(SVP((CV 
?ndiimiit'a))))SVP(S'(MNP(SNP((PERP aster))) MVP(MPP(SPP((PRE 
wiidii)MNP(SNP((PN nazz?ret)) )))SVP((CV ?ndiihediic;:c;:))))((TV siima))))11 

S[NP[MNP(SNP((PERP kasa))) JVP[MVP(S'(MPP(SPP((PP biic;:c;:kola))) 
MVP(MNP(SNP((CN qursun))) SVP((GV ballto))))SVP(MPP(SPP((PRE wiidii) 
MNP(SNP(JN((AN t?m?h?rt))(CN bet))(IV hedii)))]J 

S[NP[MNP(SNP((PERP aster)))JVP[MVP(SVP(MPP(SPP((PP liiayalii))) MNP(SNP((AN 
?rdata)))TV((DOTVadiiriigiic;:c;:liit))1I 

S[NP[MNP(SNP((PERP aster)))JVP[MVP(S'(MNP(SNP((CN I?joc;:c;:u))) 
MVP(MPP(SPP((PRE wiidii)MNP(SNP(JN((AN t?m?h?rt)))(CN bet)) SVP((CV 
?ndiihedu))))SVP(S'(MNP(SNP((PERP kasa)))MVP(SVP((VN miishomun))))(TV 
siimac;:c;:)))II 

S[NP[S'(MNP(SNP((PN ityopia)))MVP(SVP((CV yaqiiriibiic;:c;:w))))((GNP 
yiiw?y?y?t)SNP((AN hiisab))))JVP(MVP(SVP(MNP(SNP((VN tiiqiibayniit)))(( aIliiw)))lII 

'S[NP[MNP(MPP(SPP((PP biia?mro)))SNP((VN f?!siit))))JVP[MVP (S'(MNP(SNP((PN 
af?rica)))MVP(SVP(MPP(SPP((PP biiyiiamiitu) SPP((PP kiiarat)))((CNo 
biliyon)SNP((CN b?r)))SPP((PP balay))))((CV ?yat'ac;:c;:)))))SVP((AUX niiw)))J] 

S[NP[MNP(S'(MNP(SNP((AN miing?st)))MVP(MNP(SNP((AN c;:c;:g?roc;:c;:n))) 
(MNP(MPP(SPP((PP liimiiftat)))SVP((CV yiimik iitaliiw))))SNP((CN miingiid))llI 
VP(MVP(MPP((PP kiihulum)SPP((PP balay)))SVP(MNP(SNP((AN asasabi))((CC 
?nna))((AN asafari)))((AUX niiw))))11 

wrong parse 
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APPENDIX 8: A Screen Snapshot of the Parser. 

~ ['* "- P.ne ttetJ 

liis-t-'~ NextC 

PtllStr ~ By Wube 

Number 01 rulcs:O 
Numbe r 01 word.:O 

~ veomo a: vt.4od ~NComp ~ NMod .... veornp 

riJNotd Rules Word. 

.... , . NComp Hlrolod 
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