ADDIS ABABA UN IVERSITY

SCHOOL OF GRADUATE STUDIES

FACULTY OF INFORMATICS

DEPARTMENT OF INFORMATION SCIENCE

RULE BASED SYNTACTIC DISAMBIGUATION
PARSER FOR AMHARIC SENTENCE

A thesis submitted to the School of Graduate Studies of Addis

Ababa University in partial fulfillment of the requirements Jor
the Degree of Master of Science in Information Science.

BY
WUBE ALEMAYEHU TUFFA
JANUARY 2005




ADDIS ABABA UN IVERSITY

SCHOOL OF GRADUATE STUDIES

FACULTY OF INFORMATICS
DEPARTMENT OF INFORMATION SCIENCE

RULE BASED SYN TACTIC DISAMBIGUATION

PARSER FOR AMHARIC SENTEN CE -
BY e
WUBE ALEMAYEHU TUFFA

Name and signature of members of the Examining Board:

Ato Getachew J emaneh, Chairman, Examining Board: %

Dr. Lina Zhou, Principal Advisor:

Ato Aklilu Yilma, Co-Advisor:

Ato Tesfaye Biru, External Examiner:




ACKNOWLEDGMENT

I am deeply indebted to my advisors Dr. Lina Zhou, Ato Getahun Amare
and Ato Aklilu Yielma for their critical comments and suggestions,
without whose close follow-up this study would have been incomplete. I
am very much grateful to Kidane Mebrehatu who helped me a lot in the
prototype development. I am also gratitude to Zemene Hadgo who

assisted me in the development of the bi-gram count system.

I wish to express my thanks to Gezachw Brehanu and Mesele Solomon,
Ethiopian language study students, who helped me in selecting and
hand-parsing the sample sentences. My heartfelt thanks goes to my
brothers Tedrows Alemayehu and Ermias Alemayehu, who helped me in
stemming and feeding the affix into the database and the dictionary into

the related files.

My deepest gratitude goes to my beloved friend, Azene Zenebe, for his
unreserved, all-rounded support and invaluable inspiration. I am also
indebted to Ato Mesfin Getahun and W/t Atelach Alemu, instructors at
the department if Information Science for their assistance and valuable

ideas.

While I am writing this acknowledgment, so many people - classmates,
instructors, friends, family members, and colleagues come into my mined
with their support, encouragements, and prays. May God bless all of

them!

II



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 identify 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

() 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 Cardinal Number
COMP Complement

CON Compound Noun

Cv Complementized verbs
GNP Genitive noun phrase
J Interjections

JN 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 Natural 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 as 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



preferences. Thus, such systems must model the linguistic performance

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

The computational “understanding” of a natural 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 such 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 not 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

Ambharic is the dominant language in Ethiopia. It has been extensively
researched from a linguistic perspective, Analysis of Ambiguity in
Ambharic, Getahun Amare (2001); the syntax of functional category,

Girma Halafom (1994); Amharic verb morphology, Bender, L. and Hailu



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 attracts 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 (POS) Tagging Mesfin (2001); morphological analyzer Tesfaye
(2002); morphological synthesizer 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
facilities 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.

Translating 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



introduction of the new educational policy. Still it is problem to translate
Ambharic 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.
v/

* 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 Ambharic 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.

v The purpose of this thesis is to address problems related to structural
ambiguity in Amharic sentences and develop a parser for automatic

structural disambiguation.



1.3. Objectives Of The Study

The followings are identified as general and specific objectives of the

study.

1.3.1.General Objective
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 study include:
o Study the types and nature of Amharic sentence ambiguity and
review various parsing techniques suggested for automatic

disambiguation.

e Collect relevant and representative Ambharic sentences and parse

them manually to create training and test data sets.
‘e Select a rule-based approach for parsing Amharic sentences.
e Develop a prototype Amharic parser for structural disambiguation

o Suggest directions for future study based on the evaluation results

of the parser.



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 automating 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 Ambharic, upon which the statistical method is highly
dependent. In addition, there are some problems ;a.ssociatéd 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



because visual C++ has good string manipulation features and Visual
basic has strong built in function to access database, and both are also

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:

1. It is possible to represent sentential ambiguity (i.e. sentences
with more than one possible interpretation or syntactic
structure).

9. 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.



1.4.2.Literature and Data Collection Techniques
Parsing and searching state-of-the art techniques are reviewed to help
select a parsing method. To better understand the features of sentence
ambiguity in Ambharic, both secondary and primary information sources
are used. In addition, linguists in Ambharic language provide consulting

in analyzing the Amharic text.

Four hundred (400) sentences Wwere collected to develop the
disambiguation parser. Among them, 50 sentences were structurally
ambiguous. The sentences were randomly selected from different books
and newspapers, which also involved some judgment of the researchers.
The sample sentences were first, 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 ECSA!, it is the first
language for more than 17 million and second language for over five

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

| ECSA stands for Ethiopian Central Statistical Authority of the Federal Democratic
Republic of Ethiopia



work in Ambharic language processing and understanding is still in its
infancy. Developing an automatic disambiguation parser based on
Amharic linguistic grammar will help to improve Ambharic 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
parsing to Ambharic language, meaning some theoretical framework of
automatic 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 computer processing of Amharic. In general the following
are few applications of the study:

e Machine translation: It could be possible to translate Ambharic
texts to different regional states languages and local languages.

o 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.

o Better search engines: It is possible to provide an intelligent
search engine the retrieve Amharic texts by analyzing the
meaning of texts and queries.

e Information extraction and summary: An intelligent system
that models effectively the linguistic feature of Amharic can
extract particular information from a give text and also

summarize a text into few lines.



e 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.

o 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

10



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 Ambharic grammar,
including various word classes, phrase categories, and complex sentence
formalisms in the language. It also 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.

11



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 “pelieve” 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).



2.1.1.Lexical and Grammatical Meaning
The sentence:
(1) “The dog ate 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 still 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 sentence. For example, the
singular 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 singular 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 (Lébner, 2002). The grammatical form itself, e.g. singular,
plural, positive, comparative, simple past tense, progressive past tense,
etc. has a meaning. Such meanings are called grammatical meaning

(William & Michael. 1996).

13



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

AN

. hurt my teeth
The dentist

N\

my teeth

The dentist hurt 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”.

AN,
TSN

Pro. Noun
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:

e 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.

e A rule for deriving the meaning of a VP (hurt my teeth) from the
meaning of the verb (hurt) and the meaning of the direct object NP
(my teeth);

e 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 expressions

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 whole” (Lobner, 2002, p. 15).
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 determined by the three

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

2.1.3.Syntactic Structural Ambiguity
The principle of composition (Formkin & Rodman, 1983) emphasizes the
importance of syntactic structure to the interpretation of a sentence.
There are inherent difficulties associated with determining the syntactic
structures of a sentence. Ambiguity is a term that refers to a concept
where lexical or sentences have 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 ambiguous.
Structural ambiguity occurs when the grammar assigns more than one
possible parse to a sentence (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 are 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 ecither as (synthetic buffalo and hides) or as

(synthetic and buffalo hides).

P

_/NP\ o AN

(a)

Adj. NP / P\ N
1\;/ : Adj N
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 addresses 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:

gy
o)
=

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 > ART + NP1

NP1 > ADJ + NP1

NP1 - 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:

Figure 2.5 Simple TNG (Allen, 1995)

We can construct a recursive transition network that recognizes a

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

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 S1 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

JONOIG
\_/

Name

Figure 2.7 ATN (Allen, 1995)

(5) “The dog saw Jack.”
In order to check 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.

CAT ART
The
NOUN
HEAD CAT
dog O—+0)
b AC}*‘
(b) O sG.

Figure 2.8 Sequence of the Features Structure
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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
constituent 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 fprmalism where the syntax of
each constituent is independent of the symbols occurring before and after
it in a sentence (Harris, 1985). It is a mathematical system most
commonly used 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 the language can be grouped
and ordered together into lexicon of words and symbols (Harries, 1985).

For example:

S > NP+ VP (2.1)
NP = Det + Nominal (2.2)
NP - ProperNoun (2.3)
Nominal 2 Noun | Noun Nominal (2.4)
VP > 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 ProperNoun 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 2> A (2.6)
Det = the (2.7)
Noun - flight (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 - 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” using 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 constraint-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 J/count (Jurafsky & Martin, 2002).

Feature structure is a method used 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 mind is through
the use 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 single computational technique, suffices for
both of these purposes (Jurafsky & Martin, 2002). The unification results

as follows:

[NUMBER SG] U  [NUMBER PL| => Fails/Reject

[NUMBER SG] U  [NUMBER | 1] = [NUMBER SG]

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 side (Warren, 1999).

It has rules that rewrite a non-terminal symbol A in the context a4f as

any non-empty string of symbols. They can be either written in the form
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aAB —ayA or in the form A— ;//a r_ﬁ (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 - & 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):

e Rule based approach: pure rule reasoning driven by

grammar rules;
e 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 (grammar rules), and these rules are
applied to input text segments in order to produce the resulting parse
trees by the parser. Information about 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 text 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 are 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 statistical 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 statistical
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 (PCFG)
Probabilistic context-Free Grammar (PCFG) is the simplest 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 used to disambiguate. A
probabilistic grammar offers a solution to the problem by choosing the
most-probable interpretation. Thus, due to the prevalence of ambiguity
probabilistic parsers can play an important role in most parsing or

natural language understanding tasks (Yao and Lua, 1998).
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A PCFG is a 5-tuple G = (Hr, Hn, E!, P, D) where Hr is the set of terminal

symbols, Hy the set of non-terminal symbols, El & H, the start symbol,

and P the set of productions. Productions take the form of £ —> E (P),
winEsH, &&(H, UH,)+, and P=PROB (E—&), the

probability that E is expanded into the string . Dis 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:
E—&(P)
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—>E|E)
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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 has 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|C, W). This is

estimated as follows (Allen, 1995):

PROB(y } B count (f#times rule R used for cat C sarting with W)
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 > V + NP + PP definitely tell that the verb
“put” will be used more times in this rule than the verb ‘like” which

usually doesn’t take a preposition (Allen, 1999).
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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 using 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 are called chart parsers (Russell & Norving,

1995).

35



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 has 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

36



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)? (Ford et al., 1982); the Right Association
Principle (RAP)? (Kimball 1973); the Attach Low and Parallel Principle
(ALPP, an extension of RAP)* (Hobbs and Bear 1990); Minimal
Attachment Principle (MAP)S and Late Closure (LC)¢ (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).

? Give priority to the interpretations that are consistent with the strongest lexical form of the predicate.

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

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

51t 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”” (Katze and Foder,
1963), the framework of “conceptual parsing”® (Schank and Abelson,
1977; Schank, 1995), and so on. Parsing methods falling under this
framework would be 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, using 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 are sought inconvenient from analysis
$ 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 feature of Amharic sentence. The last section summarizes

structural ambiguity of Ambharic 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
Ambharic 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 /q/ and

/b/ the orders are:
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basic
1st ond 3rd  4th 5th gth  7th

+ & € s i +

gdi qu di ga Qe qd qo

n - 1 ¥ | |8 1 n

ba bu bi ba be bd bo
In addition to the above forms, there are nearly 40 others, which usually
contain a special feature representing labialisations. For example,

+ A & & L

qwé 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 Ambharic 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 Ambharic software.

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

instead 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

Ambharic texts using transliterations software.

3.2. Word Classes in Ambharic

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)° categorized Amharic words into eight classes,
including mnoun, pronoun, verb, adverb, adjective, preposition,
conjunction, and interjection. Baye (1987)10 and Getahun (1995)!
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
19 Date is according to the Ethiopian calendar
1 Date is according to the Ethiopian calendar
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Getahun. It is because that we found it necessary to separate pronouns
from nouns and separate conjunctions from prepositions in tagging and
parsing 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 other roots, or
stem like /samay/ ‘sky’, /maret/ ‘earth’, /dongay/ ‘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 /mdsdl/ o3 g uEd it
/mals/ ‘answer’ , and /qarat’/ 4ax’. Different types of derived nouns are

provided in Getahun (1995).

According to Getahun (1995), the Ambharic noun has the following forms
and positions in the sentence.
e It takes the morpheme _wo&g, or -o&é at the end to make it plural.

/bare/ox /barewocc/oxen
/foyyéal/ goat /foyyéloct/ goats

o It serves as the subject of a complete sentence structure.
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foyal sar yobélal /goat eats grass / (1)

goat grass eat

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

dawit bare gézza [Dawit bought an ox/ (2)
Dawit ox bought

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

dawitd bozu bare gazza /Dawit bought many oxen/ (3)
Dawit many  OX bought

yoh bare yadawit naw /This is Dawit’s ox/ (4)
This 0X Dawit's is

e It takes type modifier as adjective.

dawit gdy barre gazza /Dawit bought a red ox/ (5)
Dawit read 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.

Singular Plural

bag /sheep béagocc /sheeps
saw /man sdwoCE /men
mékina/ car mikinawoc¢ [cars
kot'al /leaf kotalakot’al /leafs

Gender

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

and male type.

44



Male Female

antad /you andci /you

yoh /this yohaéé /this

ya /that yacéi / that
Definiteness

A noun is called definite whenever it is known or particularly defined

beforehand.
Subject gloss Definiteness gloss
bet ‘house’ betu ‘the house’
bag ‘sheep’ begu the sheep’
10 ‘boy’ loju ‘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.

Subiject gloss Object gloss Possession gloss

bet thouse’ betun  ‘the house’ bete ‘my house’
bag ‘sheep’ bagun ‘the sheep’ bage ‘my sheep’
16 ‘child’ lgjun ‘the child’ 16je ‘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 —(d)fna. For Example
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Cardinal gloss Ordinal gloss

and ‘one’ and-anna ‘first’
assor ‘ten’ assor-anna “4enth’
haya ‘twenty’ haya-nna ‘“twentyth’

Compound Ambharic numerals are constructed by concatenating multiple
numerals sequentially like those in English. For example,

huldt méato sélasa Jtwo hundred thirty one/

sosot mato hdya and- &nna /321st/

In Ambharic, 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/l antéd/you (m) ancéi/you (f)
drso/you (pol) orsu/he, it dresva/she
onna/we dnnanta/you (pol) dnnarsu/they

oresacéw/ he, she (pol)

These pronouns are used especially for emphasis and contrast because

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

below.
dmmokkaoralldhu /1 will tray. /
try - Aux- 1
éne dmmokkadraldhu /1 will tray. /
1 try - Aux- I

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) -§/your (f)
-wo/your(pol) -u/his or its -wa/her
-accon/our _acéohu/ your (pl)-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 /fallaga/ find’ the

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

-hn /me

~wot/you (pol)

-n/us

The subject of a sent

suffix is called subject pronoun marker. Both the pe

-h/you (m)
-w/him or it

-acchu/you (pl)

verbs have the subject affix.

-§/you (f)
-at/her

Considering the stem /fallag- / find’,

_a&éw/them (him, her)

ence can be found attached itself to the verb. This

rfect and imperfect

the

different subject affixes for both perfect and imperfect verb types are

given in the table below.

The perfect verb shows actions that are completed wh

Table 3.1 the Subject Marker

describe actions that are incomplete.

Singular Plural | W
person subject example subject example
suffix suffix
1st -hu fallaghu -0n fallagon
g 2nd musc. -h fallagh
o Female -§ fallags _aééohu | fillagaccdhu
@ Pol. -u fallagu
= | 3{d musc. -4 fallaga -u fallagu
Femal -4¢ fallagic
15t 0- ofallogalléhu | on- onfallogallan
g | 2ndmusc. to- tofdllogallah
b Female to- tofallogiallas | to- tofallogallachu
= Pol. yo- yofallogallu
Q | 3rdmusc. yo- yofallogall yo- yofallogallu
Femal to- tofallogallace

ile the imperfect
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3.2.3.The Adjective Class

Adjectives can also be classified into primitive and derived adjective
classes. Like English adjectives, Ambharic adjectives precede the noun
they modify.

tollog 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/

¢ H

ox’:

yoh bare  /this ox/ (7)
this 0xX

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

In (7) itis a determiner, whereas in (8) it indicates 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’-ace (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 /sébbar-/ reak’ 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
Jalld/ ‘exist’ and /naw/ s’ / nabar/ ‘was’ which is the perfect form of

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

3.2.5.The Adverb Class
Amharic adverbs modify a verb in terms of time, position and condition

(circumstance) (Getahun, 1995).

dawit tolo aldmit’am  /Dawit didn’t come quickly./ 9)
Dawit quickly didn’t come

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

Jaloméat’tam/.

Adverbs are classified into primitive and derived words. Some examples

of the primitive words are /gédna/ ‘not yet’ and /tolo/ ‘quickly’ while the
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derived words are /kofuna/ ‘badly’ and /ménonna/ ‘seriously’. In a
language that has 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 bafot nat wada gondéar 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 / ba/ and /fot'nat/, which
is a combination of preposition and noun. In this case, it is a

prepositional phrase that plays the adverbial function.

aster dawit wida gondar sihed aldgqasact /Aster cried when Dawit
Aster Dawit to Gondar going  cry went to Gonder. / (1 1)

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 gondar heda /Dawit went to Gondar./ (12)
Dawit to Gonde went

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

the adverbial function.

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

either as a noun or as an adverb depending on the context. For example:
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wada hayl talawat’a /1t is changed into force./ (13)

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

ba-hayl yosaral /He works strongly./ (14)
by inside works (he)

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

3.2.6.The Preposition Class

Prepositions in Amharic are words that can be combined with nouns.

Words like /ond&/, /wada/, [sdld/, /14/, and /ké&/ are prepositions.

dawit kidgondéar andamat’a tanna /Dawit sleeps as he came from Gondar./(15)
Dawit from Gondar as he came sleep

dawit wada gondar heda /Dawit went to gondar./ (16)
Dawit to Gondar went

dawit onda kasa ayocakkulm /Dawit didn’t hurry like Kassa. /  (17)
Dawit like Kassa din't hury

dawit soladakkama marraf alabbét /Dawit rests as he tired. / (18)
Dawit as he tired rests

All the underlined words from (1 5)-(18) are prepositions.r

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

following features.
e It is placed before a noun and acts as an adverb.
e It doesn’t inflect.

e 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 /énna/ ‘and’, /md/ ‘and, too, also, even,
either’, /nagir gon/ ‘however’, [waydm/ ‘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/ qf. 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 similar 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 some 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 méat’a go§ ! or  g0S abbate méat’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, and complement, in parsing Amharic sentences. These are not
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word categories, but are used to specify the function of a certain word or

phrase in a sentence.

Determiner: a construct used to specifically point out or differentiate a

certain thing. For example

dawit [bAt’am ondé wandomu saw fari] naw (19)

—_——

Dawit very much like his brother human afraid is

/Dawit is very much shy like his brother. /

In (19), /bat’am/ ‘very much’ specifically points out how the subject (i.e.

he) is shy and thereby labeled as a determiner.

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

hulét gize tdmohorot bet heda /He went to school twice./ (20)
Twice education house he went

In (20), /hulat gize/ 4wice’ is used to quantify the number of times the

subject (i.e. he) 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 (2 1)
the verb is modified by a prepositional phrase.

ba-makina wada bet heda /he went to school by car./ (21)

by car to - house he went
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Here, the prepositional phrase /ba-mékina/ ‘by car’ is labeled as a
modifier for the VP. /wada bet heda/ ‘went home (he)’ is a sentence by
itself, and the function of / ba-makina/ is to build the sentence by giving
more information about the instrument. More details on modifiers are

provided in Baye (1986) and Getahun (1995).

Complement: a construct that is used to make a certain idea complete.
For example,
*kasa gaddala /Kassa killed. / (22)
kasa anbésa gaddala /Kassa killed a lion. / (23)

/andbasa/ Tion’, which is a noun, is a complement in (23). It is
considered as a complement because it is used to make (22) the ill
formed sentence /kasa gaddalda/ 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 syntax of the
language also exhibit a unique structure. The syntactic structure of
Ambharic sentence is SOV (Subject-Object-Verb). The modifiers in such

structure generally precede the word or the phrase they modify.

* i1l formed or not acceptable construction
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3.4.1.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, 19995).

3.4.2.Noun Phrase

Pronouns and proper nouns are main constituents of Amharic noun

phrases.
dne at’@naldhu /1 study. / (24)
I study
dawit bare géza /Dawit bought an ox. / (25)
Dawit ox buy

The pronoun /one / T in (24) and the proper noun oT personal pronoun
/dawit/ ‘Dawit’ in (25) are noun phrases. We can formulate rule 1 and
rule 2 from construct (24) and (25).
Rule (1) NP > IPP
Rule (2) NP - PERP
In Amharic noun phrases aré constructed from sub phrase and main
phrse (Baye, 1986). The sub noun phrase (SNP) is made up of the head
word and/or one more noun as complementary.

[bet] (26)

house

57



[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 /yéasar/ that is complementizer of
the head word. Hence, we can derive the following rules from these noun
phrases:

Rule (3) SNP 2> N
Rule (4) SNP > NP + N

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

additional words or phrases as modifier.

[tollaq bet] (28)
big house

The main phrase given in (28) is consists of a sub phrase /bet/ and an
adjective / tolldq/ as a modifier. It can be represented with rule (5), as
shown below.

Rule (5) MNP > ADJ + SNP

[tolloq yasar bet] /Yesterday’s big thatched house. / (29)
big yesterday’s house

[yaténandtu tollaq yasar bet | /Yesterday’s big thatched house. /  (30)

yestrady’s big thatched house
[hulat tollog yasar bet] /Two big thatched houses. / (31)
Two 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).

[tolloq yasar bet]
NP [aqj [t0ll0q snp [yésar bet]]
Rule (6) MNP - ADJ + SNP

[yatonandtu tolloq yéasar bet |

Np [ Np [yAtonanodtu] aq; [tolloq] swp [yésar bet]]
Rule (7) MNP - NP + ADJ + SNP

[hulat tollaléq yasar bet]

NP [Quant [hulét] aqj[tolloq] ne[ydsar bet]]
Rule (8) MNP = Quant + ADJ + SNP
MNP - 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 [aldqdsé] /Dawit cries./ (32)
Dawit cries

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

Rule (9) SVP 5 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 [mdsawdn billal /Dawit ate his lunch./ (33)

Dawit his lunch eat

The transitive verb /bélla/ in (33) takes the NP /mdsawdn/ as an object.
Rule (10) SVP-> NP+ TV

Sometimes transitive verbs might take two objects as complement of the
verb.

dawit [lakasa mis’ shaf sat’aw] /Dawit gave a book to Kasa. / (34)
Dawit to Kassa book give him

In (34), a complement PP /lékasa/ which is the indirect object precedes
the direct object NP / mas ohaf/.
Rule (11) SVP> PP+ NP + TV
Even though intransitive verbs (IV) don’t take NP as an object, they can
take PP as complement of the verb.

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

dawit to work went

In (34) the sub phrase consists of /hedd/ as head word and PP /wéada

sora/ as complement.
Rule (12) SVP > PP+ 1V
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 hulét bare gazal /Dawit buys two oxen. / (36)
Dawit today  two ox buy

Rule (13) MVP > 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 wadé sora hedd] /Dawit went to work quickly. / (37)

Dawit quickly to work went

Rule (14) MVP-> ADV + SVP

dawit [kasa sdldtamaméa wéad4 sora aldhedam)| (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

16joééu [tonant bamkina [wada gonddar 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 head adjective alone or the head word with other constituent.

dawit [s&dnnéf] naw /Dawit is lazy. / (40)
Dawit lazy is

dawit [s&w fari] naw /Dawit is afraied of human being./ (41)
Dawit human afraid is
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The underlined words in (40) and (41) are sub adjectival phrases
(SADJP). They include an adjective /sdnnaf/ in sentence (40) and a noun
and an adjective /sa&w fari/ 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 [ondawanddmu saw féri] naw (42)
Dawit like his brother human afraid is

/Dawit is lazy like his brother. /
Rule (19) MADJP - PP + SADJP

Adjectival phrase can be constructed with a sentence and an adjective,
as shown in (43).
dawit [kiwdndommu yobalot’ sdw féri] ndw (43)

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 mapsp[s[kédwénddmu yobaldt] sapsp[sdwu féri|] naw
Rule (20) MADJP > S’ + SADJP

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

is represented in rule (21).

62



dawit [bat’am dnda wandomu siw fari| naw

Rule (21) MADJP - 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 [ldkassa] néggédrdw  /Dawit told (to) Kassa./ (44)
Dawit to Kassa tells
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. /wadéa/
or /1d/) and an NP (i.e. /bet/ or /kasa/) respectively. The structure is
formalized as rule (22).

Rule (22) SPP-> PRE + N

There are cases where a preposition appears after an NP, as shown in
(46) below. It is called post position (POP).

dawit [bet wost’] alld  /There is Dawit inside the house. / (46)

Dawit  house inside  there is

The preposition /wdst’/ comes after the NP /bet/.

Rule (23) SPP> N + POP

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

dawit [kdwdnddmu gar] head /Dawit went together with his brother. / (47)

Dawit from his brother with  went
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The sub-phrase, which is underlined in sentence (47), takes a

preposition /ké/ as a complement.

Rule (24) SPP-> PP + POP

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

with another preposition.

. |[kéangéat balay] /above the neck. / (48)
from neck above
[6nd& gébéro bagudgWad] / like a fox in a hole. / (49)
like a fox in the hole

The underlined words in (48) and (49) are main phrases, which are
modified by PPs that precede them.

Rule (25) MPP- 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] tammama /Dawit is seriously sick. / (50)
Dawit seriously sick

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

Rule (26) SADVP-> 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 [0Onda abbatu kofunna] tammama (51)
Dawit like his father seriously sick

/Dawit is seriously sick like his father. /

/onda abbatu/ is a PP that modifies the sub phrase /kofunna/.
Rule (27) MADVP-> PP + SADVP

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

determiner.
dawit [bat’am dnda abbatu kdfunna] tammama (52)
Dawit very much  like his father seriously sick

/Dawit, very much like his father, is seriously sick. /

The determiner /bat’am/ is inserted before the PP /dnda abatu/ in (52).

Rule (28) MADVP - 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 shown in (53).

S [Np [Quant [hulét] Adj[tallalaQ] N[l@jOéé]]
MVP [N [tananat] SVPp [Mpp [Pp [b@makina] spp [wada gonadar] w [hedu]]]] (53)
Rule (29) S-> 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 [waAnbéaru] Tv [tAsdbbari]] (54)

s [np [dawit] ve [pp [lAwdndomu] np [gdnzab] vp [lakallat]|] (59)
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s [np [dawit] ve [pp [k&wandomu] pop [gar]] v [hed&]|] (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).

ne [s' [np [dawit] ve [cv yAsdbaraw]] sne [yasakola boroc' dqol| (57)

np [ [wp [dawit] vp [np [ténant] ve [cv yasdbaraw]]
snp [yasakola bordc' oqol] (58)
In (57) and (58) the subordinate or the dependent sentence is made up of
a noun phrase and complementized verb.

Rule (30) MNP- 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).
svpls’ [np [dawit] vp [bOrdc’ dqo dndsabbari]| rv [sdmmacc]] (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> 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 (s [np [dawit] v [pp [kdgondar] vp [nd&dmaét’a]]]

sve[s'[np[aldm]vp(pp[wdda nazzoret]vp[dnddhedadc]|lve[sammal]] (60)
The two dependent sentences in (60) are the subordinate sentence that
modify the sub verb phrase and the bound sentence that complements
the transitive verb.

Rule (32) MVP- S’ + SVP

In the above case, the NP in the subordinate sentence modifying the sub
verb phrase can be deleted because it is already described in the VP
/onddédmét’a/. For example:

vp [s' [vp [pp [kdgondér] vp [Onddméat’a]]]

vp[s[np[aldm]ve[pp[wéada nazzoretlve[ondédhedacé|]]rv[sdmma]](61)

Rule (33) S PP + VP

It is also possible to construct complex noun phrases and complex verb
phrases by using complex adjectival phrases. An adjectival phrase
becomes complex whenever it contains a relative clause (Getahun, 1995).

Mapup(s [vp [ ] ve [pp [k&al&dm] ve [yADALIALACE]]] aps [kondjo]]  (62)
What is given in (62) is complex adjectival phrase that consists of a
sentence and adjective.

Rule (34) MADJP-> S’ + 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).

[kéaldm yaballat’ace kondjo] 18] kdgondéar mat’ase (63)

alomaz [kdaldm yaballatace kondjo] nade (64)
The complex adjective in brackets attaches itself to the noun phrase /19j/

in (63) and verb phrase /nac¢/ in (64).

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

s[np[s[n[dawit] cv[yagazzaw]] n[mékina])

svp [v [zare] 1v [tagallabat’d]]] (65)
For example, (65) is a complex sentence consisting of one sub verb
phrase and one complex noun phrase.

The second alternative to construct a complex sentence is by making the
verb phrase complex.

s [np [dawit]

sve[s' [wp [aldm] vp [vp [bet] cv [Onddsdracé]] tv [samétowal]] (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 [we[s e [ ] sve [pp [kégondér] cv [yAmat’acow]]] w [16i]]

sve[s’ [wp [dawit] cv [Ondawadddat]] v [awaqace]]] (67)
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The illustration given in (67) contains both complex noun phrases and

complex verb phrases.

Baye (1986) classifies Amharic sentences into declarative, interrogative,
negative and imperative sentences. However, in this study we only

examined the declarative sentence.

3.6. Amharic Structural Ambiguity

Structural Ambiguity is the most common type of ambiguity in Amharic
sentences. Structural ambiguity occurs when a constituent of a structure
has more than one possible position. Getahun (2002) identified some
sources for structural ambiguities, including locative genitive, noun
phrases with adjectival modifiers, 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 becomes structurally ambiguous whenever the genitive
noun phrase refers either only the next word only or the whole noun

phrase.

1. yA — abdsa tarik astdmari (68)
of — Abyssinia — history  teacher
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ches Abyssinian history.’

(a)‘A person who teal
(b) ‘An Abyssinian who teaches history.’

(68) because the constituent /tarik/

There is ambiguity in sentence

ped in more than one way such as 2a and 2b.

history’ can be grou

2a. np [Np Y&~ abasa tarik]| ne [astémari]] ‘Abyssinian history teacher’

‘An Abyssinian who teaches

tarik] e [ astamari]]]
history’

2b. np [y — abasa [ [ve [

Thus, /tarik/ ‘history’ can occurs as the head of the genitive NP / y& -

s complement of / astamari/ “eacher’ in /tarik

abaga tarik/ or &

astamari/ ‘history teacher’.

ples illustrate that genitive NPs are one Source of

The above exam
tive NP of the type: [ y&

NP NP NP

structural ambiguity, for every geni

can have either of the following realization:

a. [ya NP1 NP;] NP3
b. [ya NP1 (NP2 NPs]

the phrase while NP1 and NP2

NP3 is considered as head of

In case of (a)
e head. The modifiers form rule 35

are considered as modifier of th

Rule (35) NP-> GNP + NP2

And the main noun phrase would be:

Rule (36) MNP-> NP + NPs3
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In order to realize the second (type b) structure, the second NP (NP2)
must be genitive NP.

(b). [y&a NP1 [ya NP, NPg]
Hence, NP3 is considered as head of the phrase but NP, is its
complements while NP, its modifier.
Rule (37) SNP-> GNP + NP3

Rule (38) MNP-> GNP + SNP

2) Noun phrases with adjectival modifiers.

fat’t’an fards galabi () One who rides a fast horse. 69
g
fast horse rider (b) A fast person who rides a horse.

In (69), the adjective /fatt’an/ ‘fast’ can modify /faréas/ ‘horse’ or /farés
galabi/ ‘horse rider’. In the former case, the phrase has the following
structure.

np [np2 [fAt’t'an faras] ne1 [galabi]] ‘One who rides a fast horse’

Rule (39) NP> NP2 + NP1

In the latter case, if the adjective modifies the noun phrase /faras galabi/
the structure becomes:
np [apu [fAt't’an] NP [fards galabil] A fast person who rides a horse’

Rule (40) NP->ADJ + 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. batam tolldq saw fari (70)
very big person fearful

(a) One who is afraid of a very big man.
(b) One who is afraid of 2 big man very
much

In the constituent [bat’am ADJ NP1 NP], the head of NP2 is &
participle, /bat’am/ wery can modify [AdjP1], as in (2a).

2a. sapJp [np [ADIP [bat’am tollaq) saw] fari]] ‘One who is afraid of a very
big man.’

Rule (41) MNP-> ADJP* N

Rule (42) SADJP> MNP * ADJ

When /bét’am/ yery 1is considered as the determiner of the entire

structure [ADJP NP1 NP2), it is interpreted as (2b).

Ob. sapJe [DAAM [apap [nP [toilloq saw] fari]]‘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 / pbat’am /, which may specify the entire NP or the ADJP in it.

4) Conjoined structures
Take the following conjoined structures as illustration.

1. wat't'at wand-o¢¢ onna set-0CC (71)
young man - Pl and women-pl

(a) young boy and younsg girls
(b) young boys and women
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When the adjective / wit'at/ modifies the entire phrase, we have the

following structure:

e [wat't'at § [wand-oc¢ dnna set-0G¢]] Young boy and young girls’

Rule (45) NP> ADJ + NP1+ NP2 ]

But if the adjective only modifies the first conjunct, we will get the
following structure:
np [np [wat't'at wénd-oc¢] onna np [set—0C&¢]] Young boys and women’

Rule (46) NP~ NP1 + NP2

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

and the associated readings.

(a) [Modifier [NP, o&nnal NP2]]
(b) [Modifier NP;] énna [NP2]]

5) Different relativized position
It is another cause of a sentence’s having two different readings.
anbasa ya - gaddal-a-w gabéare (72).
lion comp killed-3mss-3mso farmer

(a) A lion that has killed the farmer
(b) The farmer that killed the lion.

Two possible interpretations of sentence (72) are illustrated in Figure 3.1.

13



/NP
o

(‘,\ ~ i N
e < \ AN y

C
NP oot B / l
&
anbié'isaj —\l/ l géltv)érei NP E/P . gabare;
/N E 47
NP AV 1 /\
li l NP vV
gaddal-a-w; !
anbaAsA 4 ddal-arw,

Figure 3.1 Different Relativised Position

As shown in Figure 3.1, the 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 simple NP or a genitive NP complement.

For example,

ka - figadu yo — balt’ ya- getadcaw 10j gobdz naw (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 Fekadu’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

(b).

head and a genitive NP determiner in
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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 sentences 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: “y& amarigna siwasaw” /Amharic Grammar/ by Baye
(1987), “ya4 amarifia sawasaw baqélal agararédb” /Ambharic 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 ‘¢’
stands for palatal sound; ‘€€’ stands for a more or less unique character
of Amharic, which represents a velar explosive sound and ‘A’ has already

been used for representing the usual nasal sound ‘n’.

Original ~ Phonemic Transcribed Phonemic
symbols symbols
‘a ? &? ’
66! (97
€ éé’ (99’
‘ﬁ’ ‘ﬁ!
‘g’ ‘sh’
3 28

Table 4.1 Mapping between Amharic Character and Latin Characters

The text file would change the palatal symbol, which is ‘@’ 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; T
2. Initialize Sentence Counter variable with 0;

3. Do until the end of a file
Do until the end of a sentence
i Starting from the first character in Input String, extract
all the characters up to and including the hash mark
(#), which is a sentence delimiter.
ii. Assign the extracted substring to a variable, input
sentence.
iii. Increase the Sentence Counter by one
iv. 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 verticalsed result of the sentence:

dawit kasa yayazawn addis borsa addnaqa #
is as follows:

dawit
kasa
yayazawn
addis
borsa
adanaga

#

The word extraction routine is illustrated in Figure 4.2. After words are

lexicalized they are 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 Ambharic 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 Ambharic

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.

Ambharic 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., /bare/
‘an ox’, as mentioned previously, is very likely to be attached with affixes
such as /énda-/, /-woé&&/, [-wo&tu/, [-woccée/. If the word was not
stemmed, the lexicon of a tagger would have to list all the variants of
/bére/, including /dndébdre/, /barewoéé/, /[barewoccu/, and
/barewocée/. With the help of a stemmer, there would be only one
morpheme (stem) /bare/ ‘ox’. As a result, the lexicon only needs to store

the stem entry (i.e., /bare/).

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 /yazd/ ‘(he) holds’ as a verb V'’ may tag /ydyazawun/ ‘that (he)
holds’ as an unknown category ‘UNC’, 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 Yy’ from ‘lady’ in
English. In Amharic, removing the prefix /14/ ‘to’ from /lamlam/ ‘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:

e Al: do not perform any affix removal;
e A2: remove a shorter form affix;

The five conditional rules are:
e 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.

e (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 suffix.

e (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.

e 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.

e 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 C1-C5 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’- Cl: ‘wuna’ Al yawuna
Else A2:remove Y’ | yat’dbkutn, yaméat’ahutn
la’- Cl: b’ Al lab
Else A2: remove 1’ | labab4a, lamat’a, lamt’a
‘as’-, ‘at’-, | C1: vowels Al asa, ato, sto, ayd,ayu
‘st’-, ‘ay’- | (&, 1,1, a, €, 0, 0)
-‘at’ C2: 10m, séb, sor Al lomat, sabat, sorat,
ka’ C3: klkl, ktm, k'sk's Al kalakala, katama,
gasdqasa
ba’ C3: bll Al ballaw, balla,
-n’ C3: hs'n, c'kn, mn, wn Al hés'an, c'ék'un, Jmun,
owun
-‘nat’ C3: mnt, wnt A2 remove | omnéat, dwunét
st
-‘at’ C4: length < 5 A2: remove ‘t’ | togat,
-‘at’, -’ C5:[(C2 a vowel) or|Al sdrat, tgat, hulédt, sost,

(length < 5 )or (C3: hlt,

sst, rt, mst, sbt, smnt)]

art, amst, sdbat, somnt

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: /qisdqésd/ ‘he awake’, /qdsqasa/ ‘awakeness’, /qésdqéso/
‘after he awake’, /qisqdsa/ ‘after she awake’, /qasdgésu/ 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 string to infix remover subroutine
component
e. Get a string from the infix remover subroutine
component
f. Pass the string to suffix remover subroutine
component
g. Get the stem of a word
2. Tag the word with a part-of-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
adandqa adédnéga
# #

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 first 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 c1-c5, apply
al ora2 and GOTO 7

ELSE GO TO 6
ELSE
IF length (TEMPP)>1 THEN assign length (TEMPP)-1 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 ELSEGOTO2

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 /tis&babbérd/ ‘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

Iterative verbs are verbs that double the initial character (sibzbars) of the
two identical consonants found in the middle and place a vowel ‘@’
between the doubled consonants (sibsabsbors) (Nega and Willett). The
prefix removal function first removes the prefix /t4/ and passes it to the
infix function. The infix removal function then returns the basic verb
form /sébbard/ ‘(he) broke’ by removing the first consonant of the
doubled consonants along 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
adandqa adanéq
# #
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1. Get WORD and count the number of radicals (or consonant)
2. IF number of radicals< 3 THEN stop and returmn WORD
3. IF length (WORD) < MAXSL+2) THEN assign the last length (WORD)-2
Character to a temporary suffix, T EMPS
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 T HEN checks the context—sensitive rules c1-c5,
apply al or a2 and GOTO 7

ELSE GO TO 6
ELSE
IF length (TEMPS)>1 THEN assign length (TEMPS)-I characters to
TEMPS and GO TO 4
ELSE return WORD
6. Remove Suffix

7 IF number of radicals of WORD >2 or length THEN GO TO 1
ELSE GO TO 2

Figure 4.7 the Suffix Removal Algorithm Developed by Nega and Willett

4.2.2.The Part-of—Speech Tagger
It is not an €asy 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 30t and the 31st 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 abédb
972 ZAar

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’alla\CN) denotes
the (lexical) probability of /t’alla/, a common drink, being a concrete
noun, and P(t’alla\TV) denotes the (lexical) probability of /t’alla/ ‘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:

M

p( S, J _ number of limes S, appears incategory &
&

total number of stems with category C,

i

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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PP D AT — CC DR
Category
ode
Stem
Code
1 0.010 [ 0.012 | =mmem mmmee eeeee 0.022 | 0.036
972 0.021 [ 0.013 | =====  =====  =eee- 0.028 | 0.014

Table 4.5 Lexical Probability Table
4.2.2.4. Transition Probabilities Table
Transition probabilities are denoted by P (Ci\Ci-1... Cn) and refer to the
probability of a category given one or more previous category. For
instance, the probability of a noun to be preceded by an adjective is given
by P (Ci = Noun\Ci.: = Adjective). Depending on the value of n (which tells
us the maximum number of categories being considered), we can have
bigram (n = 2), trigram (n = 3) or, in general, an n-gram transitional
probabilities. If (n = 2), the model is a bigram model and it is denoted by
P (Ci\Ci1). If (n = 3), the model is a trigram model and it is denoted by P
(Ci\Ci-1Ci2). 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:

» ¢ Count of the number of times C, and C,_, occurs together in the corpus
- Number of times C,_, 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.

Category | IPP DDP | =====  mmemem eeeee DR (%)
Code
Category
Code
IPP 0.013 | 0.003 | =====  ===== ==mem 0.012 | 0.062
%] 0.024 | 0.022 | =r=mr mmmem eeee- 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 sequencel, , ..., W, , lexical categories L, ,...,Ly , lexical
probabilities PROB (W%} , and bigram probabilities PROB [L*' T ) ,
i i1

find the most likely sequence of lexical categories C,, ...,C, for the
word sequence. Where [, is a word category that is preceded by
(Li-l) word category.

Initialization Step
Fori=1to N do

SEQSCORE (i,1)= PROB [”% ) « PROB (L%j) , where I, is a word
1

(Ea§egory at an initial position that is not preceded by any word
9]
BACKPTER (i,1)=0
Iteration Step
Fort=2toT
Fori=1to N
SEQSCORE

SEQSCORE (i,t)= MAX ,_, y [PROB (%Sj’hl - }x FHtl [W%J

BACKPTR (i, 1) = index of j that gave the max above
Sequence Identification Step
C ()= I that max imizes SEQSCORE (i, T)
Fori=T-1to1do
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 at each position using an (N % T) array, where

N is the number of lexical categories (Ll ,...LN) and T is the number of

words in the sentence (#,,..W,). The array SEQSCORE (n,t), records the

probability for the best sequence up to position t that ends with a word
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in categoryL,. To record the actual best sequence for each category at
each position it suffices to record only the one preceding category (LH)

for each category and position. Another (Nx T) array, BACKPTR, will
indicate for each category in each position what the preceding category is

in the best sequence at position (1—1).

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 attached to the stem and assigned to the

previous word.

In the updating category function, six additional POS are included that
were not used 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 1obs
TV E a DN sdbbara
TV as i CN astamari
CN onda E PP ondébére
TV E i CN tamari
TV E ahut TV aydhut
TV ya awun Cv yéyazawun
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

the 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

affix(s). When a transitive verb is affixed with one of the verbal prefix

such as Y4’ and the suffix ‘4wn’ (e.g. ydyazdwun), its part of speech tag

will be updated into a complementized verb and tagged as a CV

(yayazawn\CV). Finally, an input sentence is processed into the following

format, which will be passed to the sentence-parsing module:
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dawit\PERP
kasa\PERP
yayazawun\CV
addis\ADJ
borsa\CN
adénaqa\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.

Stemming
Rules

Input
Preprocessi

y

POS POS Updating

Rules

Updating
the POS

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.



5.1.1.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 P, fo 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
Fyto P,
i. find any matching inactive edge
C—X, X, cfrom the chart

ii. Combine the active and inactive edges
intoX - ColkX, ..X,

b. For each grammar rule in the form of C - X, .. X, ,
Then add inactive arc of from C— X, ..X, o, from

vertex Rio.R,

i.find any matching active edge A 3 6CAy iy iy
the chart

ii. Combine the inactive and active edges into
X—>CokX, ..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 (0,0,S — oNP V'P)

o find any matching inactive edge from the chart:
edge (0,2, NP — PERP SNP o)

o combine the active and inactive edges and add the new edge
to the agenda:
edge (0,2,5 — NPo VP)

e when adding an inactive edge from the agenda to the chart
o take an inactive edge from the agenda:
edge (0,2, NP — PERP SNP o)
o find any matching active edges in the chart:
edge (0,0,5 — oNP V'P)
o combine the active and inactive edges and add the new edge
to the agenda:
edge (0,2,5 - 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.

5.1.3.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.

1.S—> NP VP 8. MVP — SVP

2. NP - MNP 9. MPP — SPP

3. MNP — SNP 10. SPP — PP

4. SNP — PERP 11.SVP — MNP TV
5.8NP - CN 12.SVP — MPP MNP TV
6. VP - MVP 13.5VP > TV

7. MVP — MPP SVP

Figure 5.2 A Simple Context-Free Grammar

104



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.

5.1.3.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.

.S > NP VP 8. MVP — SVP

2. NP — MNP 9. MPP — SPP

3. MNP — SNP 10. SPP — PP

4. SNP — PERP 11.SVP — MNP TV
5.8SNP - CN 12. SVP — MPP MNP TV
6.VP — MVP 13.85VP > TV

7. MVP — MPP SVP

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 ldkasa\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 P: to P2 is read and the
constituent PERP (personal pronoun) placed onto the agenda (step 1.A).
We then check whether it is already recorded in the chart (step 1.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 — oPERP) 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 1.C.a.i, ii). 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 —> PERP o). We can therefore build the edge(l,Z,SNPePERP o).
Completing the arc SNP — PERPo causes adding SNP into the agenda
(step D). Likewise, SNP is added to the chart by selecting it from the
agenda; consequently the 31 rule (MNP — oSNP) is added into the chart.
Completing arc MNP — SNPo causes moving MNP (main noun phrase)

into the chart. As a result, rule 2 (NP —>oMNP) and rule 11
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(SVP — oMNP T V) are invoked and added into the chart as an active edge.
The completion of arc NP — MNPo adds NP to the agenda. Finally, NP is
pushed into the chart, which invokes rule 1 (§ — NP ¥P) and adds it to

the chart as an active arc(S — NPo VP).

The next word “lakasa” 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—>PP o). 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 — SPPe causes MPP (main
prepositional phrase) to be entered into the chart. The addition of MPP
activates rule 7(MVP — MPPo SVP) and rule 12(SVP—MPPoMNP T¥);
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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SVP —> MPP o MNP v,

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 — oCN ) and ultimately the
arc SNP - CNo 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—»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 1.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—>MPPoMNP TV) meets the
requirement. As a result, the active edge is
extended (SVP — MPP MNP © 7V). The completion of rule (MNP — SNP o)
also enters rule 12 (SVP — MNPo TV ) and rule 2 (NP —> MNP o) into the
chart. Finally, the completion of arc NP — MNPo invokes rule

1(S > NPo 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 — MPP MNP oTV and SVP — MNPoTV . Such extension completes the

arcs and enters SVP1 and SVP2 into the agenda using step (1.C.b.i, ii).
Completing SVP2 (sub verb phrase) and selecting it from the agenda

extends and completes the active arc (MVP — MPPo SVP). By the same
way completing and entering SVP1 into the chart invokes and enters rule

8(MVP > 0SVP) into the agenda. Entering this edge into the chart
completes arc(MVP — SVP o). The completion of arcs MVP — MPP SVP o
and (MVP — SVPo) enters MVP1 (main verb phrase) and MVP2 into the

agenda. The insertion of MVP1 and MVP2 into the chart causes rule 9

(vp - 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

§ — NPo VPwill be completed in step (b, i) by the arc extension
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Figure 5.4 the Final Chart
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The agenda is now empty, SO wWe exit the loop. This takes us to step 2 of
the algorithm. As is shown in the chart, W€ have two passive “S” nodes

from the first to the last word in the sentence.

We have succeeded in recognizing the sentence by obtaining two
complete structures of the sentence. To better illustrate the parsing
results, we extract the parse trees from the final chart, which are

displayed in Figure 5.5.

e Untitled - AmParser 7 Bicroprons
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Figure 5.5 Parse Structure of the Final Chart
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The above parse trees record the syntactic structure of the input

sentence. Each tree consists of a parent node and several child trees.

5.2. Disambiguation Rules

In resolving structural ambiguities, a rule-based method is preferred
than a statistical method in the design of the parser. ASs stated 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
generated 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 MVP

h c l

s X /\ /LN

SPP MNP TV MNP TV MPP MlilP TV
j SNP SNP \ SPP SIJP \
bat'or L oaddala | pala j SAUACEW

C ) ¢
CN Y lakas
L injara mas’haf

anbésa

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:

o Action Verbs that are Transitive (balla, sabbra, laka)
e Action Verbs that are Intransitive (heda, gaba)

e Action Verbs without complement (alégés, c'c'oh)

e Auxiliary Verbs of be (naw, yomasdlal)

o Verbs of Existence (all&, noréa).

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 ganzéb lokolatal # (3)

Abeab two times to Aster through bank money he has sent

‘Abebe has sent money to Aster through bank two times.’
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/ldkolatal/ ‘he has sent’ is the head of the verb phrase, which is a
transitive verb. The headword is complemented with an object /génzab’/,
thus /ganzéb lokolatal/ ‘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:
/hulét gize laaster babank ganzéab lokolatal/

One main structural ambiguity encountered in applying the grammar
rules in this thesis is caused by misplacing modifiers as complements
and vice versa as it is shown in Figure 5.5. Another ambiguity is due to
the inability to identify appropriate word groups of complements and
modifiers. It has great impact on disambiguation to identify the
boundaries of complements and modifiers, for sub phrase (SP) and main

phrase (MP) structures are essentially determined by boundaries.

The head of a noun phrase is located at 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).

5.2.1.The Dictionary

The dictionary provides knowledge about a list of headwords including

their inflected forms. It contains list of headwords, the grammatical
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sense category of each headword with its part of speech, and the

structures of complements and modifiers of each headword category.

The dictionary is stored in a related file. Table 5.1 lists category of
headwords of both noun and verb phrases. Words belonging to the same
grammatical sense category at least share similar complement

structures.

Stands for noun phrase
headword that takes object
complement.

Stands for noun phrase
headword that doesn’t take
obiect complement.

Stands for transitive verb that
takes only one object
complement.

Stands for transitive verb that

takes two objects complement.
Intransitive verb that shows
movement from or to different

Single object transitive
verb

Table 5.1 Different Categories of Headwords

The list of headwords along with their appropriate grammatical sense

categories is given in table 5.2.
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Category | words |
—  ilbet |
— a|satta |
i
| 4|wasdda
5|
— 5mata
| 3|gaddala
2]
— 6lqoma |

Table 5.2 List of Headwords against Category

The structural relationship of complements and modifiers to the
headwords of the verb phrase and the noun phrases arc stored in a flat
text file. It consists of four files, including verb complements, verb

modifiers, noun complements and noun modifiers.

The complements and modifiers are 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 brackets. 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 grammatical sense category of the headword 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 T
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 { ' {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 headword /satt’acéw/ ‘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.

TWhile input not finished
Begin
Find the next input string
IF the string is not “}” THEN
Add the component to the stack
Else
1. Take all elements up to the opening brackets ek

0. 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.
End
End

L

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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Open all disambiguation rules files.
Generate a tree from a rules
Go to the verb complement file
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. If found 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 5
f. Else report failure in disambiguation.
5. 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
i. 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.

W

Figure 5.10 the Algorithm for Structural Disambiguation



Two structural parses are generated for a sentence (1), as shown in
figure 5.4, for the constituent ‘PP’ can be classified either as a
complement or as a modifier. By applying the fifth line of the verb A

complement disambiguation rule, we assign ‘PP’ as a complement.

The disambiguation rule disambiguates the two alternative structural
parses of sentence (1) at the first loop of the algorithm, or at the verb

complement stage (step 4.e.ii) as shown in figure B.ll

/ tacophone. B2 Toos B 7

= Untitled - AmParser
File Edit Wiew Parse Help

Esentence  Nextidd Stem . Tag ESRule EWord tParse RAules Words Parses Disar
Parser - By Wube
Disambiguties removed by Disambig-2
/OS
NP VP
MNP MVP
SNP SVP
PERP MPP MNP 14
aster
SPP SNP DOTV
sEt'acewW
PP CN
lakasa mis'hat

Figure 5.11 the Correct Parse of Sentence (1)
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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
Preprocessing

Active Chart
Parsing

CFG Rules J

L

__»| Rule Dictionary
o )

Figure 5.12 Diagrammatic Representation of the Parser

Parse Structure
Generation

Disambiguated
parse

5.3. The Experiment

The text selected for the evaluation was discussed in chapter four. Each
sentence 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= x 100

total number of hand parsed sentences in the lest set

The evaluation should have been approved by at least two independent
parties 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 06.2% accuracy. It is better than Mesfine’s

by 5.2%.

5.3.2.The parser Evaluation
The evaluation of the parser pbased on the given metrics shows

encouraging result. It is shown in Table 5.3.

Data/ set | No of INo 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
stemming, 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 difficult to find the actual
stem of a word after its affixes are removed. For example the word
/misrat/ ‘doing something’ has a prefix of /mé/ and suffix of /at/.
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 /cécc/ and builds the actual stem
which is /sé&rr/. 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.

Word Actual
POS

Suffix

sabbra Derived
Noun

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
talla/TV ‘(he) hate’ and t’illa/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.
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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 VP) and dependent sentence (S’>MNP
MVP) 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 2 rule-based syntactic
disambiguation parser for Amharic language. In chapter one, W€
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 Ambharic 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
Ambharic 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 above 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 then 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 Ambharic
sentences, which integrates rule-based and statistical methods. In
this approach, generating a single 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 generated first.
Then, the next 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 that 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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9. 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-0CCUITETCES.

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. Tt would pébeneﬂt the entire Amharic NLP community by building a
corpus in which both simple and complex Amharic sentences have
proportional representation. The corpus can be used to extract both
the grammar and disambiguation rules.

3. Future research can be’ pursuﬁﬂto develop a tree bank of Amharic.
The bank can not only supports the development of statistical parser
but also serve as a COMMOI ground to evaluate the performance of

parsers.
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APPENDIX

Tense

-on (simple perf.)
/sébbéron/ ‘we
broke’

(simple perfect)
sabbarhu/ T broke’

2nd mus.

(simple perfect)
/sébbéark, sédbbérh /
You broke’

-8

-ac¢éohu

» Fem (simple perfect) (simple perfect)
E' /sabbars / You /sabbaraccohu/
e broke’ You broke’

o -u

o Pol. (simple perfect)

%_ /sébbaru / You

broke’
-4
(simple perfect)
| sabbaréd / ‘He
broke’
-ac
(simple perfect)
/sabbarac / ‘She
broke’
-iallahu
(present perfect)
/sabbrialldhu / 1
have broken’
-oall

-u

(simple perfect)
/sébbaru/
“They broke’

Fem

on- alldn
(present imperfect)
/onsabbrallan/
swe will brake’

g-allahu
(present imperfect)
/ésébbrallahu/ 1 will
break’
to-alldh

-&nall
(present perfect)
/sébbranall/ We
have broken’

2nd mus.

(present perfect) (present imperfect)
/sébbroall / ‘you -acwall /tdsébbralldh/You
have broken’ will break’ td- allachu

-48all to-iallas

Fem (present perfect) (present imperfect)
/sédbbrasall/ ‘you (present perfect) / tdsabbriallas/ You (present imperfect)
have broken’ /sabbracwall/ will break’ / tosabbrallachu/
-awall Vou have broken’ | yg-allu You will break’
Pol. (present perfect) (present imperfect)
/sabbrawall/ You /ydsébbrallu/You
have broken’ will break’

/elre/ qioA Arerxne Yim awir) 1uasaid

3rd musc. -owall yo-all
(present perfect) -awall (present imperfect) yé- allu
/sabbrowall/ ‘He /ydsébbrall/ He will
has broken’ (present perfect) break’ (present imperfect)
-alle /sabbrawall/ to-alle /ydsabbrallu/‘The
(present perfect) ‘They have (present imperfect) y will break’
Fem /sébbrallé/ ‘She broken’ /tosabbralle/ ‘She will

has broken’ break’
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Tense | Person
st

1 -&n nabar
(past perfect)
/sébbran nébbar/

We had broken’

-e nabar
(past perfect)
/sédbbre néabbar/ 1
had broken’

-ah néabbér
(past perfect)
/sabbrah nébbar /
“Vou had broken’
-3 nabar
(past perfect)

-achu nabar

2nd mus.
(past perfect)

Fem / s&bbras nabbar / |/ sabbrachu
You had broken’ nabbar/ ‘You had
-aw néabar broken’

Pol (past perfect)

| sabbraw nébbar /
“ou had broken’

3rd musc. -0 nabar
(past perfect)
/sabbro nébbar /
‘He had broken’
-a nabar

Fem (past perfect)

/sébbra nébbar /
‘She had broken

msa_
st

_aw nébar

(past perfect)
/sabbraw nébbar
/ ‘They had
broken’

/reqeu/ qIoa ATE[IXTIE UM SWH 158

1 A-ku naw dya-n naw dya-ku nabbéar
(Present contin.) (Present contin.) (past continuous)
| éyasébbarku naw/ | /Oyasdbbarn naw/ | / dyasabbarku
1 am breaking’ “We are breaking’ nabbar/ Twas

breaking’
to- nabar
(past continuous)

| dyasébbark nabbar/
vou were breaking’
dya-§ nabar

dya-atu naw

(Present contin.)

/Byasabbaracu (past continuous)
naw/ You are / Oyésabbars nabbar/
breaking’ You were breaking’

dya-u nabbar
(past continuous)

)

2nd mus. gya-k naw

(Present contin.)
| dyasabbark naw/
You had broken’
Oya-§ naw
(Present contin.)

Fem /oyasabbars naw/
¥ou had broken’
dyd-u naw
(Present contin.)

Pol. /Byasabbaru naw/
You had broken’

JwIT) SNONUI}U0

“You were breaking

3rd musc. dya-a4 naw dya-u naw dya-a nébbar
(Present contin.) (Present contin.) (past continuous)
/Byasébbérd naw / | dyasabbaru naw/ | /dyasabbard nabbar/
‘He is breaking’ ‘They are ‘He was breaking’
gya-C naw breaking’ dya-¢ nabbar

Fem (Present contin.) (past continuous)

| dyasabbarac naw/ | dyasabbarc nabbar/
‘She had broken ‘She was breaking’

/dyasébbaru nébbéar/

dyA-n nébbar
(past continuous)
/Byasabbarn

néabbér/ ‘we were
braking’

dya-acu nébbar

(past continuous)
| dyéasabbéaracu
nébbéar/ You
were breaking’

dya-u nébbar
(past continuous)
| dyasébbaru
nébbar/

‘They were
breaking’
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APPENDIX 2: Phonemic symbols used for Amharic fidel.

Basic letters | & u i a e 0 0
U ha |hu |hi |ha |he |ho |ho
N la |lu |l la |le |18 |lo
ao mi | mu |mi | ma|me | md | Mo
0 sd |su |si |sa |se |s@ |so
4 rd |ru |ri ra |re |rd |ro
f §4 |du |8 |8a |Se |80 |80
+ gd |qu |qgi |ga |[ge |g@ |90
n bad |bu |bi |ba |be |bo |bo
T ta |tu |t ta |te |te |to
T ¢4 |éu |é |ca |[Ce | |co
7 ni |nu |ni |na |ne |né |no
i na |Au |ni |ha |fe |nd |no
h P4 |Pu |71 Pa |?Pe [P0 | 7o
h ka |ku |ki |ka |ke |ko |ko
@ wa |wu |wi |wa |we |wd | WO
H zd |zu |z za |ze |z0 |zo
g za |zu |zi Za |ze |z0 |zZo
I ya |yu |yi |ya |ye |yd |¥yO
L dd |du |di |da |de |do |do
e ja |ju |ji ja |je |jo |jo
1 gd |gu |gi |ga |ge [gd |8gO
m ta |tu |fti ta |te |[to |fo
6E), ¢4 |Cu |¢Ci Ca |Ce | &0 |cCo
A pd [pu |pi |pa |pe |pd |po
A s’ |s'u |si |sa|s’e |s0 |so
4. fa | fu fi fa |fe |fo |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.

IBP Independent 1
Personal Pronouns

DDP Demonstrative 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

vV Action Verbs that are | 17
Transitive

v Action Verbs that are | 18
Intransitive

AVO Action Verbs with 19
out Complement

DV Derivational verb 20

ADJ Adjective 21

ADV Adverb 22

PRE Preposition 23

POP Postposition 24

COMP | Complementary 25

IDP Indefinite Article 26

IJ Inter junction 27

cC Coordinate 28
Conjunction

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 | dne, dsu, drsu, anci, orsuwa,
Pronouns
DDP Demonstrative Determiner | yéh, ydhe, yohon, ydcéi, &¢c
g Pronoun dzziya, cnéazziya
g SDP Selective Determiner Pronoun | ychnaw, yahanaw,
= dnazziyanocu
8 IP Interrogative pronoun man, ma, mén, monddr,
=z mondén
IDP Indefinite Pronouns as | manndmm, yaténnawomm
adjective
PN Proper Noun gojam, gondar, addis abdba,
- medrok
) PERP Personal pronoun ababa, kasa, aster, dawit
% AN Abstract Noun mdsgana, kisara, ekonomi,
0] CN Concrete Noun 16j, faras, lam, onsésa, bare,
= bag
% “‘CON Compound Noun awudéry,
w, DN Derived Noun sdbbara,
Q NADV | Noun as an adverb zare, télanat,
g NQ Noun as quantifier huléat, sost gize
w0 VN Verbal Noun masrak', méat'ofat, mataw
*CCN Coordinate Conjunction Noun | wandocéna, setééna
— | CNo Cardinal Number and, assor
S
% *ON Ordinal Number and-anna, assor-anna
0
< | *GV Gerund Verbs sé&bbdro, négdro,
% sébbora, sit't'dta, ndgora
*DV Derived verb asdbbar, asabbar, sababbar,
tédsabbar, tidsdbabbér,
tisabbér, tidldyayu
AUX Auxiliary Verbs of be nébbér, jAmmar, naw,
yomasdlal, hon
VE Verbs of Existence alla, allann, allaw, nora,
wald

" New part of speech added during morphological analysis
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TAG SET DESCRIPTION EXAMPLE

TV Action Verbs that are sédbbré, béalla, gézza, bal
Transitive

v Action Verbs that are gaba, hed4, wat’a
Intransitive

AVO Action Verbs with out alaqgas, c'c'oh,
Complement

ADJ Adjective tollok', radjm

ADV Adverb tollo, gédna, kofuna,

PRE Preposition 14, k&, ba, wada,

POP Postposition gard, dris, wost’

COMP Complementary sdld, dski, ondé, dndéayd,

CcC Coordinate Conjunction dnna, na,

DR Determiner bat’am, 19k,

*GNP Genitive noun phrase yéasar, yatonant,

yaktdma, ydgonder, yane
*CV Complementized Verb sdldhedd, dndamaéat’a
PP Prepositional Phrase kébet, ldkasa, ondasaw

" New part of speech added during morphological analysis
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APPENDIX 6: Sample output of the stemmer.

Word Stemmer Actual Stem Error Type
Output
maésrat masrat sra under stemming
bakaftana kaft kafta over stemming
lamaftat méftat fat require deep structure
& under stemming
tdgabaynat tagabay tagabal require deep
structure analysis
yawgal awq awiaq require deep
structure analysis
f?llagot fPllagot fallag require deep
structure analysis
déng?t'o déng?t' dénagat' require deep
structure analysis
ménoria manor nor under stemming
tatari tatar tatar require deep
structure analysis
Pyat'dba t'db at'db over stemming
shéabala shébal shabéla over stemming
ydsamrawit samra samrawit over stemming
zdbana zaba zdbana over stemming
y?maéslal masl masal require deep
structure analysis
akbari akbar akébar require deep
structure
I?tt'ay?qaw t'ay?q t'ayaq require deep
structure
?ndamit'?ru t'?r t'ar require deep
structure
asdlat'dnu asalat'an salat' under stemming
Pndiad?g ad?g adag require deep
structure analysis
adaraga adarag darag under stemming
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APPENDIX 7: Sample output of the prototype parser.

S[NP[MNP(SNP((PERP ay&l4)))]VP[MVP(MADJP(SADJP(ADJ
t?n?sh))SVP(MNP(SNP(CN injara)) (TV (SOTV balla))))]]

S[NP[MNP(SNP((PERP aster)))]VP[MVP(SVP(MPP(SPP((PP ldkasa))) MNP(SNP((CN
mas'haf)))TV (DOTV sat'agew)))]]

S[NP[S'(MNP(SNP(GNP yakasa))MVP(SVP(MNP(SNP(CN bet))((CV
yamasrat))))SNP(AN alama)))][VP[MVP(SVP( TV tasaka))]]

S[NP[S'(MNP(SNP((PERP kasa)))MVP(SVP(MNP(SNP(CN bag))((CV
yaradébat))))SNP(AN bilawa)))][VP[MVP(DR bét'am)(SVP(MADJP (SADJP(ADJ
dén&z))(AUX naw)))]

S[NP[MNP(SNP((PERP kasa)))]VP[MVP(S'(MPP(SPP((PP kégojam))) MVP(SVP((CV
?ndamét'a))))SVP(S'(MNP(SNP((PERP aster))) MVP(MPP(SPP((PRE
wada)MNP(SNP((PN nazz?ret)))))SVP((CV ?ndéhedégg))))((TV sdma))))]]

SINP[MNP(SNP((PERP kasa)))[VP[MVP(S'(MPP(SPP((PP bacckola)))
MVP(MNP(SNP((CN qursun))) SVP((GV ballto))))SVP(MPP(SPP((PRE wads)
MNP(SNP(JN((AN tPm?h?rt))(CN bet))(IV hed4)))]]

SINP[MNP(SNP((PERP aster)))[VP[MVP(SVP(MPP(SPP((PP laayald))) MNP(SNP((AN
?rdata))) TV((DOTV adaragacclat))]]

S[NP[MNP(SNP((PERP aster)))|[VP[MVP(S'(MNP(SNP((CN 1?jogcu)))
MVP(MPP(SPP((PRE wada)MNP(SNP(JN((AN t?m?h?rt)))(CN bet)) SVP((CV
?ndéhedu))))SVP(S'(MNP(SNP((PERP kasa)))MVP(SVP((VN méashomun))))(TV

sdmagg)))]]

S[NP[S'(MNP(SNP((PN ityopia)))MVP(SVP((CV yagarabicew)))) (GNP
yaw?y?y?t)SNP((AN hasab))))]VP(MVP(SVP(MNP(SNP((VN tagabaynat))(( allaw))))]]

“S[NP[MNP(MPP(SPP((PP baa?mro)))SNP((VN f?lsit))))]VP[MVP (S'(MNP(SNP((PN
af?rica))) MVP(SVP(MPP(SPP((PP béayaamatu) SPP((PP kaarat)))((CNo
biliyon)SNP((CN b?r)))SPP((PP balay))))((CV ?yat'acc)))))SVP((AUX naw)))|]

S[NP[MNP(S'(MNP(SNP((AN méang?st)))MVP(MNP(SNP((AN ¢cg?rogen)))
(MNP(MPP(SPP((PP lamaéftat)))SVP((CV yamikatalaw)))) SNP((CN méangid))))]
VP(MVP(MPP((PP kdhulum)SPP((PP balay)))SVP(MNP(SNP((AN asasabi))((CC
?nna))((AN asafari)))((AUX naw))))|]

.
wrong parse
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APPENDIX 8: A Screen Snapshot of the Parser.

# Untitled - AmParser
Fle Edt View Parse Help

(SSentence Next@  stem  Teg | SRule  @Word | fParse  Rules  Words

| Parses  Disambig-1 | Disambig-2

Parser - By Wube
Number of rules:0
Number of words:0

(S VOomp & VMod | GSNComp @ NMod | VComp  VMod | NComp  NMod

144




Declaration

The thesis is my original work, has not been presented in any other

universities and that all sources of material used in the thesis have been

duly acknowledged.

Wube Alemayehu Tuffa

January 2005

The thesis has been submitted for examination with our approval as

university advisor,

Lonafhs

Dr. Lina Zhou Ato Getahun Amare

-_—

145



Declaration

The thesis is my original work, has not been presented in any other
universities and that all sources of material used in the thesis have been

duly acknowledged.

Wube Alemayehu Tuffa

January 2005

The thesis has been submitted for examination with our approval as

university advisor.

_"/;
7" 2
Dr. Lina Zhou Ato Getahun Amare Ato“Aklilu Yielma

145



	MX-M464N_20200316_172250
	MX-M464N_20200316_172520
	MX-M464N_20200316_173148

