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ABSTRACT

Language is a powerful medium that coordinates day-to-day activities between an entity. The means
of interaction between a computer and language structure is studied by natural language processing.
Natural language processing has emerged as a means of increasing computers’ capability to understand

natural languages.

Awngi is one of the natural languages, grouped under the central Cushitic language family and spoken
by more the 2.5 million people as native speakers settled in a different part of the Amhara regional
state. It is a zona language that started as a medium of instruction in 1989 E.C. and uses the Geez
script system. It is the one of under-resourced languages in Ethiopia. This morphological study is the
first attempt that is used as a contribution to high-level NLP applications. The study is an
implementation of the morphological analyzer and generation based on a finite-state transducer
approach. The lexicon formalism is used to design the morphological analyzer and generation of the
Awngi verb form because the Awngi language is morphologically very productive in terms of gender,
person, number, and tenses. The system was developed using the foma programing language as an
implementation toolkit. The foma programing language and the Ubuntu 22.04 Linux-based operating
system are used for experimentation. For the experimental thirty-five distinct linguistic rules were
developed to form those different word forms. The experiment shows that 76956 words were generated
by the system out of this 93.6% of words are correctly generated and analyzed by the system and 6.4%
of words were wrongly generated. The factors that the wrongly generated words were the problem of
the epenthetic sound vowel &/i/ breaking up consonant clusters of words and the glottal approximant
/n/, which is loaned from Amharic appears irregularly in the Awngi language word formation process.
So, determining the correct phonological pattern of the glottal approximate /h/ and the alternative

techniques for the epenthetic vowel a/i/ management is left for future work.

Keywords: Awngi Language, Morphological system, Natural language processing, Finite stat transducer
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CHAPTER ONE: INTRODUCTION

1.1 Background

Language is one of the fundamental aspects of human behavior and it is a powerful medium of
communication among humans and coordinating day-to-day activities with human beings. It
evolved naturally in humans. The written form of the language serves as means of recording
evidence and transmitting what it recorded information from one generation to the next generation
[1][2]. Now, a day, technology integrates, different community members from different parts of
the world without communication barriers. In this disciple, different actors play their roles to
realize the expected communication platform for everybody. So, studying the language and adding

technological value to the language is very important.

Linguistics can be defined as the scientific study of language, mainly, human language, and an
approach to studying the Linguistic nature of the language is called Computational Linguistics or
Natural Language Processing (NLP). Natural Language Processing (NLP) is a field of computer
science that studies the interaction between computer and human Language to generate human-
understandable information from computers and design and build systems that convert human
language into more formal structures that computers can understand [3][4]. The linguistic structure
in most sub-Saharan African countries is complex and the majority of speakers belong to Afro-

Asiatic language families which also have sub-families Cushitic, Semitic, and Omotic[5].

There are 86 languages spoken in Ethiopia having millions of native speakers, a few of which are
Ambharic, Afaan Oromo, and Awngi. Awngi (A@-1) language belongs to the central Cushitic
linguistic family, and it has been granted its own Nationality Zonal in the Amhara Region State of
Ethiopia, spoken by the sub-group of the Awi people living in central Gojjam in northwestern

Ethiopia [6]. It is spoken by at least 2.5 million people as native speakers settled in a wide area of

~1~



the northwest part of Ethiopia. The most of speakers of this language are all of the Awi Zone,
some areas of the Metekel Zone of the Benishangul-Gumuz National Regional State, and, Alfa
and K’wara Woredas of the North-Gonder Zone[7]. Currently, Awngi (A@-T) is the medium of
instruction in primary, secondary, and college and degree programs at enjbara University. The
Awngi (A@-1) language plays a vital role for the people of the region in public media, social issues,
religion, political affairs, economic activities, and technology of the Agew-Awi administrative

Zone of /enjbara /x7#0¢é/ in the Amhara Regional State of Ethiopia[8].

As pointed out by Tsegaye Misikir [9] Awngi language uses the Geez script system and it has
used both inflectional and derivational types of morphological affixation. Each word in the
language is morphologically rich and formed by reduplication and affix (prefix, suffix, infix, and
circumfixes) and other additional mechanisms. Depending on the morphological difficulty of the
Awngi language inflectional and derivational morphologies can produce very large numbers of
variants for a single word. The variation of word formation processing is resulting in a strong
influence on the effectiveness of morphological analysis tools, information retrieval systems, and
general natural language applications[10]. The Awngi language is complex in its morphological
structure that needs computerized measures to reduce the size of a lexicon to manage the level and
capture the strong relationships existing between different word formations of the language[11].
However, there are no preceding works of any developed morphological system for the Awngi
language what we want to do is the first attempt to design and implement a morphological system

for the Awngi language.

Natural language processing (NLP) is a branch of modern computational techniques that concerns
processing and understanding natural language by the computer system[6]. It permits learning,
understanding, and producing human language content. Natural language processing (NLP) is a

way of investigating and representing naturally occurring languages at one or more levels of

D~



linguistic study to achieve human-like language processing for a variety of tasks or applications
[5]. As pointed out by Yitayal Abate [4][12] Natural language processing (NLP) is recent research
and application area related to other information technology methods because mainly lower levels
of NLP systems are currently processed or implemented the reason is that lower level work with
smaller units of analysis, morphemes, words, a sentence which is rule-governed and higher levels

of languages processing needs text and word knowledge which is regularity-governed [4].

Natural language processing (NLP) gives numerous application areas of text processing and the
use of natural language processing with a computational system[13]. Computational linguistics
focuses on the linguistic structure of the language and developing natural language applications
including spilling checker, machine translations, grammar checker, text summarization, word
sense disambiguation, morphological analysis, natural language generation and part of speech

tagging are some of the natural language application areas[14][4].

Among the application of the natural language processing (NLP) areas, this study is interested in
the morphology of the Awngi verb. Morphology is all about the structure of the words.
Morphological analysis is a crucial task and it is the process of segmenting the surface word into
its lexical components and analyzing the word formation and giving the grammatical functions of
morphemes affixed to it [15][3][5]. The morphological system is used as a subcomponent of NLP
applications and it is an important mechanism of language engineering applications that regards
segmentations of the word into their component morphemes and gives morphological and
grammatical information associated with the given word [3][15][16]. Morphological analysis is a
special type of software that plays a significant role in the development of all-natural language
processing applications because it is a blueprint for all other applications like spelling and

grammar checkers, next word-prediction, machine translation, text summarization [13][17].



To develop the morphological system, there are two broad categories of approaches in
computational morphology such as rule-based and machine learning in which rule-based requires
the domain knowledge of the language that provides highly accurate results [17]. Whereas corpus
based is an artificial intelligence concerned with the algorithms that learn from examples [16].
The grammatical structure and morphological properties of the Awngi language are different from
other languages to need its morphological system and it is important for the development of

higher-level linguistic analysis of the Awngi natural language processing applications.

1.2 Motivation

Natural language processing plays a great role in developing applications that learn, understand,
and produce human-like language. Language technology depends on the presence of software for
analyzing and generating word forms, therefore most NLP applications no preceding attempted
for Awngi language like morphological analyzer, spell checker, grammar checker, word
prediction, word sense disambiguation, text summarization, etc. The first reason is informing the
way for those who are interested in developing NLP applications on the Awngi language by
incorporating the morphological systems in their study because the morphological analyzer plays
a vital role or it is a blueprint for the development of any other natural language processing system,
especially at higher level linguistic and it is used as a basis or its output is used as an input for
future work or development of other NLP applications. The second reason that motivates the
researchers is to develop a morphological analyzer for this language because based on the
researcher’s knowledge there has never been any effort made to develop a morphological analyzer

for the Awngi language. This is what motivates us to conduct research work in this area.



1.3 Statement of the problem

Based on their linguistic nature, the languages are classified into different language families.
Awngi (A@-1) is an under-resourced Central Cushitic language family spoken by a sub-group of
Awi people settled in the Amhara Region State of Ethiopia[6]. Its Writing system is a form of the
Geez script like Amharic and Tigrigna alphabets but it has different sounds and alphabets which
makes it not share with Amharic namely, Q(#), n/ng (7), G (), and ts (8) because the nature of
each language based on its orthography, phonology, and morphology makes unique variations
among the languages [7]. The Awngi language has no well-studied linguistic resource that
addresses the development of other natural language (NL) applications like morphological
analysis, spell checker, grammar checker, machine translation, speech recognition, word
prediction, word-sense disambiguation, etc. The absence or limitation of such NLP applications
for the Awngi (h@-1) language may impede the development of language technology and this

problem makes it difficult for retrieving electronic documents [7][18].

The study of the given language may contribute something to other languages or may not at all
[19]. According to the author, the nature of each language based its orthography, phonology, and
morphology makes unique variations among the different languages. Most horns’ of Africa
languages are classified in to the Afro-Asiatic family and they are morphologicaly complex those
languages are from Ethiopia, Eritrea, Djibouti, and Somalia lack well prepared computational
resources, such that they are not computationaly developed to the anticipation[5]. Some language
in Ethiopia were undertaken morphological analyzer and genetaor by different scholars at different
time. For example an automatic morphological analyzer for Amharic text using an unsupervised
and auto-segmental approach was designed and developed[20]. The Afaan Oromo morphological
analyzer is developed for the application of natural language processing using a corpus-based
apprcach[3][17]. The supervised memory-based learing approach was used for Sidaamu Afoo

morphological analyzer implementation[2]. Morphological analyzers developed for different
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languages in the world using different techniques dose not applicable to the Awngi language.
Because of this, each language has its properties, grammatical rules, and the nature of orthographic
representations and morphological word formation. The Awngi has its unique word formation
structure and nature of orthographic representation and words are represented with appropriate
alphabetic symbols that obey all rules required by the language. The Awngi language supports
consonant germination and the vowels can be long or short base on constituent sounds for
grammatical purposes. Misrepresentations of the required alphabet bring loss of information. For
example, /limi-ts/ &A“L8/ meaning in English ‘close’ and /limi-tsts/ A9%.64/ meaning in English
‘cause to close’ has completely different meaning. So, to avoid such kind of problem spelling
correction, needs a successful morphological analyzer. A morphological generator and analyzer
support the spelling correction to help native speakers to convey their thought through the correct
script. Awgi is zonal language used most of people living in this area but not working language.
The situation leads misinterpratiation of information with working language and Awngi. As a
solution machine translation application plays an important role. That is whay a morphological
analyzer and generator in right point for Awngi langawag now. In addition to this, the Awngi
language is limited to the NLP application studied. For instance, further and higher-level linguistic
study needs a morphological analyzer and it has important significance for many language
engineering applications like machine translation, question-answering systems, and Internet

search engines.

Morphological analyzer plays a vital role in the development of most NLP applications [13][15].
However, as researcher knowledge, there has never been any preceding attempt or previous work
to develop a morphological system for the Awngi language. For instance, the researcher has
proposed to put a milestone by developing a morphological system for the language and the main
goal of this study is to explore the possibility of morphological generation and analyzing the

Awngi words. Building a morphological system lays the foundation for the language as it is the
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lowest level of text processing technique and provides a base for further development of other

NLP applications in the Awngi language.

1.4 Research question of the study

» How to solove the computational aspacts of the verbs and what are the challenges in the
language while using FST?

» To what extent FST is significant for Awngi verb morphological analyzer and generator
design and implementations?

» How to test and analyze the Awngi morphology system performance?

1.5 Objectives

15.1 General objective

The General objective of this study is to design and develop the Morphological analyzer and

generator for Awngi verb forms using a Rule-Based Approach.
1.5.2 Specific objectives
To achieve the general objective of the study the following specific objectives are performed.
» To understand the morphological structure of the Awngi verb.
» To collect relevant data in different domain

» To study various techniques employed for morphological analysis and identify the one

which is suitable for developing a morphological system for the Awngi language.

> To build a lexicon that is appropriate for demonstrating the experiment.
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» To define possible language-specific rules that should modify the morphotactic structure

of the word.

» To evaluate the performance of the finite-state transducer (FST) and report the

experimental result.

1.6 Scope and Limitation

1.6.1 Scope of the study

The scope of this study is limited to the design and development of a morphological analyzer and
generator for Awngi language using rule-based approach implemented by a finite state transducer.
This study focuses on the verb part-of-speech (POS) categories of Awngi language and their

inflected forms.

Other part-of-speech (POS) categories do not discuss in this study because there are no publicly
available NLP tools and another resource the Awngi language that can be integrated with my

study. The study should not include compound word formations.
1.6.1 Limitations of the study

Due to the shortage of the time and the lack of well-digitized linguistic materials in the Awngi
language all parts of speech are not covered in the study. The affixation is not the same for all
word categories and preparing the lexicon is a difficult task and time-consuming to build it

manually.



1.7 Significance of the study

The result of the morphological analyzer and generator is one of the starting points for improving
the performance of the NLP applications. The morphological system contributes a vital role in the
development of many higher-level NLP applications that needs the output of a morphological
analyzer as input for their analysis or as a foundation for an application like information retrieval,
machine translation, spell checker, grammar checker, etc, [13]. The linguistical significances of
this study include the researchers that want to develop an efficient higher-level NLP application

for the Awngi language. The study can be applied for:

» It is used as input for other high-level natural languages processing applications like
machine translation, information retrieval, speech synthesizer, spelling checker, and
grammar checker.

For increasing the Awngi learning and teaching process.
It creates a good situation for Awngi language word processing techniques in the area of

natural language processing computing environment.

1.8 Methodology

1.8.1 Literature review

There are several scholars primarily focused on the study of morphological analysis and generator
in different languages using different techniques in the world. Information from the scholars who
have studied of Awngi language traditionally and scientifically is the first basis for this study. To
understand and develop the morphological analysis and generation of the Awngi language we
have made continuous discussions with Awngi language experts and get background information

that is important for the study [7][15]. In addition to this, the researcher reviewed different kinds
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of literature including books, journal articles, and the internet to make better understudying of the
Awngi grammatical structure. Also, the literature review supports us to identify the research gap
between which one is previously done or not and the problem statement which is desirable for

further investigation [21][22].
1.8.2 Data collections

So far, the Awngi does not have widely accessible computerized electronics data and tagged
corpus text for any NLP applications plus morphological databases. As a result, for the
development of a morphological analyzer and generator for the Awngi language, we collect the
data from a different source in the form of both hard and soft copies. The domain of the data
sources is considered under different categories such as the Awngi newspaper called /chirbéwa
[Eca.®/ of the Amhara mass media agency Awngi section, from enjbara university teaching
materials, from enjbara teacher education college, from high school Awngi supplementary
grammatical textbook, and we discussed the more morphological rule of the Awngi verb form

with language experts.
1.9 Research design

The development of the Awngi morphological analyzer and generator uses a rule-based approach
that will be experimental using FST (Finite State Transducer). In the era of computational
environment, the Awngi language is resources poor. The rule-based approach is selected based on
the morphological nature of the Awngi language and data size. The system is designed based on
the FST approach. The nature of this research is experimental. To experiment anticipated objective
of the study whether achievable the targeted goal or not, different activities are encompassed. The
system accepts surface words as input for morphological analysis and a list of lexical words with
relevant tags for the generator. The system generates a different word form and information of

morphemes according to their morphotactic rule of the language.
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1.10  Organization of the thesis

The remaining part of the thesis is organized as follows. Chapter 2 deals with the leiterature
review. This chapter presents an overview of language processing regarding to concepts of stat of
the morphological analyzer in the computational linguistics and the computational morphology.
This is followed by the discussion on the approaches to morphological analyzer and genartoar and
discussion on the related work that is highly rlevant and more related to this study. Chapter 3
presents the general linguistic structure to the Awngi language and starts introduction to Awngi
language which is followed with the writing system and morphological structure of the Awngi
language. Chapter for discusses the detailed description of the graphical design and methodology
with its basic components that followed by designing language specific rules. The discussion
continues with the evaluation of morphological system is presented. Chapter 5 deals with the
experimentation and result of the system. Chapter 6 presents the conclusion our work and shows
the fature works that needs to included in the fature in order to enhance the morphological analyzer

and generator of the Awngi language.
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CHAPTER TWO: LITERATURE REVIEW

2.1 Overview

In this section, we described the basic concepts of natural language processing, particularly based
on morphological system, and basic ideas about how morphological generator and analyzer is
developed for morphologically rich language to decide better decisions for which tools, and
methods, would be discussed, the former studies take place in a different language with different
approaches in local and forging language has been reviewed and common morphological analyzer
and generator approaches have discussed with their strength and weaknesses. The main objective

or goal of the study is to design a morphological generator and analyzer for the Awngi verb forms.
2.2 An overview of language processing

Natural language processing (NLP) is a branch of modern computational techniques and
applications that explores how computers can be used to understand and manipulate natural
languages (NL) in written text or speech in a way that will be useful for further processing or high
levels of (NLP) application[23]. The human language is studied by linguistic and computational
linguistics is a subset of both linguistics and computer science[24]. As pointed out [25] Natural
language processing (NLP) is concerned with the representation of knowledge and problem-
solving algorithms involved in learning, producing, translating text, understanding language, and

enabling a computer to analyze a huge amount of written text and understand them.

Computational processing involves different disciplines such as computer science, information
science, psychology, mathematics, linguistics, electric and electronic engineering, artificial
intelligence, and robotics is the basic foundation of natural language processing (NLP) [24]. The

wide range of systems developed with help of NLP applications including spoken language
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systems, that integrate speech and natural language, spelling error correction to machine
translation, and automatic knowledge extraction from human text, are used in language
technology. It plays a special role in computer science because natural language processing
applications are important in our communication with machines and many aspects of the
computations of linguistic features. Representing naturally occurring texts at one or more levels
of linguistic studies to archive human-like language processing is a crucial role of natural language

processing (NLP)[26].

As described by [26] linguistics the science of a language behavior requires several levels of
language processing which include phonetics and phonology are knowledge about linguistic
sound, morphology is knowledge of meaningful components of words, the syntax knowledge of
the structural relationships between words, semantics is knowledge of meaning, pragmatics is a
knowledge of the relationship of meaning to the goals and intention of the speaker, and discourse

is knowledge about linguistic units larger than a single utterance.
2.3 Morphology in computational linguistics

Morphology in the linguistic discipline examines the word formation and inner structure of words,
and how words can be broken down into meaningful pieces it is a branch of computational
linguistics that studies words, the internal structure of words, and the way how the words are
formed from smaller meaning bearing components[27]. As described by[26] the term morphology
refers to the study of various smallest linguistic units called morphemes that cannot be segmented
further and the description of their behavior and how they co-occurrence together to form a new
word and their grammatical functions. It is the domain of linguistics that study of the structure of
words and how the word structure reflects their relation to other words. It is formed by the
descriptive grammar of each language that usually describes inflection and word formation, and

it is the study, identification, and analysis of the words into individuals and identifying the class
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of the morphemes. Generally, there are two categories of mereology in which words can be formed

such as derivational morphology and inflectional morphology.
2.3.1 Inflectional morphology

Inflectional morphology is a process of combining a word with a grammatical morpheme, which
usually results in a word with a similar word class (part-of-speech) as the original stem and having
a more relevant grammatical future[12]. In inflectional morphology, the part-of-speech category
does not modify but it is sensitive to the grammatical function (also known as morphosyntactic
information) is changed[28]. Inflectional morphology modifies words in terms of number, aspect,
case, mood, and so on without creating a new word or affecting grammatical categories. For
example, the English word “happy” is a free morpheme if it has written with the negative marker
bounded morpheme “un” the resulting inflectional form of the word becomes “unhappy” in both
cases the part-of-speech of words are adjective but the meaning is changed. In the word formation
process different words are created from stems “work” is an English verb with inflectional forms
are ‘works’, by adding 3rd person singular marker /-s/,” worked’, adding the perfective marker /-
ed/ and ‘working’, by adding the present continuous marker /-ing/ are produced by adding
different affixation without altering the grammatical category because in all case the part-of-
speech category is ‘verb’ the same with stem word work. As pointed out by [29] inflectional
morphology is used to show if a word is a plurality or singularity, past tense or not, present

continuous or not, and if a word is a comparative or possessive form.
2.3.2 Derivational morphology

Unlike inflectional morphology derivational morphology, is a process of creating or deriving a
new word by changing the grammatical category of a word by adding bounded morpheme to the

stem word and carrying the semantic information[27]. As described by[28] the main goal of

~14 ~



derivational morphology is deriving a new word by changing the part-of-speech (POS) category
of the word (changing addictive to noun) like the addition of /-ness/ bounded morpheme to an
English word “quick” the resulting word becomes “quickness” the affix changes both meaning

and part-of-speech(POS) category adjective “quick “ become to a noun “quickness”.
2.4 Morphemes

Morphemes are the smallest building block of a linguistic expression that can be identified by the
separation of a frequently occurring subtype of morphological structure, of the meaningful sub-
word units that cannot be divided into smaller meaningful parts and basic building blocks in
morphology[27]. Morphemes are defined as the smallest piece in a language that cannot be
decomposed into smaller meaningful units and each unit has grammatical information to add to
the overall meaning of the words and it is the ultimate element of morphological analysis [30].
For example, if we see the Awngi word “empltaq” “aA9*Td3%” meaning in English is “society”
or “vZ+aN” in Amharic is formed from ‘ag°Téd’, and ‘+% morphemes. Both sub-units ‘A9*T4’,
and ‘% are morpheme which has a meaning assigned or as the minimal units of grammatical
analysis. Morphemes can occur in a language composed of different affixes and base words. As
pointed out by [10] described that based on their forms, Awngi morphemes like Amharic and
English are classified into two major categories as morphemes occur stand-alone (are called free
morphemes) and some other morphemes can occur only attached to some other morphemes (are
called bounded morphemes), for example “-2@+, ‘gaw’, >-6",'tsGo’ must always be attached after
central meaningful element called root word. A hyphen before bound morpheme/-2@+/ and /-8y
tells us that it needs a free morpheme to exist. Example “4.0kz2@~ ‘distini-gaw’, meaning “l am
not happy” or “Qitd A2LAU9, in Amharic. To understand the individual words bounded
morphemes must be attached to some kind of host morphemes and in contrast to free morphemes

are those that can stand on their own as individual words like,” £.0t%”, ‘AT, ‘0% We call such
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words monomorphemic because they consist of a single morpheme and most of the affixes are the

cover term for all bound morphemes attached to roots.

On the base of linguistics morphemes in a language is a collection of word formation methods
like affixations, reduplication, and compounding that combine with root or stem words to form a
different word. Affixes are bounded morphemes that cannot stand alone, but they are commonly
used for word formation by attaching to the body of a word. They may alter the grammatical
information but they do not carry meaning on their own, rather then they can add or change some
aspect of meaning[31]. In a language with productive morphology, affix ordering is an important
topic for the development of a morphological analyzer. The affixes can be classified into prefixes,
suffixes, circumfixes, and infixes, based on their occurrence in a word and participation in the
word formation, by association with the root word in different positions. The prefix is affixed that
is attached to the beginning of a lexical item or base morphemes. In English, /un-/, and/in-/ as in
“unhappy”, and “independent”, are prefixes [3]. In the case of the Awngi language, the prior
studies pointed out by [18] stated that unlike Amharic and English language Awngi morphology
does not experience prefixes rather it will consolidate after suffixes or after base words. For
example, when we see the word “4@Land” or “0AEE”, in Amharic the base word is “4@+”, the
suffix is / “-0”/ and / “-43"/. Affixes that are attached at the end of the free morpheme or lexical
item is termed suffix. /-s/ is the plural marker in English and /f/ is the mostly used plural marker
for Awngi nouns. An infix is an affix that does not possess the front and back position of lexical
items or base morpheme but is somewhere in the middle of the bass morpheme. Circumfix
attached on the left and right end of a lexical item of the words. If the root word consisting both
left (prefix) and right (suffix) it is possible to analyze them as consisting of a prefix and suffix that
apply to a root word same time[4]. Compounding is a process of forming new words from two or
more independent existing words by joining them together to form compound words and

individual words can be free morphemes[31].
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2.5 Word structure or morphotactic

In every language, there are well-defined ways to sequence the morphemes. In a language, the
systematic rule is used to govern pronunciation, word formation, and grammatical pronunciation.
These rules or structures of the language are in order in which morphemes are combined to form
a word[32]. Typically, there are language-specific word grammars that help to determine the
arrangement of morphemes together. For instance, the word grammatical rule is studied by a

subfield of morphology called morphotactic[31].

Morphotactics is responsible for governing the grammatical rules in which the combination of
morphemes, which are meaning-bearing units, forms a natural word that presents any written text
in the language[14]. It implements constraints through rules that state which sequence of the
several lexicons can be accessed by the morphological analysis and generator[33]. Complex words
are built up from simpler words and morphemes, by using Morphotactics rules and, in the same
way, the same rule used that complex words be analyzed into simpler ones that impel that
Morphotactics are language specific[34]. To implement the morphological system, it is important
to take the morphotactic rule into account. Awngi Morphological is very productive, derivational,
and word formation that possesses morphotactic rules. Since the Awngi morphemes /%5-/ meaning
“house” and /h¥t/ meaning “Education” different word forms can be formed by combining them
like ichrt/, and /h¥t2q/, but the grammatically correct arrangement of morphemes is /hrt24/
meaning “to the school”. Therefore, the morphological analyzer needs to have a constituent that
determines the ground grammatical rule for the formation of words begging suffixed or other

methods of word formation.
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2.6 Computational morphology

Computational morphology is the distinct subfield of computational linguistics that focuses on
how computational analysis, and synthesis of the internal structure of words, and the relationship
among words which wuse for further analysis of natural language processing (NLP)
applications[31]. In other words, it is the study of the combination of the smallest meaningful
constituents of linguistic expressions to yield words. Computational morphology is the use of
computer and computational methods to handle the task of morphological analysis and synthesis
automatically to achieve an effective means of storage of words in the lexicon and provide time-
efficient lookup capabilities[3]. Tasks involved in computational morphology can be grouped into
two parts such as word-form synthesis and analysis and parts-of-speech (POS) or inflectional
category. The analysis is a process in which surface word form is evaluated into their lexical
representation having its grammatical features whereas synthesis is a reverse process of analysis

in which a lexical representation is converted to a surface word form [31].
2.7 Morphological analyzer

A morphological analyzer is a computational process, or linguistic study, of the internal structure
and formation of words by splitting the individual words into their smallest meaning-bearing
components that cannot be further divided into smaller parts. It describes the way how words are
formed by combining these smallest meaning-bearing components[35]. As pointed out by [4] from
a computational point of view morphological analyzer is a computer program that analyzes the
internal structure given surface of words and identifies the more technical, ingredients of the
words. The ultimate goal of the morphological analyzer is to build up a computer system that
performs analysis and generation of word form as humans do[1]. In the era of the computational

environment, an effective morphological analyzer has a significant role in the development of
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several natural language processing (NLP) tasks, or computational linguistic applications, like
information extraction (IE), information retrieval (IR), machine translation (MT), spelling
checkers, speech recognition, [35], etc. Therefore, developing morphological analyzer tools for
languages with highly productive in its morphology has a vital impact on the computational
perspective of a language. The capacity of a full morphological analysis of a word form is
generally viewed as a segmentation of the word into morphemes, combined with an analysis of
the interaction of those morphemes that determine the syntactic classification of the structure of
the specific word[36]. To carry out the morphological analysis process some basic knowledge is
common to all-natural language to implement applications of morphological analysis, however,
the detailed knowledge is specific for each language. It is known that a language contains
ambiguities in its morphological composition[18]. So, the disambiguation process needs a
different class of linguistic knowledge for fixing those ambiguities in a language such as
knowledge of the morphemes of the language, the morphotactic constraints of a language on how
the sequence of the morphemes are allowed to be combined, and the orthography or sound changes

of the language upon affixation[17].

2.8 Approaches to Morphological Analyzer

2.8.1 Machine Learning Approach

Machine learning is a branch of artificial intelligence that is a fast-growing area of computer
science discipline that enables far-reaching applications which are used to instruct computers to
use past expertise or recognitions of patterns in historical data and utilize those patterns to solve a
given problem[40]. In the machine learning approach, different categories of real word problems
have been solved at least for more than five-decade and the ever-increasing amount of digitalized

data become available which led to the emergency of the development of machine learning
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technology progress[41]. The objectives of machine learning methods are the ability of computers
system that computers automatically capture a rule from studying a training set of examples and
the machine performs the same task with the data it has not encountered previously or new
instances and improves the performance as it gathers more experience. It is a mathematical
algorithm that provides computers to learn automatically without or with less intervention from
human beings[42][43]. Among the number of different applications natural language processing
is becoming the hottest significant application area of machine learning and also machine learning
methods are rapidly expanding in a variety of engineering domains including computer games,
data mining, security, medical diagnosis, pattern recognition, natural language processing and
many more [17][40]. Behind its fundamental advantage, the drawback of the machine learning
approach is the need for a huge amount of automated or electronic training data, that requires
experts to label ground truth which needs more time, cost, and resource consuming, and the need
for massive digital data has led to greater hardware requirements. However, based on the
researcher’s knowledge Awngi language has no or is very limited to the well-organized electronic
resource. Therefore, tackling the problems using a machine learning approach on the Awngi
language to develop a morphological system is not feasible because of the requirements of this

approach.
2.8.2 Rule-based approach

System developed using rule-based approaches are often efficient and produce better quality
outputs because it is based on a theory of morphology laid down by experts those methods let one
incorporate sophisticated linguistic theory, such as generative phonology, into computational
morphological processes [3][42]. To implement a morphological analyzer and generator using a
rule-based approach needs a full knowledge of the linguistic exports and it is based on a set of

rules and a dictionary of roots and morphemes. Several systems were developed using the rule-
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based approach for both commercial and research purposes and tested quite for a long period till
now. In this approach, the rules may contain a large number of syntactical, lexical, or
morphological information that may be created either by linguists exporting the language or
automatically by computer programs[15][34]. The basic quality of or advantage of systems
developed using a rule-based approach over that system developed using a corpus/machine
learning approach is the first one is unlike corpus-based approach morphological system
developed using a rule-based approach there are no complicated computational challenges, once
the ground rules are set that speed up the morphological analysis process. The second factor is the
rule-based approach needs less storage requirement and a small amount of data to implement than
the morphological system developed using the machine learning approach. The third reason the
morphological system developed using a rule-based approach has better accuracy than the system
developed using a corpus-based approach is because of predefined rule sets to govern the output
of the morphological analyzer. The fourth reason that the morphological system developed using
rule-based approaches is more straightforward to correct or modify any handicaps that happen

within the morphological system.

2.8.2.1  Two-level morphology

A major revolution in the field of morphological systems started to appear in 1983 by Finnish
computer scientist Kimmo Koskenniemi produced his dissertation Two-level morphology as a
general computational model for word form [44]. In the history of computational linguistics, two-
level morphology was the first general model for the analysis and generation of morphologically
complex languages. Two-level morphological model is the linguists’ mode traditional distinction
between Morphotactic and morphophonemic that accounts for the alternation forms or spelling of
morphemes considering the phonological aspects of the language. The main features of the model

are the separation and bidirectional application program form of a description (rule and lexicon)
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of the language[44]. An important ideas two-level morphological model is that the rules are
represented as direct symbol-to-symbol constraints that are applied in their lexical form and
surface form in which the constraints represent the lexical context to the surface context, other
ways in both contexts at the same time[45]. Representations and rule components are the major
constituents of the model that considered lexical (morphophonemic) word form which describes
the chain of the morpheme in the word and surface representation which depicts the actual spelling

of valid words.

2.8.2.2  Finite State Automata

For the implementations of natural language processing (NLP), finite state technology uses finite
state devices as well as automata and transducers. The finite state machine is an abstract
computing machine used to recognize or reject an input stream of characters that are found in a
particular language[46]. It is the basic model of a computational system and a very efficient finite
memory occupation and transition occur because of the inputs at each state that primes the present
state to process input and transform the state to the next state[25]. It is a mathematical model that
has five states or transitions which are represented by nodes in the graph that govern the system
and are more formally defined by the collection of five parameters (Q, ., qo, F, 8) and each tuple
has unique meanings in the computational model Q: represents a finite set of a state, >: stands for
a finite input alphabet, qo: an element of Q that represents the start state, F: a subset of Q stands
for the set of accepting states, 5:Q x Y= Q represents the transition function or transition matrix
between state and for the given state R and input symbol I, the transition function defined 6(R, 1)

returns the state where state to moves to the next appropriate state[47].
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2.8.2.3  Finite state transducer

The transducer is a more general version of the finite state automation model based on the two-
level morphological thoughts and a finite state transducer (FST) model defines a relation between
a set of strings, even though a finite state automaton (FSA) defines a formal language by defining
a set of accepted symbols or strings[48]. The transducer is different from the automata modal in
which a finite state transducer reads or with two memory taps of a set of characters on the input
tape and produces a set of relations on the output labels. In contrast, a finite state automaton can
only be used for recognizing single taps. According to the finite state transducer (FST), transition
function T is labeled as T= {b: b, c:c, w: w, h:h......} however in the case of finite state automata,
it is represented as T= {b, c, w, h....... }. The finite state approach for morphological analysis is
the relation between the surface form of a particular language and its corresponding lemmas which
are described as regular relations (Karttunen)[49]. The advantage of finite state technology for
processing natural language is pointed to four sources such as the compact representation, which
is achieved via minimization, space and time efficiency, reversibility, and modularity of the design
that is the properties of relation and regular language[46]. A finite state transducer (FST) is well-
defined with 7 tuples denoted as (Q, %, I, 3, ®, q0, F) where: Q is a finite set of the states,
stands for a finite set of input alphabet, " stands for a finite set of output alphabet, 6 is set of the
transition function (Qx £->Q) that map states and an input alphabet to the state, o stands for
transduction function (Qx £-> I') that maps state and input alphabet to output alphabet, g0 is an

element of the finite state, and F is F € Q that is the set of accept or final state.
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2.9 Related work

2.9.1 Morphological analysis for foreign language

2.9.1.1 Morphological Analyzer for the Maithili Language

Raza Rahi and Smriti kumar [36] developed a morphological analyzer for the Maithili language
by using a rule-based approach implemented using a finite state transducer to model the system.
The authors have used the XFST (Xerox Finite State Transducer) tools for generating FST (Finite
State Transducer) to analyze morphological fragments of the Maithili language. As the authors
studied the work was classified into two phases those was build the lexicon file with help of a
lexicon generator, and producing morphological detail using Xerox tools. To produce lexicons of
the Maithili language they have used the raw corpus from LDC-IL (linguistic data consortium for
the Indian language) and the unique words from the corpus are extracted and sorted for manual
processing of the words[35]. After the lexicon file was created the morphological generation phase
of the morphological analyzer took as its input a dictionary of the suffix (that contains all lists of
suffixes with their morpho-syntactic feature and relevant morphological information of Maithili
language), a dictionary of root (that contains all existing root of Maithili language) and FST rules
are handwritten and implemented by XFST tool[35]. The authors used around 855430 instance
words to test the Maithili morphological analyzer from raw corpus LDC-IL for performance
evaluation and any of the instances has no failure of inflectional form as long as the root belongs
to the lexicon file. They conducted three experiments (experimentl, experiment2, experiment3)
to examine or to check the correctness of the morphological system for the Maithili language, and
the experimentl was verified manually to test with 16572 nouns of Maithili language extracted
from the corpus and correctly identified roots by the system was 15246 nouns. The authors

identified 634 adjectives in experiment 2 to test and verified manually from those 593 of the
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instances were examined correctly by a morphological system of the Maithili language. In
experiment 3 they analyzed regular and irregular verbs on 14312 instances of Maithili verb forms
which were proved manually. They measured the performance evaluation in different grammatical
categories of the Maithili language execute their system with 500 words for each POS category
and checked the respected accuracy. The accuracy of Noun inflection words in the Maithili
language is 92%, the accuracy of Adjective inflection words in the Maithili language is 93%, the
accuracy of Verb inflection words in the Maithili language is 95%, the accuracy of Pronouns
inflection words in the Maithili language 98%, and accuracy of Adverb inflection words of

Maithili language 98%, was achieved in their study.

2.9.1.2 Morphological analyzer for the Persian Language

Persian morphological finite state system was developed by Karine Megerdoomin [37] at Insight
Software based that used Xerox Finite State Technology. He wrote the rules of morphology and
lexicon in the format of lexc and compiled them into a finite state transducer (FST) and he created
FST for each part of the speech category separately and composed them. To perform the phonetic
and phonological alternations on the word form has composed phonological rules on the relevant
finite state transducer and he used a composed part of speech for the final lexical transducer for
morphological analysis of the Persian language[37]. Therefore, the final transducer consisted of a
single two-level finite state transducer with surface character at the bottom and the morphological
output at the top. He has used twenty phonological rules to capture the various surface word forms
and alternations that occur in the language and the rules written in the regular expressions that are
represented as continuation paths within lex grammar[37]. The finite-state system he has described
to analyze the morphemes in the Persian language was the ability to process multiword tokens
within the lex grammar module. To eliminate the ambiguities the authors manipulated the

orthographic realization of certain words, instead of the written different rules for plural markers
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of the Persian language he wrote a single rule and applied phonological rules. Before the
optimization was applied to the finite state, the transducer consists of 178452 states and 928982
arcs. The Persian language currently consists of 43154 lemmas which have different categories
and 12000 common proper noun entities listed in the lexicon its coverage was 97.5% on a 7MB

corpus that was collected from the online news source and got the resulting accuracy of 95%.

2.9.1.3  Morphological analyzer for the Hebrew language

Shlomo and Wintner [38] developed HAMSAH (Haifa Morphological system for the Hebrew
language based on a finite state transducer which was a linguistically motivated rule-based
approach and used XFST toolbox for implementation of finite state algorithms that were used to
store and process large-scale networks. [38] They developed a publicly available morphological
analyzer for modern Hebrew languages and used over 20000 lexicons items. The rule they have
developed covers all the morphological, morpho-phonological, and orthographical phenomena
that were observed in the Hebrew language. They developed the system consisting of lexicon and
finite state rules, represented in Extensible Markup Language (XML) that is used for supported
standardization of formats to achieve the readability of both humans and machines and
implemented by Xerox Finite State Technology (XFST) respectively[38]. They listed dotted and
undotted scripts as well as used one-to-one Latin transliteration. To handle the grammatical
category's irregularities, they have used additional or alternative lexicon entries to facilitate
adding, replacing, and removing operational elements in the lexicon items. They have general
lexicons that contained the lexicon items add, remove and replace elements and are used for
building a basic morphological finite state network without affecting the listed in the special
lexicons that were built from a set of rules for the add, remove, and replace lexicons[38]. They
did different operations to obtain the final network by subtracting the remote network from the

general lexicon they used a set difference operator, to add the network they used a set union
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operator and applied priority union with the replace network and produced a finite state network
with valid inflected forms. The drawback of the Hebrew morphological analyzer was not
demonstrated the output system and measured the system quality they were not evaluated
systematically because only a small-scale evaluation was conducted. The morphological analyzer
they have developed for the Hebrew language has correctly analyzed 91.86%, not included for the

analyzer 3.86% and 4.28% tokens were not correctly analyzed for the system.

2.9.1.4  Morphological analyzer for the Turkish language

A morphological analyzer for the Turkish language TRMOR was developed by [39] and used a
rule-based approach that was implemented by Stuttgart Finite State Transducer (SFST). They
concatenate stem and morphemes in all possible sequences through morphotactic rules and the
output string is mapped to correct surface form through morphological rules. The surface level
realizes the phonological form of a string via a chain of symbols in the normal inflected form of a
word and the lexical level fills the abstract basic form of input with lexical information. Most
Turkish word formation has influenced by vowel and consonant harmony that
morphophonological rules need to account. The form of the TRMOR morphological analyzer was
composed of base stems with derivational participles. Productive and a few unproductive forms
of derivational suffixes were recognized by the morphological system for the Turkish language
and different morphemes with the same surface forms in the Turkish language were treated
differently in the lexicon[39]. The inflectional classes of suffixes differ according to their endings
in the TRMOR system and the vowel ending suffixes belong to the VerReg-p inflection subclass
and the consonant ending suffixes to the VerbReg-Ym inflectional subclass[39]. In the
morphological process of TRMOR, parallel and sequential implementation of the morphological
rule takes place on the TRMOR transducer is built. In this system, the compiler reads the lexicon

files, and each line is converted to a transducer, and the transducer were combined with the OR
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operator. The TRMOR system has used 44 rules to map morpheme sequences to surface forms.
They used a list of word forms annotated with correct morphological analysis to evaluate the
Turkish morphological system on the gold-standard words to analyze the correct grammatical
morpheme. They evaluated the system based on two corpora and compared it to the TRmorph
analyzer for the Turkish language[39]. The 1000 word has taken from the Wikipedia list with its
compounding frequency range and the 2-million-word corpus was extracted from the lexicon
Vikipedi (the Turkish version of Wikipedia). During the execution of the gold standard, they
handled both entries of grammatical and orthographically and executed them on this file[39]. They
evaluated the system using the evaluation matrixes and achieved the expected result was precision
of 94.1%, recall of 79.80%, and F-Measure 86.39%, and the authors quantitative compared
coverage of the current system TRMOR and TRmorph prior work with their respective accuracy
archived. In the current system, 72% accuracy was achieved which is better compared to the

accuracy of prior work which was achieved at 38%.
2.9.2 Morphological Analysis for Local Language

2.9.2.1  Morphological analyzer for Wolaytta language

Free/open-source finite State morphological analyzer and generator for the Wolaytta language was
developed by Tewodros A.Gebreselassie, Michael Gasser, Jonathan N.Washingto, and Baye
Yimam [14]. They employed a rule-based approach, implemented using an HFST (Helsinki Finite

State Transducer) toolkit and tools from Apterium’s Svn repository. The authors have studied that
the Helsinki Finite State Transducer toolkit was used to implement both the lex formalism for
defining lexicons and the two-level and just formalisms for modeling morphological rules for the

Wolaytta language. Those authors used the lexicon of Wolaytta words, Morphotactics, and

orthographic rules information of the Wolaytta language to model the morphological analyzer and
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they have prepared the Wolaytta language sentence corpus from Wolaytta-English bilingual
dictionary, and books written for academic purposes[14]. They have written orthographic rules of
Wolaytta language in the HFST architecture in the HFST-TwolC formalism that is used to compile
grammar two-level rules into sets of finite-state transducers. They have defined morphemes and
morphological rules in the lexicon file and alternation rules of Wolaytta verbs were defined and
rules were composed of lexicon files in the HHFST-two files. The total size of tokenized words
in the corpus they used was 38479 instances. 16.87% percentage of words were not recognized by
the morphological analyzer of the Wolaytta language and 83.13% percentage of words were
recognized by the Wolaytta morphological analyzer, the remaining percentage of words fell into
out of vocabulary words. They evaluated the accuracy of the system one thousand forms were
chosen at random from a corpus of Wolaytta language and they achieved a precision of 94.85%

and recall of 94.11% was returned analysis correctly[14].

2.9.2.2  Morphological analyzer for Amharic, Afaan Oromo, and Tigrigna language

Horn Morpho system for morphological processing of Amharic, Oromo, and Tigrinya, developed
by Gasser[5] by employing finite state transducer (FST). The system analyzes and generates words
in Amharic, Tigrinya, and Oromo. The separate lexical and guesser FST for Amharic and Tigrinya
is developed for handling each processing direction and there is a separate finite state transducer
for verbs for each language. There are two additional processing functions of Amharic and Oromo
which segment input verbs into sequences of morphemes and there are two more functions for
Ambharic which converts the input orthographic form to a phonetic form[5]. The function of
prefixes and suffixes is concatenated into the stem function to create the full verb morphotactic
functions. The generation function takes a Stem or root and a set of grammatical features and
produces the combinations of possible morphemes. To conduct this research, the authors derived

the Amharic lexicon from the Amharic-English dictionary Aklilu which has 1851 verb roots and
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6471 noun stems, verb and noun roots of Oromo are extracted from the dictionaries of Gragg and
Bitima which has 4112 verb root and 10659 noun stems and for Tigrinya verb roots is derived
from Efrem Zacarias online dictionaries that have 602 verb roots. To evaluate the performance of
the system words were selected randomly from the word list 200 Tigrinya verbs, 200 Amharic
verbs, and 200 Amharic nouns and adjectives were collected. A human reader familiar with the
language evaluated the system's functionalities. The resulting accuracy of the system was for
Tigrinya verbs 96% of the system output was a correct combination of roots and grammatical
structure, for Amharic verbs 99%, for Amharic nouns and adjectives 95.5% of the system output
was correct [5]. The morphological generation function was expected to generate 10 to 25 verbs
which are randomly selected and the accuracy of the generator for Amharic was 100% and for
Tigrinya 93% but the Afaan Oromo words have not been conducted comparable evaluation

because its complexity of use of double consonants and vowels words in Oromo.
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CHAPTER THREE: LINGUISTIC STRUCTURE TO AWNGI
LANGUAGE

3.1 Introduction

In the Amhara Region State of Ethiopia Awngi is grouped under a Central Cushitic language
family spoken by more than 2.5 million Awi peoples living in an extensive area of central Gojjam
in North-West of Ethiopia[24]. It is one of the thirty (13) Zones in the Amhara regional state of
Ethiopia and most speakers of the language live in this Zone and various areas of the Metekel
Zone of the Benishangul Gumuz National Regional State. Based on geographical demarcation the
Awngi language consists of four main varieties: Awngi, Kimant, Bilen, and Xamtagna, within the
Central Cushitic language family. Those people are found in some fragment areas of Amhara and

Metekel Zone of Benishangul Gumuz Region.

As described by [6] the Awngi language has been started as a medium of instruction since 1989
for the first time in five selected primary schools in the Awi zone. Present-day Awngi (A®@1) is
used as a medium of instruction in grad one (A9>TAt) to degree level (primary, secondary, junior,
colleges and degree program at enjbara University). This language plays a vital role for the people
of the region in public media, social issues, religion, political affairs, economic activities, and
technology of the Agew-Awi administrative Zone of enjbara (A780¢-) in the Amhara Regional

State of Ethiopia[8].
3.2 writing system of Awngi language

Similar to Amharic and Tigrigna languages, the Ethiopian Fidel script is also used for the Awngi

writing system. Which currently used alphabets in the Awngi writing system are based on Geez
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alphabets that are permanently implemented from the Amharic writing procedure without
changing the structure[6]. The Awngi language consists of 24 basic letters of which five are
labialized consonants (A0.NOF*th) and six are vowels (A2N9%th). In the modern Ethiopic
Fidel script, each syllable pattern comes in different orders that reflect the seven-vowel sound (&,
&, A, &, k, b, k) whereas others represent the consonant sound that is used in Awngi writing system
[7]. Awngi writing system does not ensure the basic Amharic alphabets like ‘&’, ‘¥, ‘a’, v, “v, ‘0’
‘X, T, ‘e, ‘&M because of these characters does not form native words for the Awngi language.
However, there are additional two language-specific Fidel or alphabets and four sounds used for
the Awngi writing system only which do not apply in Amharic, because of these this alphabet
does not form native words for the Amharic language such as (¢) for the sound Q, (%) for sound

n/ng, (h) for sound G, and (&) for sound ts[10][50]. inpout

As described by [50] the Awngi phonological sounds show variations in distribution these are b,
ds, X, and, 3. [x] and [K] are allophones of the same phonemes, which demonstrates the voiceless
uvular fricatives, and voiced complement, point of articulation respectively and the variation is on
the phonetic level not on phonemic. As described by [51] the occurrence of the voiced [K]follows
after a vowel while the voiceless one [x], occurs somewhere else the two sound variants are
categorized by the same phoneme. In the same way, the voiced palatal affricate sound [ds], has
the fricative [3] which occurs after a vowel, but i, and affricate sound one [d3], that occurs
somewhere else to show the distributional variation of a single sound at a phonemic level[50]. The
occurrences of morph [dz], are rear to the affricate, and the phoneme is realized as [z]. For
example, we have two words, siedzdza (fH) meaning in English “’four”’ and budzdzi (M)
meaning in English “’fat’” shows that the occurrence of affricate, [d] as long consonant between
vowels but in above words while the affricative one [z] occurs as a non-long consonant in all

environments. B has two morphs, [b] and its variant fricative /#/, and occurrences ensuing a
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vowel and [b] elsewhere[10]. The Awngi language contains the following consonant listed in table

1 and the pronunciation of several consonants are as they are spelled

Table 3 1:List of Awngi Consonants adapted from [ (Wedekind, 2002)

Labial | Alveolar [ Palato-velar Uvular
Plain Labialized | Plain Labialized
Plosive | Voiceless P,T |T* k h k™, e Q¥ Q*
Voiced BNl |D & g, 1 g", T G h G", T
Affricate | Voiceless &, 0 c
Voiced dz, z, 1 d 3/, &
Fricative & |Sa i
Post-stopped fricative A )
Nasal M % | N7 Ing 0, %) |Ip72
Flap R C
Approximate w, o [ L, A Y, &
3.3 Basic Syllable structure of the Awngi language

The syllabification is language specific. Every language has its structure of syllables. In a language
there are four forms of syllable structures (hAe» @-hC), these include a CV, CVV, CVC, and
CVVC these can be found at word initial, medial and final positions. Syllables (h.a&.9°) are an

interior structure of the linguistic, in this case, Awngi[50].

According to the [52] orthographic word system of the Awngi, language has a basic syllable

pattern, and the fact that most cases the Awngi language syllables structure obeys the maximum
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acceptable syllable template of CVC (C standing for a consonant (A0 F¥th) and V standing
for vowels (AHuN097%rh)) for the formation of words and preference that there is at most one
consonant in each syllable on-set and the rhyme. Example &adx?t (dsifi’nt) to represent the
cluster consonants of a(dsi)-CV &h7(fi’'nt)-CVCC ‘fear’, harta (Gsanti) CCVC-CV ‘big’.
Consonant clusters are frequently appearing word-medially. This does not mean that word-
medially should be a collection of more than two consonants which is true in most cases in Awngi
syllable structure. The most common syllable structure in the Awngi language is CV but this does

not mean all words begin with a CV because some words start with \VC syllables structure[50].

From these six vowels in the Awngi language, they have a rare occurrence of word initials the
only two vowels are acceptable at beaning position a syllable (h.A.9®) /a/ and/i/. Some of the words
using vowels at word initially like as in ‘asip’(hd.T) V-CVC ‘think’, ‘isté’(xnt) VC-CV, ‘it is
called’ and ingir (a71Ac) VCC-VC ‘back’ and vowels in this language are considered as the

central, front, and back vowels[51]. This vowel representation of this language is depicted below

Table 3 2:List of Awngi Vowels adapted from (Joswig, July 21, 2003)

Front(§7) Central () Back(A79IC)
High(AT) PY0) () A (u)
Mid(ah) e (e) A (o)
Low((E) h(a)

Vowels in Awngi are sound markers and like another Ethiopian language in Awngi, a single word
takes plentiful information due to its very rich morphology that grammatical information is
conveyed through affixes that should be attached to the roots (e».A.z). In the Awngi language,

the word never begins with non-central front (§%t%) and back (A%1C+%) vowels because of an
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issue with word-medial consonant clusters[50][53]. In this language, the high central vowel &(i)
helps as the default epenthetic vowel and is inserted to break up unwanted combinations of the
consonant in which phonological rules are governed. For example, inserting the vowel 4/i/ like
combinations of plosives at different places of articulation as in kagitiGa (hea+Hh) CV-CV-CV-
CV, ‘you dried’. Without an epenthetic central vowel (i) Awngi language speakers produce a
combination of three consonant cluster words these clusters should be easily pronounced as impla
(49>TA) VC-CCV, ‘one’. The numbers of consonants are not as important as the ability to
pronounce a given combination as determined by the sonority hierarchy [50][54]. To validate, the
maximum syllable template CVC in the Awngi language, CCC clusters in the word-medial
position are broken by inserting the central vowel /i/ like as in imp#l& which is responsible for a

certain interpretation of several sound sequences.
3.4 Morphological system of the Awngi language

As Pinnacle [30] pointed out, morphology (9°AL: &7t) is the study of the interior structure of the
word-formation process and how their structure reproduces their relation to other words.
Morphotactic is the process of how the smallest unit is interacting with one another to convey the
expected meaning of the words and a set of rules which constitute morphological grammar. The
Awngi morphological structure tells a variety of morphological structures that exhibit in the
language and the grammar consists of specific rules for each word category [21]. Basic word-
formation processes in Awngi are affixation and compounding and words can be one of the

following categories roots, suffixes, prefixes, and flexion are the basic morphemes[55].
34.1 Awngi Noun morphology

Like another language, the Awngi noun system is a word that is used to name or identify a person,

place, or thing. The noun system of the Awngi language is highly inflected for number and gender
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[56]. The gender, system exhibits two different genders, “masculine” and “feminine” which are
marked by final morphemes /-i/ or a zero /@/ and /-a/ respectively. For example, muligisi
(@>AFd.), a monk in English or aoih-4, in Amharic, is marked by final /-i/ that defines the
“masculine” gender and moliegiesa (*A%4), a nun in English or @th-.F in Amharic, which
marked by final /-a/ to define the feminine gender. In the Awngi number system, a set of affixes
is very common, singular and plural markers which are used to make Awngi nouns plural or
singular. The most plural marker in the Awngi language is /-ka/, (h) that attached to the last
consonant of the stem except in compounding word formation. There is no gender distinction in
the plural form of the Awngi language that represents the pluralization of either the masculine or

the feminine or both together[57].

Table 3 3:shows plural nouns with /a, -ka/

No Singular form Plural form

1 3¢ (Tay) “’sheep”’ Jeh tay-ka ‘sheep’

29 (Taya) ’sheep”’

2 &6 (firisi) ‘horse’ d.60n (fieries-ka), ‘horses’

é.¢A (fieresa) ‘mare’

3 é\h‘ (IIkW)1 calegn é\h‘h (IikW_ka)1c3|egS9a

A76+h (intsu-ka), <’Thin ones’
4 A76- (intsu), ‘thin’
5 £70¢ (dyori), “’donkey”’ £7fch (dyor-ka), “’donkeys’’

£ (dyora) , “’donkey”’

3.4.2 Verbal morphology of the Awngi language

As pointed to [58] the verbal morphological system of the Awngi language has a wealth of

inflectional forms in terms of gender, person, number, and tenses. Word formation in the language
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involves several different linguistic features including affixation, reduplication, and compounding
because the Awngi language is morphologically very productive. In the Awngi language, verbs
occupy the SOV grammatical order in a sentence. The attempt to substitute the position of a verb

with another part of speech results in inconvenience for sentence formation in this language[54].
3.4.2.1 Mono-consonantal verbs (A7°T& A70.-00F7T)

The Awngi verb formation exhibits the mono-consonantal to multisyllabic structure variations as

demonstrated below.

Table 3 4:Mono-Consonantal VVerb

Verb stem CV Syllabic structure Glosses
0~/ C- ‘Carry it
IE-| C- ‘get in’
fa-/ C- ‘go’
[t/ C- kill’
[t/ C- ‘take’

3.4.2.2 Possession (x94-) Marking in Awngi language

Possession markers in the Awngi language are morphemes that attach to the possessed noun and
pronouns to indicate that one thigs is owned by someone. Hence the possessor noun in this
language is placed with the number and gender suffixes for both the possessor and possessed
nouns. It indicates the current time possession noun in the Awngi language but does not show the
past time in the language[59]. The occurrences of Awngi possessive markers with number suffixes

and gender of both the pronouns and possessed nouns are not simple because the possession
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marking process number and gender morphemes are also conditioned for grammatical and
phenological aspects[7]. The possession markers in this language are 2@-/yi-u/, h@+/ku, -kw/,
1o/ ygi-u, ngi-t, ngi-ti/, for the singular person and ATEA/inojis-u/, K¥FE.A/intojis-u/, I&.i/
ngajis-u/ for the plural person. The possession suffixes are /-u/, /-ku/, /-kw/, / [-t/, [-ti /, [-sul. The
possession markers /yi-u/ and /ggi-u/ are for 1t and 39 person pronouns in both gender markers
and singular in a number. In the Awngi the suffixes /-u/are marked when the possessed noun is
singular masculine and /-t, -ti/ is possessed pronoun is singular feminine. The suffixes /-ku, -kw/
is the possessed noun in the plural and the suffixes /-su/ is used after the plural pronoun but the

possessed noun in the plural form. To illustrate it further consider the following examples

Table 3 5:The possession markers of the Awngi language

Awngi Awngi English

Lo 799G yi-u metsaf My book

1o 7394 10gi-W metsaf her/his book
AEO- hCAD aqa-u irsas The man'’s lead
APt R, aqqa-t #lua or aq-ti-illua The woman's cow
ATENN e inojis-ku biera Our oxen

ATL0 (LS inoyis-u biri Our ox

3.4.2.3 Negative(AfA.) marking in Awngi language

In the Awngi language, the negation marker is expressed using both free morpheme and bounded
morpheme that is realized with the suffixes/ -la/-a/, /-ga/-p(t-)/, I-yal/-£/, and /- ti/-t/. In the Awngi
language, the suffix ti/-&/ is a negative marking morpheme that occurs with an imperfective verb
before the number and gender markers. For example, /safatiw/, /94t@-/, [safatit/, /941,
Isafatinku/, /94-k70/ in this example w(@-), t(+) and nku(?h) are gender and number marker

which the /-t/ occurs before them. In this language the suffix -2-ga negates a state of being and
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like the past tense copula, it occurs as a word conjugating for both genders. The Awngi negative
marker affixes -la is always occurring attached to negated verbs to express the present and future
actions without showing the gender and number distinctions of the verb and it remains the same
for all subjects except first person plural[7][6]. The affixes -ga occur without a complement affix
which comes following numbers and gender affixes. The -ti occurs in clausal verbs following the
root and preceding number and gender suffixes. The suffixes ya/-¢/ and ga/2(t-)/occur with an
inflectional verb in the case of number and gander to express the action that did in the past and
the percent continuous respectively. To illustrate it further consider the following examples

presented in positive and negative pairs of sentences.

A. Alemu amaKarggi-e kulucif zumi-e. C) Alemu amaKarggi-a kulucif zume-la.
haoo ATTRCT TravEe BT hoo ATTACT TraEe Hov-dz

Alemu Amharic-acc speak-imp every day.  Alemu do not speak Amharic-acc every day.

B. Abebe metsa-fo anviebama-gi-yaK. D) Abebe metsa-fo anviebama-gi-ga-tiwieK.
ANN 9236 A70,097-1- 2 AN 9226 AT0LN0T1-D- 1B D
Abebe is reading a book. Abebe is not reading a book.

E. Ikni gniras dabdabe amaKargni-s tsafu-Ka. F) lkni gniras dabdabe amaKargnis tsafa-ya.

ahz L0 4N80 ATTACTA 941 Ahz L0 2080, ATTACT 94-9

LKkni writs the litter for his son. Lkni do not writ the litter for his son.
G. Kabedega dedegna-K H) kabedega dedegna ga-t-yaK

0L ..M nNLP .. r-t-h

The kabede’s wife is short. Kabede’s wife is not short.
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In the above sentence A, B, E, and G are all positive and C, D, F, and H are all negative sentences.
The negative marker morpheme -la in sentence /C/is used with imperfective mood and the

negative morpheme in /D/ is used with the state of being a verb.
3.4.2.4  Imperative (aHt) verb system in Awngi

The imperative (AH7t) verbs are used to give the command to the second person in both singular
and plural form. It is a verb that passes commending information to someone and command of the
speaker that influences the someone that we are speaking to perform or to not perform a specific
action. Forms of imperatives in the Awngi language exhibit affirmative(positive) and negative
forms. If the subject is second person singular most of the time the last letter of the verb should
be the /-8/-ts/,/-%/-Q/ or @ type of Awngi letter suffixed and the suffix, /-%/ -n/ following fourth

letter of Awngi alphabet depicts imperative information about second person plural forms[59].

For example:

Person imperative verb suffixed glosses

2" singular [14.c-olgefer-ts/ “you make”’
2"plurar 11.4.C9-7/gefertsa-n/ “You(pl) make”
2" singular In7YEq-slinjitsi-ts/ “you cook’’

2" plural [n78.9-1/injitsie-n/ “you(pl) cook’’
2" singular InrheP-$linkuwa-q/ “you listen”

2" plural (w7 F-7/inkuwaga-n/ “you(pl) listen”
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3.4.2.5 Verb of jussive

The jussive verbs are a grammatical mode for issuing orders, commanding, and a mode that
expresses an intention to influence the listener’s behavior. The jussive verbs are similar to
imperative mood but unlike imperative jussive, verbs work with all persons[22][8]. To illustrate

it further consider the following examples presented in the table below.

Table 3 6:jussive verb form of Awngi language

Person Jussive verb with suffix in Awngi Glosses

1% singular Sug-is=1-0 let me pound

2" singular Sug-t-is=a-1-+-0 let you pound

3" singular.M Sug-is=1-0 let him pound

3" singular. F Sug-t-is=-1-+-0 Let her pound

1% plural Sug-n-is=1-7-a let us pound

2" plural Sug-t-in-is=t-1-£-1-0 let you (pl) pound
3 plural Sug-in-is=(1.-r-0 let them pound

In the above table, the Awngi jussive verb can be used for all persons with suffixed morpheme /-
is/-ai/. In this, the jussive verb exhibits the same suffixes of the first singular and third singular

masculines as that of the second singular and third feminism.

3.4.2.6  Negative markers in the imperative’s verb of Awngi

The negative marker in the imperative verb is different from the affirmative imperative negative
form used in the second person singular and plural form. The suffix which depicts the second
person negative imperative form for singular is the last letter of the verb should /-€/,/-Qie/ and /-
¢e/,/-wielor @ type of Awngi letter and the suffix /-%/-n/ following 5th letter of Awngi alphabet

depicts imperative information about second person plural forms[7][8]. For example:
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Table 3 7:Negative markers in the imperative’s verb of Awngi

Person Negative suffixed of imperative verbs of Awngi

2" singular I14.C3/gefer-tse/ “You not make”’

2" plural 114,C3-7/gefertse-n/ “You(pl) not make”’
2" singular W TePE/inkuwa-ge/ “’you not listen”’

2" plural InThPE-7/inkuwage-n/ ’you (pl) not listen”’
2" singular WY R/inku-we/ “’you not sit”’

2" plural W78 n-B-7/inkuwe-n / “’you (pl) not sit”’

3.4.2.7 Negative tenses form of Awngi language

Tenses are the different kinds of verb forms are used to express an action about the present, past,
future, and continuous. In the Awngi language, tenses are not exhibited negative prefix markers
to the verb. All negative markers in this language are depicted suffix information such as /-a/-la/,
[-21-yal, I2(-t)/-t/t/. The suffix which used with percent and future tense, past, continuous, and

used with bounded morpheme respectively. The negative morpheme /-la/ does not show the

distinction between number and gender. For example:

A. inoji gazite xulucif anvevna-la C. inoji gazite anvevnanagi-ga-ti-wex
ATE, OHb TrTEE ATO-0G-A% ATE, Mt AT0-099-2-EB R
we do not read the newspapers every day. We are not reading newspapers.
B. Lkniji ayna gebela kaska-ya. D. des-atiya=%Aat™
ANLE Ae5 10,4 hah-£x des-natinYa=%05t7h
They did not go to town yesterday des-atink"1=&4t7®
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3.4.3.  Verbal inflections of Awngi language

In the Awngi grammar, an inflection is a change in the form of a word that shows its grammatical
function. The person can be represented as the first, second, or third with number and gender. In
the Awngi language, the marker of first-person singular is /-f/-Ya/, and the marker of the plural
is/-n&/-. The second person singular is /- t&/-3+/ and the plural’s /n/-%/. The third person singular
is /- awi/-@ /, /- tati/-t: / and plural/- &nk"i/-7h@/. There is no gender distinction in the plural form
of the Awngi language represents the pluralization of either the masculine or the feminine or both
together. The same phenomena happen with the first- and second-person singular which are not
identified by masculine and feminine gender. This depicts the neutrality of gender in the case of
plural person and first and second person but unlike this, the third person exhibits the gender
variation for masculine gender that represents / -awi/-®/ and /- tati/-t / to indicate the feminine

gender[22]. To illustrate it further consider the following examples presented in the table below.

Table 3 8:Verbal inflections of Awngi language in the case of gender and number

Person The inflected form of the Awngi verb Glosses

1% singular.M Kasa-YaYy=namf, kas-a=ha I go, I had gone

1% singular. F Kasa-Yay=hamn, kas-a=ha I go, I had gone

2" singular.M Katad-yay=h2"0q, kat-a=h you go, you had gone
2" singular. F Kata-yay=hz"nh, kat-a=hs you go, you had gone.
3% singular.M kasa-weY=ha€n, kas-a=ha He goes, he had gone.
3"singular. F Kata-tey= hJ-t1, kat-a=hg She goes, she had gone.
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1% plural Kan-aYay=hef'fi, kan-a=hg we go, we had gone.

2" plural Kata-nYay=n7711n, katk-a=hth You(pl) go, you(pl) had gone

3" plural Kasanku-weY=ha7h-®h, kask-a=hah they go, they had gone

3.4.3.1 Gender suffix in Awngi verb

The Awngi language has two genders masculine and feminine. So, to point out a certain gender
in the word contain a suffix but gender reference suffix is not common in all person. For example,
[+/t/, and /-t/ indicates feminine gender in the third person. The suffix /-@</-g/, @/, |-w/, [-y/,/-wi/
represents the masculine gander for person. Example for 3™ person masculine /94--@+/, /tsfa-w/, ¢
He writes’* and for 3" feminine /94.-t/, /tsfe-t/, ©°She writes’*. In the Awngi language, there is

no gender distinction in the plural form of all persons.

3.4.3.2  Number suffix in Awngi verb

The number is inflected in two ways in the Awngi a singular and a plural form. A suffix is a word
part that is placed at the end of a base word and there are verb suffixes to depict the number in the
word. Most of the time the number suffixes show plural numbers rather than singular ones. To

explain it further consider the following examples presented in the table below.

Table 3 9:Tabular description of number suffixes in the Awngi verb

Person Stem word Glosses Singular Plural

1prs.m /et knt/ “Teach” a2/, [knt-tse/ | /nrt-8-%/, [knt-ts-ne/
1prs.f /7wt fknt/ “Teach” lark-9/, [knt-tse/ | /nrt-8-3/, /knt-ts-ne/
2prs.m /rt), knt/ “Teach” a1/, lknt-tsi/ lnrt-2-5/, [knt-tse-na/
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2prs.f /rt), fknt/ “Teach” a1/, Iknt-tsi/ lnri-9-9/, /knt-tse-na/

3prs.m [rt), fknt/ “Teach” lart-%/, [knt-tse/ | /art+-9-9/, /knt-tsa-na/

3prs.f [rt), [knt/ “Teach” lark-9/, Iknt-tsi/ Inrt-9-/, [knt-tsa-na/

/-tsne/és, /-tsena/4q, and /-tsana/9s in the above example depict the appearance of plurality for
the first person, second person, and third person respectively. There is no existence in the singular
form of the word and it is possible to conclude that /-tsne/ and /-tsi/ shows the Singularity of the
word in the Awngi language concerning the specified person. The suffix for present tense third

person singular she/he exhibits most of the time 5" letter of the Awngi language.

3.4.3.3 Tenses in Awngi

Tenses are different kinds of verb forms, these verb forms are used to express an action whether
we may speak about the past, present, future, or continuous actions. Tense can be non-past time
and past time which the Awngi language exhibits it. In the Awngi language, there are two

identified aspects of a verb form perfective and imperfect [55][58]. For example:
Person stem imperfect perfective Negative form

1prs.m /make/, [14.c%/ [geferts-e/, [14.C%-/  [geferts-YWVa /, [1é.C6- B/  [164.C9-A/ [14.C9-8/

lprs.f  /makel, /14,c4/ [geferts-e/, /14.c%-/  [geferts-YVWa [/, I1é.ce-B/  [14.C9-A/ [14.C9-8/
2prs.m  /make/, /24.c9/  Igeferts-a/, [24.c9-/  [geferts-YVWa /, [1é.co-B]  [14.,C9-A/ [24.CL-0/
2prs.f  /make/, 76.c9/  [geferts-a/, [16.c9-/  [gefertsi-YWa /, [14.C9.-B/  [14.C9-A/ [14.C9.-£/

3prs.m  /make/, 76.,c9/ Igefertsa-wil, /14.C9-®/ [geferts-YWa /, [14.Co- B/ [14.C9-A/ [24.C9-2/
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3prs.f  /make/, [14.cL/  [geferts-i/, [14.,C9.-1 [gefertsi-YWa /, /16.CL-B/  [18.C9-A/ [14.,C9.-8/

lprpl  /makel, /1é.col Igeferts-ne/, /14.co-3/ Igeferts-naYWa/, 1164.C6-SB/  [1é4.Co-5A/ [14.C9-£/

2prpl  /make/, 114.,c4/ /gefertse-nYa/, /14.c9-70/ [gefertsi-YWVa/, [14.C9-B/ [14.,C9-A/ [14.CL-18/

3prpl  /make/, /14.C9/ [gefertsa-nkY i/, /14,C9-7h®/  [geferts-Ka/, /1é.Co-n/  [16.C9-A/ [1é.Co-nP/

The illustration shows that the tenses suffix for both genders for the first person and second person
indicates the identical suffix concerning its person in the past, percent, and negative form of the
verb. In addition to this, the third person masculine and third person feminism is the same tenses
suffix with first person and the second person respectively in the past, percent, and negative forms
of the verb. In this language, most of the time perfective marker is -Y"a /- i/ and the imperfective

marker is the fourth letter of the Awngi language in the above table the -tsa/-9/ is the imperative

marker.

Person stem present continuous past continuous
lprs.m,  /make/, /24.c9-/  [gefertsa-tagi-yaY/, /24.C9-31-£R/ /gefertsa-tagi-ixiyo/,
118.C9-F1-00 T/ Negative /24,C9-F1-2-BT/, [14,C9-FL-h(LE/

1prs.f /make/, 11¢,c3-/  Igefertsa-tagi-yay/, /14.,C9-31-£0/ /gefertsa-tagi-ixiyo/,
118.C9-F1-00 T/ Negative /24,C9-21-2-BH/, [14.C9-FL-h(LE/

2prs.m /make/, 11¢.,c%-/  Igefertse-tagi-yay/, /14.,C4-31.-S0/ [gefertse-tagi-ixiyo/,
114,C3-21-A 0T/ Negative /[24.,C%-F1-2-BN/, [18.C9-F1L-h 08/

2prs.f /make/, [14.,C%-/ lgefertse-tagi-yay/, /14.,C%-31.-£0/ Igefertse-tagi-ixiyo/,
114,C3-21-7 0T/ Negative /24.,C%-F1-2-BT/, [14.C3-F1-hTi€/
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3prs.m  /make/, /14.c3-/  /gefertsa-magi-yay/, /24.C9-“11.-£0/ /gefertsa-magi-ixiyo/,

126,C9-T1-hTL D/ Negative /24.C9-910-2-BH/, [14.,C9-T1L-h{LE/

3prs.f /make/, /14,C%-/ [gefertse-tagi-yay/, /24.C%-31.-20/ /gefertse-tagi-ixiYo/,

118.C3-F1L-H0L D/ Negative /24,C%-F1-2-BH/, [14.C4-F1-h(LL/

lprpl  /make/, I1é.cé-/ lgeferts-nanagi-yaY/, /16.C6-951-£0/  /geferts-nanagi-ixiyo/,

116.C0-SFL-A0. T/ Negative /24,C6-99L-2-BT/, /14.C6-95L-A 1L/

2prpl  /make/, /14.c1-/ [gefertsi-kamagi-yaY/, /14.C1-091.-£0/ /gefertsi-kamagi-ixiyo/,
118.CL-NT1-A AT/ Negative /24,CL-h9T-2-BH/, [14.CL-NTTL-ATLE/

3prpl /make/, Iné.co-l  Igeferts-kamagi-yay/, /14.Co6-ho11-£0/ /geferts-kamagi-ixina/,
11é.Co-nL-hTlG/  Negative [28.C6-ha90.-D-B1/, [14,C6-N"TL-A0LE/

The tenses suffix in the above illustration shows that masculinism and feminism for the first person
and the second person are identical concerning tense in the present continuous, past continuous,
and negative form of the verb. In the Awngi language, the verb form remains the same both in
affirmative and negative form but ‘R’ in continuous tenses is replaced with ‘2-€R’ irrespective
of the subject. In Awngi ‘R’ depicts positivity whereas ‘2-€h’ indicates negative. In the Awngi
language, most of the time the percent and future tenses represent the same suffixes. The present
continuous marker suffix are /-tagi /-3~1/, /-magi/-971,/, /- nanagi /-951/, and / -kamagi/-he71,/.
The suffix /-tagi /-3+1/, is used for the first-person singular, second-person singular, and third-
person singular feminism, and the suffix /-magi/-e71./ marks only for third-person singular
masculine. The suffix /- nanagi /-697/ is the first-person plural continuous marker and the suffixes
/ -kamagi/-h11,/ is the continuous marker for second person plural and third-person plural marker

as illustrated above example. Most of the time for all personal classes adding the /-afL T/ -ixiyo/
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to the present continuous marker results formation of the past continues the form of the verb except

the third person plural which needs unique past continuous markers suffix /-Af.g/-ixina/.

3.4.3.4 Passive in Awngi

In passive construction, the object of the active verb becomes the subject. In the Awngi, the suffix

/-st/-tvi+/ is the passive marker attached to the active transitive verbs. For example:

The active verb root Gloss Passive verb stems Gloss
gibit/.0+/ build gibit-ist/L0F-AbH be built
ziq/ 1P/ drink ziq-ist/HP-htvt/ be drunk
dunts/&z8/ break dunts-ist/4-76-afvk be broken

In the above example /-st/-tvt/ suffix in the language is used to attach to active transitive verbs to
derive passives verbs by preceding the epenthetic vowel A(#) attached to verbs ending in a

consonant to avoid impermissible consonant clusters of this language.

3.4.3.5 Reflexives in Awngi language
The reflexives are a verb where the subject and the object relate to the same entity and a variety
of languages use the reflexive forms for suffixes, case endings, word order, and pronouns. This
language uses suffixes to express a reflexing meaning. The reflexive markers can be pronounal
and verbal reflexives[59]. The former is a marker that exhibits the properties of pronouns and
verbal reflexives is a part of the morphology associated with verb suffix which this study is going

to in this language. In this language, the verbal reflexive marker is /-ya/[59]. for example:
Verbal roots Gloss verbal reflexives Gloss

jew-/gm--/ buy jew-t-a-ya-t-a/go-3 R she has bought for herself.
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gibit-/.0+-/ build gibit-a-ya-s-a/.0.4"ha he has built for himself.
Kew-/h,@--/ cut kew-a-ya-s-u-n-a/nPhaG they have cut for themselves.
gifir-/1.é.c-/ make gifir-ts-e-ya-t-a-n-a/1.4.C%H24 you have made yourself

3.4.3.6  Causatives in Awngi language

As pointed out by [59] the causatives are a situation that involves two factors the cause and its
effect. According to morphological connection causative markings in Awngi are composed of a
causative morpheme and a base verb. In the Awngi language, the causative verbs are derived by
suffixing /-ts/-8/ to the verb base. Causatives can be categorized two as single and double. The
addition of /-ts/-&/ to the verb stem is single causative and the doubly causative is the addition of

the same suffix /-tsts/-éé/ to the base verb as demonstrated in the following example

Table 3 10: Tabular description of Causative forms Awngi verb

Root verb | Gloss | Single Gloss Double Gloss
causative causative
limi-=Ae1, | Close | limi-t= Cause limi-tsts= Cause someone to Cause
a7 someone  to | A“1e6 some other to close
close
kungi- Jump | kungi-ts= Cause kungi- Cause someone to Cause
. e someone  to | ss=h2i1.86 some other to jump
jump
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yuri-=é | Sleep | yuri- Cause yuri- Cause someone to Cause
8=Tréé someone  to | sts="frs08 some other to sleep
sleep
gini-1.7. Run gini-s=176 | Cause gini-sts=17.66 | Cause someone to Cause
someone  to some other to run
run

As seen above table single causative verb is further causative to that forms the double causative
verbs. The result of the causative suffix does not change part of the speech category nevertheless

it changes the subcategorization of the verb forms.

3.4.3.7 Reciprocal in Awngi language

According to the [22][59] the Awngi language has the suffix /- n/ is identified as the reciprocal
marker that is suffixed to the verb. For example, desnin/ 03/ ‘to study each other, desin/&n%/.
In this example, we understudy that before the reciprocated the base verb should be changed to

the infinitival numerals. For more illustrate

dig------------------ > dig-in ------------------ > dig-in-in
nearer nearer-inf nearer-inf-recip
‘nearer’ “to nearer” ‘to nearer each other

The second /-n/are markers of reciprocal whereas the first is the markers of infinitival nominal.
3.4.3.8 Causatives reciprocal

In Awngi, the verb causative markers /-ts/ can be combined with the reciprocal markers/-n/ to

form verb derivatives. The sequential formation of causative reciprocals is infinitival nominals
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are derived from base verbs, causative verbs from infinitive nominals, and the causative reciprocal

from the causative verbs. For example:
tas-/20-/------- >tas-in/F0-3/-------- >tas-in-its/F0-%-6/-------- >tas-in-its-in/F-0-%-6-/

kick Kick-inf kick-inf-caus kick-inf-caus-recp

kick to kick cause to kick to cause them to kick each other

3.4.3.9 copula verb (verb to be)

The link verbs occur together with the main verbs in a clause. In the Awngi language, copular
verbs are together with the subject. This verb is a grammatical alternation that exists in the Awngi
language. There are suffixes of copula verbs in this language which are the /-y/-1/, /-yay/ -2/ this
suffix in the verb represents future action, and the/ix-/ati-/ suffix is depicted the past tense. They
are representing the same for all persons except third person singular masculine and third person

plural form. For example

Table 3 11:Example to illustrate the copula of Awngi

Person Word copula Glosses
1%sig ha'h-f -h I will go
2"%sig nAAR “h I will go
3%ig.m hAg-i T He will go
3sig.f hat-h -h She will go
1°Plu hei-h -h We will go
2"plu 700 -h You will go
3"%plu ha7h-g-h -h They will go
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CHAPTER FOUR: DESIGN AND METHODOLOGY

4.1 Introduction

This chapter deals with the detailed description of the design and methodology of the
morphological generation and analysis, the source where the data was collected, the finite state
technology as implementation tool and techniques used, the lexicon definition of the Awngi
language, the set of the continuous class definition, graphical representation of the system, the
definition of the morphotactic rule, designing language-specific rules that modify the
morphotactic rule ordering and morphological system evaluation based on the comparing system
generated words with the word collected in different domains were discussed. The finite state
technology is the preferred approach that required a special designing technique based on a deep
representation of linguistic knowledge of a language and word formation. During the design of
the morphological system using the rule-based finite-state approach, the following basic designing

issue must be considered to be addressed[46].

The first phase is designing the lexicon/ morphotactic part and the second part is the alternation
design phase. However, depending on the nature of the finite state transducer the morphological
system is bidirectional. This approach creates a conducive environment for morphological
analysis and morphological generator working at the same time by using a regular expression with

minor modifications the in the implementation part[48].

4.2 Methodology

There are several related articles and journals primarily the researcher reviewed and focused on
the study topic to collect input for designing a morphological system. For this study data was

collected from a different source. 574 root words were collected from supplementary grammatical

~52 ~



books and 152 root words were collected from the newspaper. These root words were selected by
the language experts from the collected document which is used for implementation. Using this
unique lexicon list of data, the researcher designs lexicon and morphotactic rules to experiment
with the morphological generator of the Awngi language. To report the implementation of the
study the researcher made the experiment that raw test output from a single test with the entire
lexicon implementation and the quantitative analysis which deals with the experimental result.
The next phase represents an experimental result in terms of a numeric value that can be

represented by percent.

4.3 Data sources

Natural language processing is a data-intensive field. For the development of a morphological
analyzer and generator for the Awngi language, the researchers collected the data from different
sources in the form of both hard and soft copies. The domain of the data sources was considered
under different categories such as the Awngi newspaper called cirbewa (Eca.®), the Injibra
university teaching materials, from high school Awngi textbook and we discussed more
morphological rules of the Awngi language with experts. The collected data passes through
preprocessing step and at the end of the process pure Awngi text is identified. The identified
document is tokenized into words by using python programing language by the researcher and
tokenized word is given to Awngi language experts to differentiate verbs from other parts of
speech category and identify root words from the verb. Lastly, the language expertise identifies

distinct 726 root words with input for morphological analysis and generation.
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4.4 Implementation Tools and techniques

The modeling and implementation of the Awngi morphological system were conducted based on
foma finite-state transducer implementation software. To run the foma finite state machine the
researcher selects the Linux-based operating system special Ubuntu 22.04. Foma is a commercial-
free and open-source finite-state toolkit that has facilities for a variety of natural language
processing applications ranging from morphological analysis to finite-state parsing. Foma finite
state can be considered a programming language that has its compiler and it is full of regular
expression finite state library intended for multi-purpose[60]. In addition to this, the researcher
uses VirtualBox 7.0 to run lexicon files and rules that guide the pattern of linguistics of the Awngi
verb word formation. The text editor which has integrated with VirtualBox is used to design the
lexicon and to write language-specific rules that govern root-to-morpheme integration. The python

programming language is used for tokenizing the documents.

4.5 Lexicon design

The lexicon is a stem word that is used as input to the system. The input word is segmented by
the system into its corresponding grammatical structure based on the part of the word input.
Morphological generation is revere process of analysis that takes input from the list of every
lexicon word of the Awngi language and affixes together with basic information about words. The
valid lexeme is followed with an appropriate sequence of tags and the system generated different

word forms. For the experimentation different basic information words or affixes are considered.

4.6 Continuous class

The inflectional of the word includes many morphemes that caries basic grammatical information
for the given word. The words in the lexicon script is operates under many continuous classes that

make the backbone of the morphological analysis. To model this continuous class the legal
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sequence of suffixes assigned to the respective class is needed. As stated above the morphological
nature of the language has different inflectional affixation. Those fragments of morphemes are
grouped into different continuous classes. For the experimentation of this system, we stated the
same continuous class. These are TENSC tense suffixes class, PRNSC Person suffixes class,
DVSC Derived verb suffixes class, NGSC negative verb suffixes class, IMPSC imperative
suffixes class, NUSC number suffixes class, GNDSC gender suffixes class, CAUSC causative

suffixes class.

4.7 Tags in Awngi language

Tags are the representation of basic grammatical information of words corresponding to
morphemes within the words. To mark each morpheme in the word we have used specific tags

including the following.

+V to represent the root verb is the on the class of the verb / 0 hé 73720 hr 4/
+ 1prs to represent the first person singular /A°TA7t 73780 190, FE/

+ 2prs to represent the second person singular/A37t: 37180 190, ‘E&/

+3prs to represent the third person singular /607 93780 190, E&/

+ Mas to represent the gender masculine /Aitiz-c+ &4 Wrq/

+ Fem to represent the gander is feminine/a7d+ &4 0rHa./

+1pl to represent the first-person plural/A9°Ta"rE: 73780 TLYEFR Ee NrH@-
+2pl to represent the second person plural/A57t: 93780 T 76 F& 9o/

+3pl to represent the third person plural/6-a7t: 93780 "L 7ER B¢ Wrr9@-/

+ NGE to represent the negative marker /afA. h7t9./

+Impfct to represent the present and future tense /A7% &6 Add £73@< 1HG AnTLFOHT n7dy
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+Prfct to represent past tense /.2 -8 1 HA AnT A+ 0y
+PrsCont to represent present continuous tense /4. Aho%F0311, AT 0rHey

+PasCout to represent the past continuous tense

4.8 Alternation rule in Awngi

The output string of the lexicon transducer is modified based on the orthographic, phonological,
and morphophonological rules of the language. This is a spelling rule that is used to model the
changes in words. In this language, the first person singular masculine form of a verb that has the
‘0’ /be sound changed into the “£°/pe sound in the inflected form of the verb. For example, a7°n.-
->09°%/ bambe--->bambe “’he swims’’ this is voiced consonant phoneme (L/be devoicing into
“L’/pe. Some verb geminations with the sound -&/-ts/ consonant when the word ends with the
second letter of the language to Convery double causative for example word A“L.é/Imits/ ‘he

closes’ A91.68/Imitsts/ “Cause some other to close”.

4.9 Graphical view of Awngi morphological system

Over all graphical representation of the system that shows the internal combination of the lexicon

form of the verb with the language-specific rules is reparented as follows.
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Figure 4. 1:Diagrammatic representation of Morphological Analyzer and Generator

In this section, the researcher discusses the set of continuous classes and the way of scripting
them. The language has well-defined ways of sequencing the morphemes. The lexicon part is the
list of a valid stem of the language and the Morphotactic rule is the ordering of the morphemes
that describes which class of continuous class can follow other classes of other continuous classes
inside the implementation. The Morphotactic and lexicon are scripted inside of the text editor
under VirtualBox following a legal sequence of the tags. It includes different continuous classes

with their morphemes lists. However, when the Morphotactic is compiled in the foma that




produces the Lexicon transducer. This lexicon transducer combines with the rules devolved by the

researcher. The components of the Morphotactic are explained as follows.

4.10.1 Person class

1%, 2" and 3" in both singular and plural are encompassed under the person class that contains
all suffix that points to a specific person at a certain level. In the person class, most of the suffix
for 1t and 3 singular masculine is pointed to @ which means the root words include these
properties in this parson suffix class in the Awngi language. The suffixes /-&/-#/ points for second-
person and third-person singular feminism. Suffix /- /- v/ for first person plural, /- 4/- t/ for

second person plural, and /- /- "%/ for third person plural.

4.10.2  Imperatives

As stated in chapter 3 imperative verbs are used to give the command to the second person in both
singular and plural form. Most of the time the suffix /-a/-s/, /-#/-Q/ or @ for second singular and

the suffix, /-7/ -n/ second person plural forms.

4.10.3 Causatives

The causative verbs are derived by suffixing /-ts/-é/ to the verb base. The single suffix /-ts/-&/
represents the single Causatives for the second person singular and doubling the suffix of the

single causative can produce the double causative for the second person singular suffix /-tsts /-éé/.

4.10.4 Tense class

Tense can be non-past time and past time which the Awngi language exhibits it. In the Awngi
language, there are two identified aspects of a verb form perfective and imperfect. The listed
suffixes describe the different kinds of tense forms in this language. Most of the time the imperfect

tense is marked with the 5" letter in the Awngi language and the suffixes /-Ya /-Ty/ for perfective,

~58 ~



[-tagi/-3/, - magi/-911/, [-nanagi /-9§1/, and /-kamagi-/-he11/, for present continuous, and /-

ixiYo/-hfi B/ for past continues.

4.10.5 Gender class

In the Awngi language, there is no gender distinction in the plural form of all persons. But the
suffix /-t/-+/-ti/-/ indicated the singular person feminism gender in the third person. The suffix

[-@+/-g/, @/, [-wl, [-yl,/-wi/ represents the masculine gander for person.

4.10.6  Negative class

The negative marker in imperative verbs is different from that of the tense negative markers. There
are four negative markers in the tenses class which are stated he chapter 3 above. The imperative
verb negative marker is the same as the plural number marker and the positive imperative marker
suffix /-7/-n/ but following with the 5th letter of the Awngi alphabet depicts imperative negative

information about second person plural forms.

4.11  Designing language-specific rules

Orthographic and phonological rules are stated here to govern word formation in a language. This
contains an alternation rule that describes which is the spelling changing sound of the language is

considered to the formation of words.

4.11.1 Epenthetic rule

The clusters of more than two consonants in this language need the epenthetic vowel phoneme
#/h. But the structure of this language states that the central vowel /i/ A / does not appear word-
finale. This means the epenthetic vowel in a language allows consonant clusters in this position
with no need to insert the epenthetic vowel. The structure of the language allows all other vowels

at the word-final but in the word-initial position the only acceptable vowels are /a/a and i /a. In

~59 ~



any potion, the combustion of nasal and geminate consonants is never separated by the epenthetic
vowel i/ 4. This is the functionality regarding with epenthetic vowel i /A in this language while
becoming a word-initial it is the evidence for the same phonetic sequence. When the sound i /&
becomes in the middle of more than two consonant clusters to validity more than two consecutive
consonants appear in the Awngi language. According to this discussion, the formation of a rule
for the sound i /A is proposed with the insertion, replacement, and deletion. If the i /A sound become
at the end of the root of the word or the final position of the sound the rule will be designed to
remove this sound. The insertion part will be designed in the epenthesis part. The nature of the
suffixes for the gemination consonants and nasal combination determines the replacement of this

sound for the other.

4.11.2 Replacement rule

Different replacement rule is encompassed to achieve the morpho-phonological processes of the
language. The verb is in the third-person singular masculine’s ends with voiced sound consonant
b/, d/& will be completely changed to first person singular by voiceless p/T, t/t respectively.
when the verb is in any imperative form the root final consonant is dz/t, &3/ changed into

voiceless ts/a, f/7F respectively. The replacement rule is as follows.
Rule 1: 0 — 1| con _ “"”;

& — | con__ N

H—é| con__ “;

& — | con__ A

The con is variable regarding the set of components phonemes in the Awngi language.
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4.11.3 Nasal Assimilation rule

In the Awngi language nasal occupies only the three places of articulation. This nasal assimilation
sound in this language is phoneme n/7, m/9°, n/%. They are inserted in different positions to
complete the language-specific rule with different consonants. n/> comes at the potion before the
alveolar (&) consonants sound to achieve second and third plural. The phoneme m/¢° inserted
before the labial(2.7t:h) consonants sound to Convery terminative (LHTLAT). The phoneme n/4%
only appears preceding pala-to-velar or uvular (+41.h+) consonants to Convery infinitive markers

in the Awngi language.

Rule 2: [..]>7] _ Al "+~
[.]>] _La"+"
[.]-% ] _VI"+;

In each of the rules, the variables Al, La, and VI are assigned for alveolar, labial, and palate-velar

or uvular consonants.

4.12  Evaluation of morphological system

The system is implemented using foma finite state tools and morphotactic with their expected
rules defined in the lexicon file. The language-specific rules are composed with the lexicon file in
the foma built function. The morphological system efficiency executed by finite state transducer
is measured in different word forms collected from different domains of the data sources stated
above in this chapter. To evaluate the efficiency of the system the researcher compares system-
generated words with the word collected in different domains. The useful data source for the
evaluating word formation of the Awngi morphological system is a word that existed in the

collected document. Analysis of expected efficiency is measured based on the predefined tag set
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and the legal combination of the root word with the grammatical structure of the given word form
that they exhibit. The resultant accuracy of this experiment presented in the term of percentage is
calculated as the difference between the total generated words (Tgw1) with the words that were

generated wrongly (Tgw?2).
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CHAPTER FIVE: EXPERIMENTATION AND RESULT

5.1 Experimentation environment

The presentation and discussion of the experimental results are based on the finite state machine.
It is specifically based on the foma finite-state toolkit. Foma is a lexicon programming tool
adapted for converting regular expressions to finite automata and transducers. It is a very efficient
and feature-rich implementation software package that enables the development of various natural
language applications. Based on this reason the foma lexicon programing language is selected for
implementing the morphological system of the Awngi language. That leads to the of using lexc
language to handle large amounts of lexicon with certain simplicity rather than a regular
expression of the language. The first phase of experimentation was obtained by running a lexicon
and morphotactic on the inbuilt functions of the foma system and the intermediate lexicon
transducer was formed which is composed of the alternation rule to generate the words. As
described in chapter four linguistic information was collected from the textbook, from Awngi
newspapers, and the supplementary grammatical resources of the language. The experiment result

was evaluated against the word that occur in the collected documents from a different domain.

5.2 Nasal phoneme m/9°, n/%/, n/% and place of articulation

As stated in chapter four above these phonemes are inserted in different positions to complete the
language-specific rule with the preceding different consonants in the Awngi language. They give
grammatical information for words generated. The phoneme n/%/ inserted before alveolar(€:£h)
consonants to achieve second and third plural, the phoneme m/¢® inserted before labial(2.7th-)
consonants to Convery terminative (LHTf.AF) and the phoneme n/?% inserted preceding pala-to-
velar or uvular consonants (+5.h) consonants to Convery infinitive markers. Based on this the

experimental result of those nasal assimilation phonemes is shown below.
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Table 5 1:Nasal phoneme m/g®, n/%/, n/? inserted to achieve grammatical information of the language

Total root | Words generated | Words generated | Percentage | Percentage
word correctly wrongly of success | of failure
Root words | 280 1605 75 95.54% 4.46%
take 7 before
Root words | 188 1082 46 95.9% 4.1%
take 7 before &
Root words | 94 504 60 89.4% 10.6%
take g0 before -1
Root words | 72 397 35 91.9% 8.1%
take % before

The information given above shows that the nasal sound participated in the word formation

process. The root words take the phoneme n/%/ that precedes the consonant sound t/+ to generate

1680 words out of these 75 (4.46%) words that were wrongly generated. The 188 root words that

take the nasal phoneme n/7%/ before the /6 consonant sound to generate 1128 words out of those

1082 (95.9%) words are correctly generated. The nasal assimilation sound m/¢® takes before the

last consonant sound b/-0 to generate 564 words and of the words 89.4% results percent success.

This nasal phoneme n/? participated in 45 root words before the Q/% to produce 270 words. Out

of this generated word, 255 words are categorized correctly generated. General nasal consonants
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for the word formation process produce 3804 words Out of these words 216 words are generated

wrongly.

Assimilation is the behaviors of sound influenced by neighborhood sounds. In all cases, the error
or wrongly generated words were encountered because of the factor that originates from epenthetic
sounds in this language. This is the functionality regarding with epenthetic central vowel i /A in
this language while becoming a word-initial it is the evidence for the same phonetic sequence.
The epenthetic sound breaks up unwanted consonant clusters in the word middle rather than the
at word-initial and finale. This means that in word-medial there should be no cluster of more than
two consonants. In the word formation process, the nasal phonemes m/¢®, n/7, and n/? are inserted
with other consonant sounds forming more the two-consonant cluster. For example, in the nasal
phoneme n/7%/, the root word takes 7 before -+ like this /h7F7h/ meaning /they learn/ during this
time the compiler considered the inserting the epenthetic vowel 4/i/ to break up unwanted four
/nrt7/consonant clusters /azat7/ to bear the grammatical information of words for the Awngi
language. In this case, the combination of nasal consonants is never separated by i /a. This
generates phonetically wrong words it is the same reason for all nasal phonemes which take other
consonants next to them. For the other three nasal phonemes a/i/ insertion between is given as
19297440, | 497246 Bl and | 1794473 for root word take 9° before -1, root word takes 7 before 8, root

word takes % before ¢ respectively.

5.3 Imperative verb result

Commanding information depends on the tone of the speakers that provide further information.
The imperative form of the verb can be categorized as either it is an imperative form or the present
tense of the second person singular in the Awngi language. Forms of imperatives in the Awngi
language exhibit affirmative(positive) and negative categories. It has suffixes with empty

morphemes that states that the form of root words can be imperative based on the nature of the
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language. The negative marker in the imperative verb is different from the other forms of verb
negative forms used in the second person singular and plural form. For this reason, the negative
imperative form suffixes for both second-person singular and plural requires a certain condition
to be attached to the free morpheme. The imperative form of the word is described within its
negative form in chapter three of this report. Over all experimental result of the imperative verb

form is shown below.

Table 5 2:Imperative marker suffixes for word generation

Parson class Suffix attached | Numbers Words | Correctly Wrongly

to the root word generated words | generated words
Second  Peron | End with -¢ 2350 2006 344
singular End with -é 13442 12092 1350
Second-person -7 add the end of | 7708 6592 1116

singular negative | the fifth letter of

Awngi
Second person | -7 add end fourth | 6674 6219 455
plural letter Awngi
Second-person End with -& 2068 1972 96
plural negative End with -® 1974 1927 47

The imperative form for second-person singular negative and second-person plural in the above
experimental takes the same suffixes but the suffixes attachment depends on the nature of the last
letter of the root words. When the last root words end with a fifth consonant letter in the language
followed by suffixes n/% for the second person negative and n/7% for the second person plural with
the root word end for fourth consonant letters in the language. The factor that emanates error is

the glottal sound /h/ on the phonetic level that comes in unpredictable positions within a given
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word. It affects the implementation because phonological the exact glottal sound position

determination is a challenging task.

5.4 Word generated by geminated the consonants

Table 5 3:Word generation by doubling the consonant

Geminated | Total words | Percentage out of total | Correctly geminated | Wrongly
consonant | generated Generated words ford form geminated
word form
0->00 15440 20.06% 14315 (92.7%) 1125 (7.3%)
H->%9) 1063 1.4% 925(87.01%) 138(12.98)
7->77 1757 2.3% 1729 (98.4%) 28(1.6%)

In this experiment, 23.76 percent of the total generated words were formed by doubling the
consonants in the language. From the total words 20.06% of words were generated by ts/6->6é
consonant doubling up, 1.4% of words generated by 1/%->%% consonant doubling, and 2.3% of
words were produced by n/7->77%, consonant doubling respectively. 18260 words were generated
by consonant doubling out of this word 15440 or more than five times of other two nasal phoneme
geminate consonants were generated by ts/6->4é. Out of this word, 92.7% or 14315 words are
categorized by the researcher as correctly geminated word forms. In addition to this 1125 or 7.3%
of words were categorized as wrongly generated word forms. Because of the ts/6->éé consonant
in the Awngi language use in different inflectional morpheme and derivational as defined in the
morphotactic part of the rule formation. The reason that encountered the wrong word formation

in this experiment is that in the modern Awngi language, there is a glottal approximant [h], a
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sound that is a loan from Amharic. This modernly used phoneme has no phonetic and
orthographical known pattern for the Awngi word formation process. So that unpredictable pattern
phoneme /h/ results in the wrong word forms in this language. Depending on the applicability of
the phonemes in different inflectional suffixes like imperative marking, causative marking in both
single and double, with its geminated properties to some extent, contradict. In the same way, for
two nasal phonemes, 87.01% of words were generated correctly by doubling the 1/%, and 98.4%
of the correctly geminated words were by nasal phoneme n/7. The above experiment used
consonant gemination to give the basic grammatical information like second person double
causative marker. As described in table 5.1 above the wrongly generated words in the geminated
word formation of nasal phonemes are encountered from the insertion of the epenthetic vowel a/i/

to break up the unwanted grammatical structure of the language.

55 Experimental result of jussive verbs

Unlike the imperative verb jussive verbs generation works with all paranasal classes. It can be
generated in positive or negative verb form. The negative form of the jussive verb is using the
normal negative markers next to it. The affirmative form of the jussive word generation is going

to experiment with as follows.

Table 5 4:Jussive word generation

Person Suffix | Correctly generated word form | Wrongly generated word form

1%singularand | 0 1640 No

3 singular .M

2" singular and | "t 1640 No

3" singular. F

1st plural 0 820 No
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2nd plural and 0 1640

3" plural

No

The attachment of suffixes for jussive verb formation is all truthful for each person class because

there is no vague rule formation for the jussive verb of the Awngi word generation. The first plural

markers of the jussive verb marker are unique other three are the same within their computable

form.

Here is the sample graphical view of the word formation process in the Awngi language using the

finite state transducer (FST).
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Figure 5 1 Finite stat transducer for Awngi word formation
5.6 Morphological analyzer graphical view

The following image describes the Awngi morphological analyzer output screen on the foma
lexicon programming.
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Figure 5 2:Experimentation result of the morphological analyzer for the Awngi language

The output of the system in the figure above shows that for the given two-word #24¢472 (I am
helping the patient) and %24 (help patient) each has three grammatical meaning assigned for
them. The first analysis of words tells what the activate is doing at the moment for first, second,
and, third feminism with the same word form. Because the bounded morpheme (-,#z) which cares

about the contentions meaning of for all person is the same. Second system analysis shows the
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word is in the imperative form of the second person singular that passes commending information

and at the same time it is the word in the perfective form.
5.7 Morphological generation of Awngi word

All form of the suffix discussed in the above chapter is included for the morphological generation
of the words. Awngi language indeed is very predictive in its morphology because, from a single
root word, there is a maximum of ninety-two words is generated. Here is the experiment resultant
is the morphological system output screen from the single root word described by using foma

inbuilt functions.
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Figure 5 3: word generated from the single root word

5.8 Overall evaluation

Out of seven hundred twenty-six (726) root words seventy-six thousand nine hundred fifty-six
(76956) words were generated by the system. The correctness of the experiment has been
conducted by researchers and language experts. In the first phase, the generated word is tasted
manually by the researchers comparing the structure of generated words with collected word forms
from the different domains as stated in the methodology section. To evaluate the morphological
system the researcher uses clustering-based techniques based on a regular pattern of endings in
this language and the alternation rule components are used as evaluation parameters. At this time
researcher faces challenges with the words generated by the system but they do not have them in
the collected document. So, this whole system-generated word which are not in the collected also
evaluated by the language expertise in addition to the researcher. In this phase, the expertise
evaluates each word meaning that the newly system-generated words with which have words in a
document word. The performance of the morphological analysis is based on the form of words
generated correctly by the system. As evaluated in the two phases argues that the results of the
analysis are out of the total generated words (4915) of words encountered out of the word form of

this incorrect word formation because of reasons stated in the above experimental.
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CHAPTER SIX: CONCLUSION AND FUTURE WORK

6.1 Conclusion

The purpose of the research was to design a morphological analyzer and generation for the Awngi
verb form. Language technology plays a great role in developing software for analyzing and
generating word forms. The beginning with working with morphological analysis and generation
is a vital role in developing different natural language applications. Based on the literature
reviewed the Awngi is one of the under-resourced central Cushitic language family has never been
any efforts made for morphological studies. The absence of morphological studies in the Awngi
will limit the researcher’s conduct of high-level NLP research. However, the development of a
morphological system for the Awngi language is a very crucial point for further use of the
language in many levels of natural language application development. After a deep understanding
of the morphological nature of the Awngi, language researchers decide to develop a morphological
analyzer and generation system for the Awngi language. To achieve the decided goal the
researcher conducted by using a rule-based approach that was implemented by a finite state
transducer. During develop the morphological system same challenges were faced the insertion of
the epenthetic vowel a/i/ to brake ungrammatical triple /CCC/ consonant cluster that affects nasal
consonant insertion and the geminated consonants, word formation, and the loan sound /h/ which
was not stated clearly in the linguistic structure of Awngi in terms of orthographic or phonological

pattern affects the word formation process.

Constrictions of the transducer have two major components. The first component is Morphotactic
which is responsible for governing the grammatical rule that combines morphemes with the
meaning-bearing unit. This lexical design rule of the language is reshaped or modified by

language-specific rules or alternation rules. The second is a language-specific rule of the system
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that was designed based on a finite state transducer. In the era of the computational environment,
the Awngi language is resource-poor because it has no predefined morphotactic prearrangement
of words that are used for morphological analysis. Alternation rules and morphotactic arrangement
of words were constructed from scratch to meet the objectives of the study by the researcher. This
task takes much time to understand the linguistic nature of the Awngi language. The words in the
lexicon script is operates under many continuous classes that make the backbone of the
morphological analysis. In the morphotactic part of rule formation, the researcher defines twenty-
eight unique continuous classes each of the classes contains a minimum of one too to five

inflectional suffixes that participated in different word formations.

To convey the different grammatical information of the Awngi language like plurality,
terminative, infinitive marking, imperative marking, causative, and other different functionalists
the phonological and orthographic rules were developed to modify the morphotactic parts. To
achieve this orthographic and phonological process the different consonants are inserted removed,
replaced, and geminated in different positions. Assimilation is the behaviors of sound influenced
by neighborhood sounds. The three nasal assimilation sounds are inserted before the different
consonant sounds n/%/ inserted before Alveolar(€£h), m/9° inserted before Labial(1.7kh) and 1/
inserted preceding pala-to-velar or uvular consonants (+41.h+) to generate the words. Secondly,
geminated consonants are commonly used word formations process in the Awngi language. There
were 726 root words from which 76956 words were constructed using those continuous classes of
the morphotactic rule and 35 distinct rules defined. The researcher evaluates this formation of
words in different experimental evaluation techniques conducted to achieve the promising
performance of the morphological system. The nasal assimilation sound participated in 3804
(4.9%) of words from the total word formation process out of these 216 words was generated
incorrectly and 3588 words were generated correctly. Geminated word formation participated in

18260 (23.7%) out of the total word generated and out of these words generated by geminated
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consonants 16969 words were generated correctly and 1291 were generated wrongly. Out of the
total system-generated words, 4915 words were generated wrongly. The evaluation result shows
that 93.6% of words were generated correctly and 6.4% of words were wrongly generated. The
factor that emanates the error is that the epenthetic vowel &/i/ insertion breaks nasal and geminated

word formation and glottal sound [h], which is not part of the Awngi phonological system.

6.2 Future work

The development of morphological generation and analyzer for the Awngi language is at its initial
point. The work that may be needed to improve the morphological system performance is put in
the constative studies. Hence the future works that are incomplete or not included in the studies

are the following.

Due to the language experts and time constraints, the study was conducted only on the
morphological analysis and generation of the Awngi verb forms. So, in the future, another part of
the speech category of language requires conducting research and implantation like the Awngi

verb form.

Extending this work one can operate further investigation on the Awngi epenthetic vowel a/i/
formulating alternative rules that do not separate the sequence of gemination and nasal assimilation

word formation.

The researcher never considered the glottal approximant /h/, which appears irregularly in the
Awngi language word formation process. So, discuss with an expert more about the glottal

approximant /h/ and conduct experiments to improve the performance of the system.

The experimentation does not include compounding words in the study, the researcher who wants
to work with this area can improve word formation by incorporating this future of word formation

process.
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APPENDIX I: ALTERNATION RULE

# Vowels/A0N97+hh/

define V[A |&|&|&|&];

#definition of Awngi consonants/A?0.-003"7tn/
defineC[n|h|h|a|ald|a|a|q|7|+|T|c|s|o|o|F|@|e|& |8 |H|T];

#defining some substrings that determine the nature of suffixes attached to the root word in
Awngi language

defineschar [ (L | || a. | | &L || |& |9l | %] 4|8 |H|T];
#definition
definefro[a|n|h|qa|a|d|2|J|F | |44 |0|T];
#define Alveolar(e£h)

define Al[F|&|e|H|a|7|a|cC];

#define Labial(h74.ch)

define La[T ||| @-];

definefiv[o | |0 |00 |02 |2 |F|&]é| |8 |H]|T];
#define velar (+91.hv)
defineVI[h|a|F|&|td|%|e|®|h0];

defineaa [T|0|+|&|h|a|F|F|8]|6];
definear [ | 7| &% |e];

#To read the lexicon file

read lexc Lexicon.lexc

define Lexicon;
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#Rulel: #To Prohibition the place of occurrence of some VVowels to Convery their position in
the Awngi language

define adilation A->0 |_ """ [..] ;

#Rule2: #insertion of epenthetic vowel A to break up unwanted consonant clusters in the
language

define ainsertionbtwn [..]->A || CC _C “+7;
#Rule3:# vowel h insertion before ¢, 2, @, 4, T, A, to full fill the condition of the language
define ainsertionbefore [..]->a || _ "¢ | & | @ | 9| T | R “+7;

#Rule4: #Nasal Assimilation of phoneme insertion before Alveolar(££h) consonants to achieve
second and third plural.

define Zinsertion [..]->7 || _ Al “+”;

#Rule5: #Nasal Assimilation phoneme insertion before Labial(7.7t:h) consonants to Convery
terminative (LH0LOT) .

define geinsertion [..]->9° || _ La “+”;

#Rule6: #Nasal Assimilation phoneme insertion before pala-to-velar or uvular (+91.hv)
consonants to Convery infinitive markers.

define finsertion [..]->% || _ VI “+7;

# Rule7: Add at the end of the word ends with the second letter of Awngi to convey the single
causative.

define asinglecaAdd [..]->é|| schar _"";

# Rule8: Add at the end of the word which ends with the fourth letter of Awngi to convey the
imperative of the second person plural.

define 7imperativeAdd [..]->7|| fro_""";

# Rule9: Add when ends with the fives letter of Awngi to convey the imperative negative of the
second-person plural.
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define 7impnegativeAdd [..]->7]| fiv_""";
#Rulel0: #Two consonants come together at the end of the verb insert before the consonant.
define avinsertion [..]->A1. || _ &1 “+”;

#Rulell: #geminations of the last consonant when the word ends by & to Convery double
causative

#Rulel2: #replacement of the last consonant of the root to covary the first person singular and
imperatives

define 2replacement 2-> b, || _"";
define sconsonentdoubling 8->éa|| _""";

#Rulel3: #geminations of the last consonant when the word ends consonant Convery reciprocal
case

define gconsonentdoubling 4->%% || [31 | 6 +] """

#Rulel4d: #geminations of the last consonant when the word ends consonant Convery tense
plural makers

define 7consonentdoubling 7->77|| C _"A";

#Rulel5: #insertion to indicating first person plural for words containing glottal sound at the end
define ®insertion [..]->® |[T+_ “+”;

#Rulel6: #insertion to indicating first person plural for words containing glottal sound at the end
define +insertion [..]->* || [a | 7] _ “+;

#Rulel7: #replacement of the last consonant of the root to covary the first person singular and
imperatives

define (replacement .->%, €->F || "

#Rulel8: #To Prohibition the place of occurrence of 3 if it appears initial position from any
character remove it.

define Fdilation 9->0 || .#. _;
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# Rule 19: if the word ends %, add a to it to achieve possession markers.

define aipossessionAdd [..]->q|| &._ ",

# Rule 20: if the word ends 7 before the - to it to achieve third person plural markers.
define Zinserbtw [..] -> 7| _"""[x];

#Rule21: #replacement of the last consonant of the root to covary the first person singular and
imperatives

define &replacement &-> & || _""";

#Rule22: # tvt insertion at the end of the word when the end of the word is by the consonant to
achieve the passive forms of the verb.

define astinsertion [..]->0t || C """

# Rule23: Add @~ at the end of the vowel to convey the male gender marker.
define @-Addaf [..]->7|| V _"";

define Cleanup """ -> 0;

define Cleanup “+” -> 0;

define Cleanuph "-" -> 0;

read lexc Lexicon. lexc

define Lexicon

define Grammar Lexicon .0.

Adilation .0.
Ainsertionbtwn .0.
hinsertionbefore .0.
7insertion .0.
Jeinsertion .0.
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finsertion
asinglecaAdd
7imperativeAdd
7impnegativeAdd
avinsertion
1replacement
sconsonentdoubling
giconsonentdoubling
consonentdoubling
Pinsertion
tinsertion
(Lreplacement
Jdilation
apossessionAdd
7inserbtw
Lreplacement
atinsertion
o-Addaf

Cleanup;

regex Grammar;
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APPENDIX II: AWNGI WORD LIST OF VERBS

USED FOR EXPERIMENTATION

ageT; 0EG hg ho- hege azh
agen 0o a7k e ni afh
N4CS 00 ha nhac nen (.1
A4CY (N hi hhc hen a7h
0Ad 07 ha, A hye 0.8
AL 074 h9 (X8 he arta
¢ 09 ha hEf hecd 07
Nh- 0.8C n.aa & PER (+1
(A L8N g, ho3 g A
h 007 ho o eh ac
¢ 088 7 b ik )
- 0% Nk hr kY ar
00y Qi (N ¥ h7t nan AR
Fh hov'f ne h7rr e an,
W7 ot ho h7t: ik art
'Ac a3 hoE e e art
159 nod ha hN he L&
(XA n7h hage hee TP ()
0$h W7 et ht Tes AT
e na hrBa ht? {34 (e
0& 7t ot hee RS A
0.%A e hhh hin a7 L]
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