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Abstract

Morphological synthesis or generation is a process of returning one or more surface forms from a
sequence of underlying (lexical) forms. Today, synthesizers of different kinds have been
developed for languages that have relatively wider use internationally. Amharic is the second

most populous Semitic languages after Arabic. But it is not exploited in the digital world.

In this research paper, a rule-based approach to morphologically derive or generate Amharic
words from tri-radical verbs to finally generate rich Amharic lexicon is elaborated. This work
utilizes two data sources namely Amharic word list and tri-radical verbs. The Amharic word list
file contains more than 450,000 unique Amharic words. The tri-radical verb data source contains
more than 350 unique tri-radical verbs. The proposed method works towards identifying rules
from existing Amharic words after analyzing with tri-radical verbs. The new feature identified is
applying index changing the letter of tri-radical verbs. Index changing (adding vowel to
consonant letters) is one of the approaches used in morphological derivation of Amharic words

from root(stem) words.

After index changing of the tri-radical verbs, the index changed words will be searched in the
Ambharic word list file. If the index changed words are found directly or part of word with prefix
and/or suffix, the pattern of the word with respect to the root verb and index changed words will
be captured. From the pattern captured morphemes are extracted and rules are identified. 85,115
unique rules are identified. While identifying rules, the frequency of every rule is recorded in
order to evaluate the efficiency of each rule. A memory-based machine learning approach

applied to evaluate the frequency of the rules.

From the 85,115 rules, the prefix of 29,776 rules and the suffix of 32,401 rules are wrong, and
11,390 rules are discarded by wrong index changing process.

The rules identified showed the accuracy of 0.99, average precision of 0.88 and average recall of
0.85. Based on these rules, a comprehensive set of derivatives for tri-radical Amharic verbs were

generated and end up having a rich Amharic Lexicon.

Keywords: Morphological synthesis, Natural Language processing, Memory-based approach,

Tri-radical verbs, Amharic Lexicon, Rule-based approach, Morpheme.
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Chapter One: Introduction

1.1 Background

Language is human being only and cultivated method of communicating thoughts, feelings, and

needs by using symbols created by elites in a community [1].

Ambharic is a Semitic language from the Afro-Asiatic language group. After the most commonly
used Arabic language, Amharic is also the second most populous Semitic language. It is the
working language of the Ethiopian Federal Government and some regional governments in
Ethiopia [2]. According to the census done by the Central Statistics Agency of Ethiopia (it was
named Population Census Commission) in 2007, Amharic was a mother-tongue language for

more than 21 million people [3].

Natural Language Processing (NLP) is a sub-domain of Artificial Intelligence and Linguistics,
focused to enable computers understand the language of human beings. Natural language
processing evolved to simplify the task of computer users and to make the communication

between the computer users and the computer more effective [4].

The aim of natural language processing is mainly to develop a representation of the text that
makes the unstructured natural language into a structured one that can easily be handled by
computers, without affecting the rules of linguistics. This structure can be shown in syntactic
form like retrieving the grammatical relationships texts or in semantic like obtaining the meaning
of the specific text. The main characteristics of natural language processing system contains of
integrated components that process an input text in continuously sophisticated processes. In
general, the task of each component is to provide structure to the text that can be used to smooth
the task of the other processes. At the beginning, the components process tasks that are close to
the surface strings of the text, while the components at the end focused on analyzing concepts
and relationships. Multiple methods can be used to perform the task of the components; one is
rule-based methods for instance regular expressions and finite state automata. And also,

statistical and machine learning models are available [5].

Morphology is the structure or nature of words focusing on morphemes. Morphemes are parts of
the word that are distinguished as the minimal units of morphology. An example of morpheme,

the word “Ah-Nc+” can be morphologically analyzed into three separate morphemes: the prefix



“K”, the root “h-Nc”, and the suffix “at+”. Stem is part of the word that never changes even when
morphologically inflected. For example, £47 is the stem for the words £A7h, £A70, £477
ZA747v, etc. while root/lemma is citation form of a set of words. Amharic root form is usually a
sequence of three consonants known as radicals. For example, €A is the root form for .41, &4,

avg A9, 4.0, A1, etc [4].

Morphological analysis is the process of finding morphemes of a word. It is an important
element for spelling correction, machine translation, information retrieval, text generation and
other natural language systems. Morphological generation is the process of generating different

words from a morpheme.

Words can be formed from morphemes in two ways either in Derivational Morphology or
Inflectional Morphology. Derivational Morphology is a morphology concerned with the way in
which words are derived from morphemes through processes such as affixation or compounding.
This derivation process usually changes the part-of-speech category. Inflectional Morphology is
a morphology that deals with the combination of a word with a morpheme, usually resulting in a
word of the same class as the original stem, and serving same syntactic function. Inflection can
be achieved by marking a word category for person (first, second, third), gender (feminine,
neuter, masculine), number (singular, plural), case (subjective/  nominative,
objective/accusative/dative, possessive/genitive), definiteness (definite, indefinite), degree
(positive, comparative, superlative), tense (past, present, future), aspect (perfective,

imperfective/continuous), politeness (impolite, polite), etc [6].

The process of Amharic morphology analyzing is a very complex task. And primarily most of
the words in Amharic language are derived from verbs. These verbs can be identified as root
verbs having three radicals with pattern [7]. A pattern can possess a set of vowels that are
injected between the consonants of a root to produce a stem. Amharic verbal stems can be
generated from a ‘root + vowels + template’ combination. For example, the stem verb
ghl-ARA+ CVCVC forms the root 447 (‘want). For non-concatenated morphological features,
to generate inflectional and derivational morpheme, Amharic uses different affixes. These affixes

can be injected as prefix, infix, suffix and circumfix.

One of the sophisticated characteristics of Amharic language is a single word can be as

meaningful and complete as a sentence comprising all the Subject, Verb and Object. For



example, the word “Adh2FPAu-” meaning (“I need them”) and possesses all SVO (S-“A%”, V-
“g0°” O-“A1CA) in a single word. Ambharic verbs are inflected for any combinations of person,
gender, number, case, tense/aspect and mood. From these combinations, tens of thousands of
verbs (in surface forms) can be generated from a single verbal root [8].

This focuses on deriving words from tri-radical verbs to finally obtain rich Amharic lexicon. Tri-

radicals are verbal roots with three consonants in Semitic literature [10].

Number of researches made on identifying or generating Amharic lexicon from tri-radical verbs,
but none of those researches provide perfect model or algorithm. That makes this research area
open for more study. And this thesis focuses on designing mainly a hybrid morphological model.
The model integrates the features of rule-based and memory-based learning morphological
approach. This hybrid approach will add value in providing assistance to Amharic NLP, since
Morphological synthesizers have significant impact in NLP systems in finding morphemes of a
word using Morphological Analyzers. NLP processes such as Spelling Correction, Machine
Translation, Information Retrieval, Text Generation and other natural language systems require

an accurate morphological analyzer [9].
1.2 Statement of the Problem

Amharic is the second populous Semitic language next to Arabic but there doesn’t exist a system
or application that completely manages the language well in the digital world. It has a rich verb
morphology which is based on triconsonantal roots with vowel variants describing modifications
to, or supplementary detail and variants of the root form. A significantly large part of the
vocabulary consists of verbs, which exhibit different morphosyntactic properties based on the
arrangement of the consonant-vowel patterns [11]. Verbs are morphologically the most complex
POS in Amharic, with many inflectional forms; numerous words with other POS are derived
primarily from verbs [12].

The complexity of these verb morphological rules has been one of the most difficult tasks to deal
with in Amharic NLP [13][14][15]. Birile [14] describes this problem as it relates to speech

recognition.

“In Ambharic, there are much more than one thousand morphological expansions for each verb.

As far as speech recognition is concerned, each of these words are considered distinct and must



be considered separately, raising the complexity of Amharic speech recognition thousands of

times more than that of English.”

The use of morphological synthesizers for the generation of Amharic lexica was put forward
both by Lisanu [13] and Birile [14]. Lisanu [13] explored this idea by using a rule based
morphological synthesizer to generate verb derivations. He used a sample 8 root words and 42
derivations to test his idea, getting an overall accuracy of 81.48%. Birile [14], on the other hand
used rule-based generation on five root words and 349 different derivations. Birile’s thesis was
about speech recognition and only used the morphological synthesizer as part of the bigger
problem. He deliberately chose derived forms that provide 100% accuracy. Both authors

recommended further work on better modeling by expanding the research.

This thesis is proposing to develop an Amharic lexicon by morphologically generating or
deriving Amharic words from tri-radical verbs. Various researches are done in generating
Ambharic words by implementing different kinds of approaches. Researches made based on rule-
based approach in the case of generating Amharic words from root/stem words are done but none
of the researches can list or define all the rules of Amharic words derivation. It is understandable
that with the complex nature of Amharic language, it appears unattainable to identify the
derivation rules. Researches are also made based on statistical approaches that mainly apply
mathematical techniques on large text corpora to develop generalized models of linguistic
phenomena. The statistical approach bases on, the actual examples found on the text corpora
without adding linguistic or world knowledge. The statistical approach cannot be an ideal
approach for deriving Amharic words from root/stem words because of the unpredictable nature

of Amharic language.

In this thesis, a hybrid approach will be applied by combining rule-based and memory-based
approach for deriving large plus accurate words from tri-radical verbs. The main stand of this

thesis is rules must be found or created in order to have a valid Amharic lexicon.

In this work, the main research area is finding the best methods to develop an Amharic lexicon
by deriving Amharic words from tri-radical verbs using rule-based and memory-based approach.
With the help of memory-based techniques, rules found from sample documents will be rated.

The rating of rules found will be a new method to validate the correctness of the rules.



1.3 Objectives
1.3.1 General Objective

Develop an Amharic lexicon by deriving words from tri-radical verbs applying rule-based and

memory-based learning approaches.
1.3.2 Specific Objectives
= Analyze common Amharic tri-radical verbs.
= Review related works in deriving Amharic verbs.

= Design hybrid model for developing large Amharic lexicon by deriving words from tri-

radical verbs.
= Design proper algorithm to test the designed model.
= Develop a demo application to demonstrate the designed model.

= Test and evaluate the demo application and the lexicon data generated.

1.4 Research Methodology
In this thesis work, there are four phases to effectively obtain the desired result.
A. Analysis

= Literature Review: to identify the existing methods developed with their specific pros and
cons.

o Review of Amharic Natural Language Processing
o Review of Amharic morphology
o Review of existing Amharic morphological synthesizers and approaches applied.
B. Design
= Design model for deriving Amharic words from tri-radical verbs.
= Formulate an algorithm for the designed model.

= Define steps to entertain every activity involved in generating of derived Amharic words.



C. Implementation

= The designed algorithm will be developed into application. And it will be available for

testing and demonstration.
D. Evaluation

= The accuracy and effectiveness of the proposed model and the algorithm designed will be
evaluated by measuring the number of words generated and the approval rating of the

rules obtained.
1.5 Scope and Limitation of the Study
Scope

= This study focuses on designing of a model for generating derived Amharic words from

tri-radical verbs.

= It will use selected number of tri-radical verbs for testing and demonstration.
Limitation

= It will only consider tri-radical verbs.

= It will only focus on identifying derivation rules not grammatical rules.
1.6 Significance of the Study
After the implementation of this model;

= More Amharic lexicon will be available.

= The Amharic lexicon can be a good input for Amharic language related applications like
word prediction, spell correction, grammar checking, information retrieval, information
extraction, machine translation, question-answering, dialogue systems, text

summarizations.
= Researches on Amharic morphological derivational rules will have another point of view.

= The availability of rich Amharic lexicon will be a great milestone for Amharic language

in the digital world.



1.7 Organization of the Thesis

This thesis is organized in six chapters. In Chapter 2, basically relevant literatures will be
reviewed regarding Amharic morphology; Amharic words derivation rules, Amharic morphology
morphological synthesizers. In Chapter 3, the existing researches that are clearly related to this
thesis will be covered. In Chapter 4, the design of the model generating/deriving Amharic words
from tri-radical verbs will be presented and explained in detail. In Chapter 5, the implementation
and evaluation of the design in Chapter 4 will be presented with evaluation results. At the end, in
Chapter 6, conclusions points will be presented based on the evaluation results obtained with the
summary of the thesis. Future works with regard to the research area of this thesis will be

presented that can be researched or tackled in the future.



Chapter Two: Literature Review

2.1 Introduction

Ambharic is the second most spoken Semitic language. Amharic can also be identified as
Ethiopian Semitic (Ethio-Semitic), sometimes also categorized as African Semitic or branch of
South Semitic. From the other Ethiopian Semitic languages, Amharic possesses major Semitic
language features, namely inflectional and derivational morphology patterns. Amharic has SOV
(Subject-Object-Verb) word order [15].

2.2 Concepts and Terminologies
2.2.1 Amharic Orthography

Ambharic is written using a syllabic writing system different from other Semitic languages such
as Arabic, Hebrew, and Syriac. The script was initially prepared for the other very older
Ethiopian Semitic language Ge’ez and it is also used by other Ethiopian Semitic languages [16].
Ambharic used the writing system of the Ge’ez (Ethiopic). Amharic has 27 consonant phonemes
including the letter /v/ that is applied for words originated from foreign language. And also has 7

vowels [15].
2.2.2 Amharic Morphology

e Morphology is the study of the structure of words in a specific language.
e Morphemes are the minimal units of morphology, e.g., aA@<# Morphemes can be
identified as Free and Bound Morphemes.

o Free morphemes are morphemes that can stand on their own to give meaning.
Example, a@-from da-y7-is free morpheme since it has meaning by itself

o Bound morphemes are morphemes that cannot stand on their own as a word.
Example, 7 from da-z7-is bound morpheme because it has no meaning by itself
or cannot stand alone.

Morphemes can also be recognized as Roots, Affixes or Combining Forms.

o Root morphemes are morphemes (within a non-compound word) that make the
most precise and concrete contribution to the word’s meaning, and is either the
sole morpheme or else the only one that is not an affix. Example, 7 in £4A%,
£N7, 14077, etc.



o Affixes are bound morphemes that are either precede, follow or are inserted inside
the root or stem.
= Prefix: For example, P-in P@17is an affix that precedes the root @z
= Suffix: For example, -A7@- in £Zd7A7@-is an affix that follows the stem
£N7.
= Infix: For example, -4- in 744# is an affix that is inserted inside the root
TAL,
= Circumfix: For example, Aa..s7v-in An&A957v- is an affix that precedes
and follows the stem £4%
o By Combining Forms, morphemes can be formed from two bound or free-like
roots. For example, A71@N.€, ANALC, VL, A.PoPHIC, etc.
Stem is part of word that never changes even when morphologically inflected. For
example, @rizis the stem for the words @i zh:, @70, @37, @247
Root/Lemma is the citation form of a set of words. Amharic root form is usually a
sequence of three consonants known as radicals. For example, .41 is the root form for
EAT, 8N7, T4NT7, AdANT, A7, etC.
Part-of-Speech/Lexical Category/Word Class is a linguistic category of words that
explains how the word is used in a sentence. Although different languages may have
different classification schemes, like English, Amharic words are usually classified into
eight lexical categories: noun, pronoun, adjective, verb, adverb, preposition, conjunction
and interjection. Morphologically important parts-of-speech in Amharic include: nouns,
adjectives and verbs.
Morphological Analysis is the process of finding morphemes of a word. It is an important
component of Spelling Correction, Machine Translation, Information Retrieval, Text
Generation and other natural language systems.
Morphological Generation is the process of generating different words from a morpheme.
Lemmatization is the process of finding the root/lemma of a word.

Stemming is the process of finding the stems of a word.

Words can be generated from morphemes in two ways namely Derivational Morphology and

Inflectional Morphology. The main difference between inflectional and derivational morphology

is a functional difference: derivational (word-formation except compounding) is the kind of
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morphology that serves to create new lexemes, while inflectional serve to create different forms

of the same lexeme [20, 21].

2.2.3 Amharic Derivational Morphology

e Nouns: Amharic nouns can be derived from:

o Verbal Roots by infixing vowels between consonants (C)

Table 2.1: Example of Noun Derivation from Verbal roots

Verbal Roots | Pattern of Derivation Derived Noun
(Examples)

9o_A-01 CACC JPRAN [aPAN]

v-°-° CCAC UAIORI® [YavgP]

o Adjectives by suffixing bound morphemes

o Stems by prefixing or suffixing bound morphemes

o Stem-like Verbs by suffixing the bound morpheme -2~
o Nouns by suffixing bound morphemes

o Compound Words (sometimes by affixing the vowels A and &)

e Ambharic adjectives can be derived from:
o Verbal Roots by infixing vowels between consonants (C)
o Nouns by suffixing bound morphemes
o Stems by suffixing bound morphemes
o Compound Words of nouns and adjectives by affixing the vowel -&
e Ambharic verbal stems (from which various forms of verbs are formed) can be derived
from:
o Verbal Roots by affixing the vowel -A- to produce and also by repeating
penultimate consonants and affixing the vowels -A- and -4- to produce

o Verbal Stems by affixing morphemes
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o Compound Words of stems and verbs and also compound words of sub-word and

verbs.

2.2.4 Amharic Inflectional Morphology

Inflectional Morphology is a morphology that deals with the combination of a word with a
morpheme, usually resulting in a word of the same class as the original stem, and serving same

syntactic function. They do not change the part-of-speech category but the grammatical function.

Inflection can be achieved by marking a word category for person (first, second, third), gender
(feminine, neuter, masculine), number (singular, plural), case (subjective/nominative,
objective/accusative/dative, possessive/genitive), definiteness (definite, indefinite), degree
(positive, comparative, superlative), tense (past, present, future), aspect (perfective,
imperfective/continuous), politeness (impolite, polite), etc [20,21].

e Amharic nouns can be marked for:
o Number by affixation of morphemes (and vowel changes) or repetition of words
o Definiteness by affixation of morphemes or vowels based on number, gender,
and/or ending of the noun.
o Gender by affixation of the morpheme -A.t
o Objective case by affixation of the morpheme -7 (subjective case)
o Possessive case by affixation of morphemes or vowels based on person, number,
gender, and/or ending of the noun (personal pronouns by prefixing f-.
e Ambharic adjectives can be marked for:
o Number by affixation of morphemes or repetition of consonants (and affixing the
vowel -&)
o Definiteness by affixation of morphemes or vowels based on number, gender,
and/or ending of the adjective.
o Gender by affixation of the morpheme -A.t

o Case (Objective Case) by affixation of the morpheme -7
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e Ambharic verbs are marked for:
o Person, gender, number, case, and tense/aspect

o Mood (Completed Action, Command, Request, Negative)
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Chapter Three: Related Works

3.1 Design and Development of Automatic Morphological Synthesizer for Amharic

Perfective Verb Forms

In this study, Kibur Lisanu [17] tried to develop automatic morphological synthesizer prototype
for Amharic, focusing on perfective verb forms. The applied both rule-based and neural network

approaches to develop a prototype, referred as Amharic Morphological Synthesizer.

It applied the rule-based approach to generate all the root words. And it also applied the neural
network to forecast the type of roots from the test data set claimed an accuracy of 81.48%. In the
test process of the research, the test result showed different accuracy for each type of perfective
verb forms. For type A perfective verb forms - 80% of accuracy, for type B perfective verb

forms - 25% accuracy and type C perfective verb forms - 100% accuracy.

The method used is manually synthesizing words for the development of the prototype and to
perform the experiment. The result obtained using the small manually constructed root table will
encourage the undertaking of further research in the area, especially with the aim of developing a

full-fledged Amharic morphological synthesizer.

For the implementation of the prototype, there exists is database to capture templates, roots,
suffixes and phonological variations (palatalization, consonant change and vowel change), which
helps the synthesizer to generate different words from an input, are designed. For the neural

network part, training data sets and running facts were also availed.

The study concluded that the development of the prototype is adequate with the complex nature
of the language, limitation of large corpora in the language annotated with roots with their type.
And also performing manually the identification of the root type and derivation of large size of

data needs maximum labor, expense and time.

3.2 Learning Morphological Rules for Amharic Verbs Using Inductive Logic

Programming

Wondwossen and Michael [18], in this study applied a supervised machine learning approach to

perform morphological analysis of Amharic verbs. They used Inductive Logic Programming

13



(ILP) and CLOG as implementation tool. CLOG is a Prolog based Inductive Logic Programming
system that enables to learn first order decision lists (rules) based in of positive examples only.
In this, they prepared the training dataset manually to learn the morphological rules with regard
to the structure of the background predicates available for the process of learning. To present
different grammatical structures, the study limited to only subject prefixes and suffixes with high
complex nature of inflectional and derivational verb morphology of Amharic language. While
Ambharic has more prefixes and suffixes for various morphological features, our system is limited
to only subject markers. Combinations of subject and tense-aspect-mood were availed in the
training dataset for the training. The study concluded that this approach is not practical if all the
prefix and suffixes are going to be included in the learning process. And also, the study accepted

the inadequacy of CLOG in the case of using variables as part of body of learning predicates.

From the test case with 1,784 Amharic verbs, 108 stem and 19 root templates were extracted.
With the rules generated after combining the various rules generated, the program has been
tested using a test set containing 1,784 Ambharic verbs. An accuracy of 86.99% achieved from the
test results. They tried to demonstrate that with small number of sample datasets, ILP is an
adequate method for morphologically complex language like Amharic, to perform morphological

rules learning.

In parallel, the study covered learning the root-template extraction and stem-internal alternation

rule identification for Amharic.

3.3 Development of Amharic Morphological Analyzer Using Memory-Based

Learning

Mesfin and Yaregal [8], used Memory-based learning approach as enabler for the Morphological
analysis of Amharic language. Having in mind the complexity nature of Amharic morphology,
they applied a supervised data-driven experimental approach that can use for the development of
morphological analyzer of Amharic language. To track hidden or unseen classes from, they used
a memory-based supervised machine learning method with the memory that records examples.
The study showed a unique way in considering morphological analysis as a classification task
that can capture properties of morphologically inflected words and the grammatical functions.

The study applied thoroughly examining of the morphological structure of words and their
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specific representation in the memory-based learning by analyzing words inflected based on

vowel.

The performance evaluation of the model of the study is performed using 10-fold cross-
validation with IBL algorithm (i.e., the simplest instance-based learning algorithm) with
accuracy of 93.6% and IGtree algorithm (i.e., Information Gain tree, alternative approach where

instance memory recognized) with accuracy of 82.3%.

The study concluded that the performance or accuracy of the model depends on the size of the
training data; the more training data, the more accuracy.

3.4 Automatic Morphological Analyzer for Amharic: An Experiment Employing

Unsupervised Learning and Auto-segmental Analysis Approaches

Tesfaye Bayu [19], tried to study and demonstrate the way of automatically analyzing the
morphology of Amharic language by applying unsupervised learning and auto-segmental

analysis approaches.

The study applied the modified version of Harris’s Algorithm of Successor Frequency to identify
the morphemes (the study named them word break points). The study also applied extra
heuristics to advance the word breaks generated. The study took stem, suffixes and signature
(i.e., the relation or association of stem and suffixes). To approve the validity of a signature to be
part of the Amharic language morphology, the study used Minimum Description Length (MDL)
test as a standard.

The study also applied an approach that is based on the principle of auto-segmental. This
approach sound features of a word in different levels and used lines to maintain their
associations. This approach finally is an enabler for extraction and representation of stem

components.

Ambharic Stems Morphological Analyzer (ASMA) is the name of the prototype developed to test
the algorithms. The main processes of the study are tested by two systems namely
Linguistica2001 and ASMA. Linguistica2001 provide identified stems and ASMA took the
results from identified stems as input and perform further extraction and representation of stem

components.
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After implementing the above-mentioned systems and with the corpuses made by the researcher,
the first system (Linguistica2001) showed an accuracy of 87% while the other one (ASMA)
showed an accuracy 94%. It must be noted that both systems tested on number of words not
more than 500.

3.5 Hybrid Inflectional Stemmer and Rule-based Derivational Stemmer for Gujarati

Kartik et al [23], in their paper introduced two approaches the first approach is a hybrid approach
using a lightweight inflectional stemmer and the second approach is a rule-based approach using
a heavyweight derivational stemmer. In the case of the lightweight stemming, in order to handle
the stems and suffixes they applied unsupervised learning. To enhance the accuracy of the stems
and suffixes, they had a module stemming based on POS (Part of Speech) and another module
that manages the task changing letters. They reported that the modules they used helped in
enhancing the accuracy of the inflectional stemmer ends up attaining 90.7% accuracy. The rule-
based approach for derivational stemmer also achieved 70.7 accuracy. They revealed that
orthographic rules, substitution and suffix-stripping play a significant role in their achievement
of higher accuracy.

3.6 Chapter Summary

In the Sections 3.1, 3.2, 3.3 and 3.4, it is appeared that Amharic language is not yet completely
processed in the digital world. These papers showed just fraction of the big share and most of
them only tested their proposed ideas in a very small training data. Knowing the richness of
Ambharic language, we seen a gap in the previous researches, most of them never generated a
large data that can be used utilized for further study. Another gap is also none of these researches

come up a methodology to figure out the existing rules in deriving words from tri-radical verbs.
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Chapter Four: Methodology

In this chapter, the technical design of the proposed research work is explained. This chapter
presents how the proposed methodology works in two sections. The chapter begins by explaining
the general overview of the proposed methodology. The second section describes and shows how
each component of the proposed methodology function by explaining the functionality of each
component and the interaction among the components.

4.1 Overview

As introduced in section 1.3, the proposed thesis work collects types of data sources for its
general objectives. The first one is the list of Amharic tri-radical verbs that are root verbs with
C-C-C. And the second data source is large collection of unique Amharic words. These two data
sources are key parts of this thesis work since one is going to be the root verb which number of
derived words will be generated from. The other one is going to be used as source of rules in
deriving words and verifying the validity of the derived/generated words. In order to process

these data sources, they are stored in the Data Repository.

The tri-radical verb data source possesses more than 350 uniquely identified Amharic tri-radical
verbs and the reference data source contains more than 475,000 uniquely identified Amharic
words that are found from crawling the Internet. And also, this reference data indicates the
number of times the word is used online at the time of the crawling process is done. This thesis

work does not have contribution in preparation of these data sources rather than using them.

After capturing and storing these data sources, the proposed thesis work searches for the tri-
radical verbs from the Amharic words collection data source file. The searching process not-only
searches the tri-radical verbs by themselves but also searches with possible changes in the vowel
part of the tri-radical verbs. For example, let’s take the tri-radical verb root felege [f-e-l-e-g-€]
and also changing the vowels [f-e-l-e-g-u]. These two combinations can help us identifying more
rules and generating more words. With ‘f-e-l-e-g-e’, we can find words like felege, felegech,
asfelege ...etc. With ‘f-e-l-e-g-u” we can find words like felegu, felegut, asfelegut, mefelegu
...etc. After the completion of the searching process, the results found will be recorded in the
data repository for future reference. The results obtained will help us to extract the morphemes.

In other words, the result obtained shows their difference from the root verbs with prefix and
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suffix they have before and/or after the root verb respectively. And also shows the difference in
the vowel and consonant combination. By focusing on the differences between the root and the
results found, we can identify the morphemes from the results found. Those differences can help
us setup rules. Every rule identified will be checked whether the rule is new or not. If it is a new
rule, it will be added to the rules list. If the rule identified is already existed in the rules list, its
rating or frequency will be added by one. This shows the rule is used the number of times on

different tri-radical verbs as seen in its rating/frequency.

The lists of rules with their specific rating/frequency are recorded under Rules Repository. From
this level, it appears that there is list of rules found and recorded from the process of searching
tri-radical verbs and changing of vowels of these words. These rules are listed from all tri-radical
verbs. To generate valid words from the rules listed, all the rules will be applied to all tri-radical
verbs. These processes enable us to generate a rich Amharic word list. The validity of the
generated words can be examined with two parameters. The first parameter is checking whether
the rule applied is more frequent or not. Since the nature of tri-radical verbs is quite similar,
sharing commonly used rules is valid. The second parameter is checking whether the word
generated based the rules listed is found in the Amharic word list (reference file) or not. The
second parameter is not a precise way to evaluate the validity of the word generated but if found,
it is will be an indicator that the rule is authentic. If the generated words fulfill both parameters,
then it will be automatically valid. If the generated word fulfills only the first parameter, how
frequent is the rule used will be the question. Since we identify all the rules based on the
searching of the derivatives of tri-radical root verbs from the data source (reference file, i.e.
Ambharic Words List), it is impossible that a generated word can fulfill the second parameter but
not the first parameter. To advance the validation process of the rules identified and words
generated, the frequency of the words indicated in the data source (reference file, i.e., Amharic
Words List for the words will be another option. The more frequently the word, the more the

word is valid and the more the rule obtain from that specific word is valid.

In the case of identifying the validity of the rules extracted from the Amharic word list data
source with in accordance to the tri-radical verbs, memory-based learning approach is applied.

The final goal of this thesis work is to generate rich Amharic lexicon. In order to achieve this

goal, the above-mentioned tasks must be done. And to evaluate the validity of the words to be
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added to the lexicon, this proposed thesis work applied multiple evaluation processes as
discussed above. Since all things are done automatically after data sources are provided, with
unpredictable nature of Amharic language, it is necessary to entertain small amount of human
intervention to further evaluate the words generated in accordance to the rules identified whether

they are acceptable or not.
4.2 Components of the Proposed Work

In order to achieve the objectives of this proposed work, there exist 10 main and supportive

components.

=

Tri-radical verbs source
Reference Data Source
Source Data Repository
Word Finder

Morpheme Extractor
Rules Identifier/Generator
Rules Repository

Rules Rater

© 0o N o g bk~ w DN

Word Generator

10. Lexicon Repository

In addition to the aforementioned components, the proposed work used various number of built-
in and freely importable/reusable development tools used for the implementation of the

execution of the program to demonstrate how the proposed thesis work is functioning.
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Figure 4.1 Architecture of Amharic Word Generation from Tri-Radical Verbs
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4.2.1 Tri-radical Verbs Source

The proposed work performs the derivation of Amharic words from Amharic tri-radical verbs.
In this thesis work, a file containing list of tri-radical verbs is availed. The tri-radical verbs
inside the file are presented in root form (C-e-C-e-C-e¢) where ‘C’ denotes any consonant and
‘e’ denotes the specific vowel ‘e’. For instance, wesede (W-e-S-e-De), felege (F-e-L-e-G-e),

etc.

One Ambharic consonant can be combined at least with seven vowels. Every combination will

make a shape and phonological change on the letters.

Table 4.1 Amharic Scripts Consonant & Vowels Combination [22]

Amharic Vowels
Ambharic ale |u I A |& ) O |vd/ue |vi/ui |“a/ua |“€/ué | %o
Consonants | [9] [1], @ Vo] [vi/1]
Consonants X Vowels
0 1 2 3 4 5 6 7 8 9 10 11

h hi v (v | |7 | % v g

I n QA iy 0. A 0 [a (v 4,

h hi h | | | A | ¢h ch h,

m /m/ go | goe | @] | @] |y o i a,

$ Is/ U e A e B I | Vo v .

r Irl L |+ |6 | & | 6 C C b

S /sl 0 dk | |4 (8 0 d q,

$ /f/ a |& | |4 | & a d o

q /k’/ ¢ ¢ ¢ |F | ® ¢ ¢ ® i & ® ¢~
b /bl n (t (B q (8 (l n q,

v B/ n o || a | o a n q,

t It/ + + t | | F + + i

¢ | |F |# |# [ [ | F ¥ T

h /h/ 'R ERE 4 @ | i, ) & i
n In/ 1 T 7 q 3 7 S 5
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A w7 [+ [% [ % 5 % g

’ 12/ A | & |A |A | &b h A A

k Ikl n - | | h h h n e [ b, 0, [y
X Ih/ o R |[R | RO | R i i "Tie Tiw n, i3 T
w Iw/ o . € ¢ ® (00 P

‘ 12/ 0 0 | % |9 | % o e

z Izl H |H |H |H | B H H H,

Z I3/ £ O B S T I O 1 i "

y ljl P | & |f | e s

d /d/ L & 1A |4 g, £ & L.

g | /3y |E |5 |8 |® | ¢ 3 k2 (2

g g/ 1 LA Y A I R B 3 q 7 To " % a2 ™
t t/ m |[a |m |M | m T m a,

¢ "/ | em |6 | 6R. | % | 6BF P G 6h),

p Ip’/ A A 1A |4 | &% & 2 A

$ sl | & | & |& | & | & & 2 2.

$ /ts’/ i & | 4 9 % ] e

f Ifl b | % | & | & | & & [ 4

p Ip/ T | F | T T T a T

In the above table, we have assigned index number to the consonant X vowel combinations.
When the letters of all tri-radical verbs are in index-0, then the verb is considered as tri-radical
root verb. And we also figured out, when the letters of all tri-radical verbs are in index-5, then
the verb is considered as tri-radical stem verb. Based on the indexing we assigned, it also makes
the process of converting the root word into stem word and vice versa. And this converting

process works precisely as long as the verbs in the conversion process are tri-radical verbs.

The indexing task performed has significant impact finding derived words.
Randomly selected sample tri-radical words: 'aAa’, ‘aae?', "aad', 'aal’, 'af’r', ‘aoed’, 'aeem’, 'ade',
'ACH', 'QZT, 08 aPA’, AP, (aNg', fand', fann’, 'ard', 'aid), 'and', 'ant, 'a@d’, 'ager' 'alq’, 'nLL!,
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‘7L 'amar', 'ad.l’, 'adr', 'aéé.. And these words are tri-radical root verbs where all the letters in

each word are with index-0.
4.2.2 Reference Data Source

In order to identify derivatives of the tri-radical verbs words and also identifying for the rules
applied in parallel, the strategy we used is searching the tri-radical verbs and their related
derivatives from an existing data source comprising more than 475,000 unique Amharic words.
Since, we are looking for the derivatives of tri-radical words, we only use words with three or

more number of letters.

One of the significances of the file we are using as reference document is the file not only have
the list of Amharic words but also shows the frequency of each specific word and the string
length of the word. The file we are using as reference document is a file generated after

crawling Amharic words from the Internet.

Word Frequency| Str_Length
{17 80072 3
mc 69074 3
T1c 57927 3
AT 50442 3
Xepqe 47468 3
aPF 39746 3
AL 38077 3
me.go 34721 3
Ly 33239 3
N4 31865 3
P80 31392 3
G Fm- 29819 3
P 29030 3
AU 27678 4
(LUP% 27515 3
ATE, 27159 3
e 26643 3
nAg 26241 3
oo F G 24496 4
i e 24393 4
(G 24235 3

Figure 4.2 Screenshot showing how the Reference Document looked
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4.2.3 Source Data Repository

As illustrated in section 4.2.1 and 4.2.2, to simplify the process of generating Amharic words
from tri-radical verbs, this thesis work utilizes two files. The first file is the one containing list
of tri-radical verbs and the other one is a file comprising more than 475,000 unique Amharic
words. Both files are converted and are ready in CSV (Comma-Separated Values) file formats
since CSV files are platform independent and can be easily read or extracted and ease the task
of searching words. And these files are stored in the Source Data Repository for future

reference.
4.2.4 Word Finder

In order to find the derivatives of a specific tri-radical verb from the reference file in the source

data repository, we applied the following approaches:

e Without changing the index of the letters for the tri-radical root verb, then searching the
words from the reference file with the criteria:
o Words that contain the tri-radical word

Example: Tri-radical root verb: a1

PATDY aAdA1 22N AteA1D- PLATT 2.0
hténn LitdAT ngA10+ DL T4.N1D ta.n19e andn1o-
12010 Ladant AT1LAT1D- PLNTT @ 22N nteA1G
221D AL A0 LhLA107 207, 204.0 10 284015
4.0 0401 a0k NANLAT NAOLAT hahdAt
PTLENT1D7 hAgAa9° LTAVHY] 24.010L.77 R ETAVAY] £912.4.010-
nd.A1 DENTENT heTd.A1 htdAt hd.a19° RI2LNTT0-
ANd.AT A1 DLI4N1D- L04.N10-9° A0LATT nNALATY
201 PR LhdN1D- nag.A10- PLN1D7G ANZATY
2oL A0 AHR0LAT LA0dN1 AANLATIIP oLLA0F WIRLATY
ANLATPP AATLAT heATF ATR0LNTD- £90.4.070L. 77 NANLATT
RIL401 +eAn ete.A1 LAm- OAtdAT POLATY
neao- hq.n10- ANTLAT9P angart 09.004.010-7 L0LNTT
fhé.N1m- hNTE.AT NAt+EA1 P4.010% 4N 1D-9° h18T4.010-
PteA1D- AALAT Ot+eA1 +e.010- neArfo- 0AOZAT9°
P+LN1DY WIteAT AILLNTT OLLAID" Ot+ea10t heA1s
had.At AANZATD-9P AT (TP 4015 nitaant
0tearw- NTTFOY PALNTIDT hhg.a1o- RTAVAVES 7840101
WILLN10- ANLATTI® AL tEN1D- ha.aro- L04.0T? 297.4.01D-9°
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ANEAT
AAOZAI9P°
OLANTLAT
ANAT?
ANLATY
PIPL A0
P2.019°
PLATY
AAOZATTIP
0ANA1D-
AN
hhdaw
A1
hPOLN1D-
201D+
WIRLATY
aAnA 1D
PI10LNTDT
RHENLNIS
etLATTF
RHRNLATY
AALATIP
LacATI°

PLNTTY
AP802AT9°
OLTNRLNID-
AT
ANLATD-GP
PtL.A10L
hAOgAT
2A19°
0ANLAID-9°
ANLAT9S
POLATTO-
LAY

G PRV OS
AILLAT
fadnat
nAdA?
2201090
W1LLNTP°
hdAT?
Patentm-
LLATFOTF
AL04AT
APEATLAT

PIOVLATD-
ANLATY
PANLN 1D+
AOTLAINTFO-
2LN1DFI°
LNVFTF@-
PLN1DG
Larto-
714070
ng.arto-
angATTFo-
AP4.01
A0
el
nT9LA010G
nagATTFO-
ang.at
ANLAT
aa+ea10t
NALATS
4A0AGPY
4070497
gAY

AOhZATY
hANL.AT
he.ATy
nAdLA1D-
PATLNID
£9°4.N10.Y
hdgAa10-
hé.a1
hazATTY
aALN1D-
N1 70
PLATT@-9°
hhg.a1@-9°
AT8ALNT1D-
hAandA10tT
297401
APV
AT1L401DG
hLLNT°
PALNINT Y
hAd.a19°
ANLN1PT
OANTEAT

£hé.n1a.
APLN1D-
Adhdn1o-
ANdATAL
aA+d.A19°
ANANLATY
nhd.A7
ntenrm-
aqhrtéaro-
24.01D9°
AANLATY
NAALATA
40 1D-9°
ALOL.N1D-9°
faten1nt
hAdA10G
ahhAd.AT
LANLNIDT
L0401
L4100
£04.010-0
L0LN10F@-9°
(L&A

o402N10F
AANLATTG
ATLAIDG
AddATh-g®
no.eng.n1m-
A2L718L.N10-
oL+
AANLATY
AT14N01D-
PALNT10L
204010 Fo-
A0LAG
PhéA
ATANEN10.G
A2NTPATY
AT4.A19°
PIILNTT
AT
02.A70A9°
NAZAT
hd.a10.
eLATY

e By changing the index of the letters of the tri-radical root (combining the consonant

letters of the tri-radical words with possible vowels). Let’s name these words Index

Changed Words. Then searching the words from the reference file with the criteria:

o Words that contain the Index Changed Words

Example: With the Index Changed Word: .41 > 444

and (9]
4.0
AdPEN
né.A1?
avd.\1
ha.acw
havd.Al
400
Pavd.A1
4.0 MU~T
744
P4.0T1D
AL4.N1T°
hé.Ath

LéA

avg NG
Le.0T10-
ANTPEAT
ADLATU-T°
né.nno-
AddA T
U140
PATPELN
L&A

Pd.a 1t
&NT7
NATPE.N1
299409107

hR4.0TY
AN~
PRI
L4407
W1LANTY
h787L4.0
nhé.Atu-
AdPL NG
he.aeri
o400
ee.NTT7
LLNNT7
.01 @D
OALAT?

25

haaogA9l
N Tho-
LLNTRD T
29940 NNTF @7
712090+
W1LeNT-
W1L4.0°1V
W1L4NT1OD-
AALATTIP
40T
a4.4.0

avg N7
409
AT7.4.0

299401077
L0 Tha-
92201
h9.4.0°
avg ATV
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These are some of the Index Changed Words from the tri-radical verb ‘¢a7. We will search the

possible derived words from the Reference file based on these Index Changed Words
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It is vital to understand that there may exist invalid words from the words found based on the tri-

radical root verb and Index Changed Words.



Algorithm 4.1: Algorithm to Generate Indexed Changed Words

Input: Tri-Radical Root Verb, Fidels|[]
// Tri-Radical Verb: one Tri-radical root verb
// Fidels[]: Indexed Array representing Every Amharic letter
Task: Generate Indexed Changed Words
Start
Declare string variable rootVerb
rootVerb €& Tri-radical verbs
Declare integer variable rowLetterl with initial value O
Declare integer variable rowLetter2 with initial value O
Declare integer variable rowLetter3 with initial value O
for each lettersRow in Fidels do
for each letter in letterRow do
if first letter of rootVerb is same as letter then
rowLetterl € Row Number of the Letter in Fidels
if second letter of rootVerb is same as letter then
rowLetter2 € Row Number of the Letter in Fidels
if third letter of rootVerb is same as letter then
rowLetter3 € Row Number of the Letter in Fidels
end for
end for
Declare integer variable i with initial wvalue O
Declare integer variable j with initial wvalue 0
Declare integer variable k with initial wvalue O
Declare string variable indexedWord

Declare string array indexedWords

for each i in the 1list 0,3,5 do
for €0 to 12 do
for k€0 to 12 do
if Not fidels[rowLetterl][i] is empty or
fidels[rowletter2][j] is empty or

fidels[rowLetter3] [k] is empty then
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indexedWord€ fidels|[rowLetterl][i] +
fidels[rowLetter2] [j] + fidels[rowLetter3] [k]

indexedWords[] € Append [indexedWord, i, Jj, k]
end for
end for
end for
Return indexWords/[]

End

Algorithm 4.2: Algorithm to Word Finder

Input: indexedWords|[], rootVerb, Reference File

// indexedWords: words generated from Tri-radical root verb by changing
index of each letter

// rootVerb: tri-radical root verb
Task: Find Related/Derivative Words
Start
Declare string array foundWords[][]
for each indexedWord in indexedWords do
Open Reference File
for each row in Reference File do
if word in row is contains the indexed word then
foundWords[][] € Append word in row, indexedWord
Perform Morpheme Extraction (Algorithm 4.3)
end for
close Reference File
end for
return foundWords]|]

End

4.2.5 Morphemes Extractor

In order to identify the rules applied in derivation of words from the tri-radical root verbs, it is
vital to understand the structure change made from the tri-radical root verbs.
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For example,

If the tri-radical root verb is ‘¢.a7 and the found word is ‘and.a>Fao->. From this we can

understand that

e ‘2A7 is index changed to ‘442’ in other words from index 0-0-0 to index 0-0-3.
e ‘an’ is prefix that is added to the left of the root/index changed word.

e “fo- is suffix that is added to the right of the root/index changed word.

Therefore, the morphemes are ‘at’, ‘¢.02°, “Fa-’. Identifying the morphemes and their difference
with the tri-radical root verb enables the Rules Identifier and Rules Generator perform their

specific task.

Algorithm 4.3: Algorithm for Morphemes Extractor

Input: foundWords[], indexedWords[], rootVerb

// foundWords: words found from Reference File containing the tri-
radical root verb

// rootVerb: tri-radical root verb

// indexedWords: words generated by changing the index of each letter
of the tri-radical root verb

Task: Extract Morphemes

Start
Declare string array morphemedWords|[] []
Declare string variable prefix
Declare string variable suffix
Declare string variable rootSub
Declare integer variable indexLetterl
Declare integer variable indexLetter?2

Declare integer variable indexLetter3

for each word in foundWords[][] do
prefix € letters before the indexedWord in foundWord
suffix € letters after the indexedWord in foundWord

rootSub € indexWord
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indexLetterl € index of Letterl in indexedWord
indexlLetter?2 € index of Letter2 in indexedWord
indexlLetter3 € index of Letter3 in indexedWord

morphemedWords[] [] € [rootVerb, rootSub, prefix, suffix, indexLetterl,
indexLetter2, indexLetter3]

end for
return morphemedWords[] []

End

4.2 .6 Rules Identifier/Generator

After the completion of morpheme extraction, identifying the rule from the extracted
morphemes is mandatory. The morpheme extraction process generates morphemes possessing
tri-radical root verb, the index changed word (if changed), prefix (if any), suffix (if any), index
of changed word letter 1, index of changed word letter 2, index of changed word letter 3. The
rules identifier, then captures the output of morpheme extractor, and creates a rule pattern and

records the rule pattern in the rules repository if the rules is not found in the repository.
Example:
Tri-radical Root Verb: ¢a7 Index 0-0-0
Index Changed Word: za< Index 0-5-5
Related/Derivative Word found from the Reference File: ¢iteaa0toy
After Morpheme Extraction:
Prefix: egoit-
Suffix: -aFo-y
Rule Pattern: ¢ 0-5-5-90F0-7

After rule pattern is settled, it will be checked whether it existed in the rule’s repository. If the
rule is not found in the rule’s repository, it will be recorded to the rule’s repository with
frequency value of 1. If the rule already existed in the rule’s repository, it will add the frequency

value of the rule in the rule’s repository by 1.
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Algorithm 4.4: Algorithm for Rules Identifier

Input: morphemedWords|[] []

// morphemedWords: is output of Morpheme Extractor Process and
possesses rootVerb, rootSub, prefix, suffix, indexLetterl, indexLetter2,
indexLetter3

Task: Rule Pattern Identifier
Start
Declare string variable ruleFound
for each morphemedWord in morphemedWords do

ruleFound < append [prefix, indexLetterl, indexLetter2,
indexLetter3, suffix ]

Open Rules Repository File
new <- 1
for each rule in rules list do
if rule is same as ruleFound then
rule’s frequency € rule’s frequency + 1
new € 0
end for
end for
if new is equals to 1 then,
rules list € append ruleFound
save
close file
end for

End

4.2.7 Rules Repository

In this thesis work, we have a repository named Rules Repository. This repository possesses a
tabular data representing the rule pattern of Amharic tri-radical verb derivatives. The tabular

data combines the following data to setup, rate, and verify the rule pattern.

e Prefix: extracted letters found before the rootVerb/indexChangedWord within the found
possible derivative.

e Index of Letter 1: Index of the letter 1 according to the rootVerb.

e Index of Letter 2: Index of the letter 2 according to the rootVerb.
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e Index of Letter 3: Index of the letter 3 according to the rootVerb.

e Suffix: extracted letters found after the rootVerb/indexChangedWord within the found
possible derivative.

e Frequency: The number of times a specific rule is used by the words found in the
reference file.

e Status: After general rules’ rating is done, the status can be Y/N (Yes/No) based on the

rating it obtains.

Table 4.2: Examples of Rules Repository

prefix | indexLetterl | indexLetter2 | indexLetter3 | suffix | Frequency | status
W18t 0 0 0 55 Y
'y 0 0 3 Fu- 16 Y
a2 0 5 1 + 25 Y
A 0 5 5 't 14 Y
K9, 0 5 5 0% 11 Y

4.2.8 Rules Rater

To generate a lexicon possessing accurate words, the rules applied to derive words from the tri-
radical verbs must be valid. There comes a need to validate or prove the accuracy of the rules.
In this thesis work, to verify the accuracy of the rules used to generate word derivatives from
tri-radical verbs, rating based on the frequency of the rules used from the words found in the
resource file is applied. The more frequently used rules can automatically be approved to be
applied for derivation of words from possible tri-radical root verbs. Since the nature of all tri-
radical verbs is similar, a rule applied for number of tri-radical verbs can be applied to all tri-

radical verbs.

It is difficult to automatically decide whether the rules rated low are incorrect or not. As long as
the Amharic words in the reference source file are error free, the rules generated after finding
words related to the tri-radical root verbs will have none or minimum number of errors while

generating derivatives.
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Algorithm 4.5: Algorithm for Rules Rater

Input: rules list[][]

// rules list: is list of rules to generate Amharic words from tri-

radical verbs
Task: Rating Rule based on the number of types the rule is applied
Start
Declare string array prefixes[][]
Declare integer array index1[][]
Declare integer array index2[][]
Declare integer array index3[][]
Declare string array suffixes[][]
Declare integer variable flag
for each rule in rules list do:
// frequency of prefix
flag €0
for each prefix in prefixes do:
if rules[0] is same as prefix then:
prefix|[frequency] € prefix[frequency] + 1
flag € 1
end for
end for
if flag is equals to 0 then:

prefixes € Append rule[0],1

// frequency of index of letter 1
flag €0
for each index in indexl do:
if rules[l] is same as index then:
indexl [frequency] € indexl[frequency] + 1
flag € 1
end for
end for
if flag is equals to 0 then:

indexl € Append rule[l],1
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// frequency of index of letter 2
flag €0
for each index in index2 do:
if rules[2] is same as index then:
index2 [frequency] € index2[frequency] + 1
flag € 1
end for
end for
if flag is equals to 0 then:
index2 € Append rule[2],1
// frequency of index of letter 3
flag €0
for each index in index3 do:
if rules[3] is same as index then:
index3[frequency] € index3[frequency] + 1
flag € 1
end for
end for
if flag is equals to 0 then:

index3 € Append rule[3],1

// frequency of index of suffix

flag €0

for each suffix in suffixes do:

if rules[4] is same as suffix then:

suffix[frequency] € suffix[frequency] + 1
flag € 1
end for

end for

if flag is equals to 0 then:

suffixes € Append rule[4],1

for each rule in rules list do:
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if frequency (rule[0])>10 and frequency(rule[1])>10 and

frequency (rule[2])>10 and frequency(rule[3])>10 and frequency(rule[4])>10

then:

rule[5] €& “Yy”
else

rule[5] € “N”

end for

End

4.2.9 Word Generator

In order to generate words based on the rules captured from the reference file that are proper

derivatives of the tri-radical verbs, the rules that are highly rated or valid will be applied to all

valid tri-radical root verbs. A specific rule contains 5 attributes that can make inflectional and

derivational changes to the tri-radical root verbs.

Prefix: if and only if the rule is valid and rated highly, prefix will be added or
concatenated to the left of the tri-radical verb. The value in the prefix attribute can be null
or verified prefix morpheme.

Index of Letter 1: tri-radical verbs only have 3 letters that are consonants. If and only if
the rule is valid and rated highly, the index specified in the Index of Letter 1 attribute will
be applied to the first letter of the tri-radical verb. The index may or may not have a
change on the letter.

Index of Letter 2: tri-radical verbs only have 3 letters that are consonants. If and only if
the rule is valid and rated highly, the index specified in the Index of Letter 2 attribute will
be applied to the second letter of the tri-radical verb. The index may or may not have a
change on the letter.

Index of Letter 3: tri-radical verbs only have 3 letters that are consonants. If and only if
the rule is valid and rated highly, the index specified in the Index of Letter 3 attribute will
be applied to the third letter of the tri-radical verb. The index may or may not have a

change on the letter.
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e Suffix: if and only if the rule is valid and rated highly, suffix will be added or
concatenated to the right of the tri-radical verb. The value in the suffix attribute can be

null or verified suffix morpheme.

One of the decisive attributes a rule that is mentioned above is status, the status has two possible
values. At the time of generating words based on the rules, only rules with status “Y” will be

applied. Those rules with status “N” will not applied, until status changed to “Y”.

The process of generating words by applying the verified rules to the tri-radical verbs is a time

taking process since having large number rules and tri-radical verbs.

Table 4.3: Examples of Word Generation

Rules Sample
Index Index Index i-radi
Prefix Suffix | Status Tri-radical Result
Letter 1 | Letter2 | Letter 3 verb
W18t 0 0 0 Y 401 W18 4.1
X4 0 0 3 Fu- Y ane APONSTu-
%23 0 5 1 + Y Lav/, h79.29%F
W 0 5 5 ok Y Aavy AATI0F
W78, 0 5 5 N7 Y hne A78.00eN7
Algorithm 4.6: Algorithm for Word Generator
Input: rules list[][], tri radical verbs[] as trvs

// rules list: is 1list of rules to generate Amharic words from tri-
radical verbs

// trv: is list of Amharic tri-radical root verbs
Task: Generate words combining rules X root verbs
Start
Declare string array Words List[][]
for each verb in trvs do:
for each rule in rules list do:

if rule([status] is same as “Y” then:
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Words List € append rule, verb, concatenation of (

rule[prefix], letterIndexChangeto (Letterl of verb into Index of
letterIndexl), letterIndexChangeto (Letter?2 of verb into Index of
letterIndex?2), letterIndexChangeto (Letter3 of verb into Index of
letterIndex3), rule[suffix])
end for
end for

return Words List[]]]

End

4.2.10 Lexicon Repository

The main objective of this thesis work is to generate lexicon containing vast number of Amharic
words generated from tri-radical verbs. After generation Amharic words by applying acceptable
rules to the tri-radical verbs, the words generated with their source form (i.e., root form) and the

rules applied will records as lexicon in the Lexicon Repository.
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Chapter Five: Experiments and Evaluations

In this chapter, how the designed model can be implemented and the results obtained from
running the demonstration code will be evaluated. The results obtained can determine the
strength and weakness of the proposed/demonstrated solution for generating Amharic words
from tri-radical verbs. To verify whether the objectives of this thesis works is met or not,
different experiments are conducted. To effectively evaluate the results obtained, the
experiments are divided into three parts. The first part of the experiment focuses on evaluating
the effectiveness of the indexing process done to manipulate the vowels of the root verbs so that
new words related to the root verbs can easily be found from the reference source file. The
second part of the experiment focuses on evaluating the efficiency of the process of morpheme
extraction and rule extraction so that rules extracted from the found related words of the tri-
radical verbs are good enough to be applied. The third part of the experiment is to test the
effectiveness of the rating process applied to verify the rules found. And this last experiment also
bases its evaluation on the words generated by the rules approved by the rating process.

5.1 Overview

In the implementation and demonstration of the proposed work — this thesis work begins its task
by availing mandatory source datasets that are vital to the processes ahead. These sources
datasets are reference file containing list of thousands of unique Amharic words, list of Amharic
tri-radical verbs, and indexed Amharic letters list. After generating index changed words from
the root verbs then those index-changed words will be searched in the reference file with a
condition of containing the word in any form. If found, it will be captured and morphemes will
be extracted. From the morphemes and the changed-index, rules applied will be identified. The
rules identified will be rated in order to validate. the rules found. The rating processes decide

whether the specific rule identified is good enough to be applied to tri-radical verbs.
5.2 Development Environment

In order to test and demonstrate the main functionalities of the proposed thesis work, various
tools are used. List of programming languages, coding editors, libraries, dataset related tools,

Operating System and others are presented below.
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= Python

Python! is a very powerful high-level programming language that is considered as easy to
learn. Its high-level data structures are effective, simple and also are highly recommended for
object-oriented programming. As a high-level programming language Python has Python
interpreter with extensive standard library. Python has also a large development community
contributing in the development of more capabilities to its functional and non-functional

abilities. of is a that is processed by a python interpreter to produce results.

In this thesis work, Python is selected as the best development tool because:

e It minimizes the development time as compared to other programming languages
such as C++, Java and C#.

e |t possesses large number of standard and user-defined/open-to-use libraries and
packages.

e Itis highly recommended by experts in machine learning and artificial intelligence.

e |t can work in any platform.

e Previous works related to this thesis work are developed by Python.

e It makes things easier to process Unicode texts like Amharic.

The python version used in development demonstration for this thesis work is Python 3.9

stable version.

= PyCharm

In this thesis work, we used PyCharm? as our Python code editor. It is an integrated
development environment (IDE), primarily dedicated to Python programming. It provided
various functionalities such as boosting code qualities, supporting code analysis, enabling
integration with version control systems, possessing a graphical debugger and an integrated
unit tester, and supporting advance front-end and back-end developments like web

development, and also supporting data science.

PyCharm works on all operating systems such as Windows, macOS and Linux versions. Its
community edition is free to use. And its professional edition need fee for proprietary license

and it possesses extra features not available on the community edition.

L https://www.python.org
2 https://www.jetbrains.com/pycharm
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In this thesis work, the community edition is used since it adequate for the features

demanded.

= CSV Library

To make the file processing easier, CSV (Comma Separated Values) format is used since it is
platform-independent and relatively small in file size and that makes the process of reading,
writing and manipulating faster. Source files that are mandatory to this thesis work are
converted to CSV format. And also results from different components of the proposed work
are generated in CSV. Python’s CSV library® is used to read, write and manipulate the CSV

files processed in this thesis work.

=  Windows
In order to demonstrate how this thesis work, the program developed is running on Windows
operating system knowing the fact that it is one of the most commonly used Operating

System in the world. Windows 10 is the version used.

5.3 Data collection

For this thesis, we used two datasets to test the validity of the designed model. The first one is a

data having a list of tri-radical verbs. And the other one is a dataset containing list of Amharic

words crawled from the Internet. And this dataset not only contains the list of Amharic words but

also the number of frequencies the words is used.

The first dataset containing the Amharic tri-radical verbs is organized in one column table data

of CSV file to easily access the data. And the second dataset is also organized in CSV file but

has three columns namely the word, word length and frequency.

5.4 Configuration of the Proposed Work

To obtain a better or accurate result in derivation of Amharic words from tri-radical verbs, the

following must be fulfilled.

= List of Amharic tri-radical verbs are needed.
o ltisrecorded in CSV file.
= List of Amharic Words used for reference

3 https://docs.python.org/3/library/csv.html
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o Itisrecorded in CSV file.
= Python setup is needed.
= |DE for Python setup is needed.

5.5 Implementation Details

In the previous section, Section 5.4, the mandatory tools and data components setup is described.

In this thesis work, the implementation detail of the components is presented below in Table 5.1.

Table 5.1 Implementation detail of the components

Component Name Implementation Detalil
Tri-radical Verbs Source = Avails list of Amharic tri-radical verbs
Reference Data Source e Auvails list of Amharic Words to be used for reference

. e Stores both Tri-radical verbs and Reference Data
Source Data Repository

source files
Lexicon Repository e Stores newly generated Amharic lexicon
Rules Repository e Stores list of rules identified

e Select Word from the tri-radical verbs

e Change the index of each letter of the tri-radical
Index Changer

e Generate list of index-changed words

e Save the index-changed words

e Open the Reference Data Source file
e Pick word from the index-changed words
e Search the word from the Reference Data Source file

with the parameter “contains word”

Word Finder
e If found, pass the word from the Reference Data
Source file to the Morpheme Extractor
e Save the word found.
e lterate until done for all words.
Morpheme Extractor e Accept word found from Reference Data Source File
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Component Name

Implementation Detalil

and Index Changed Word

Extracts the prefix, the root, the suffix from the Word
Found as compared to the Index Changed Word.
Segregate the root, prefix, suffix, index-changed word
and Transfer to Rules Identifier

Save segregated elements of a word (root, prefix,

suffix, index-changed

Rules Identifier/
Generator

Accept segregated elements of a word (root, prefix,
suffix, index-changed)

Check the pattern of the word with rules from the
Rules Repository

If found, add the frequency value of the rule by one.

If not found, add the segregated elements of a word
(root, prefix, suffix, index-changed) to the rules
repository and assign the frequency value of the rule to
one.

Save the changed in the Rules Repository.

Rules Rater

Open the Rules Repository.

Check the frequency of each Rule

Increment the frequency value of the rule by one each
time the rule found being used in a word

Save Changed on the Rules Repository

Word Generator

Open the Rules Repository

Open the Tri-radical verbs source file

Select the highly rated rules from the repository

Apply the rules selected to each of the tri-radical verbs
Save the newly generated words on the lexicon

Repository
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5.6 Evaluation Metrics

In this thesis, to evaluate the results obtained from the model developed, the results obtained are

verified manually by humans.
Accuracy

In the case of this thesis, accuracy measures the ratio of correctly identified rules to the whole

number of rules identified.

Accuracy is the most spontaneous one. Accuracy answers the question that how many rules are

correctly labeled out of the general number of rules identified.
Accuracy = (TP + TN) /(TP + FP + FN + TN)
Numerator: all correctly identified rules (All trues)
Denominator: all rules identified

Precision

Precision is the ratio of the correctly identified rules by the model developed to all identified as

correct ones whether they are correct or not.

Precision answers the question that how many of those who selected as correct rules are actually
the right rules.

Precision = TP/(TP + FP)
Numerator: All correctly selected rules.

Denominator: All identified rules as correct ones whether they are correct or not in

reality.
Recall (Sensitivity)

Recall is the ratio of the correctly identified rules by the model developed to all rules that are

correct in reality.

Recall answers the question that from all correct rules, how many of those the model developed

correctly predicts.

Recall= TP/(TP + FN)
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Numerator: All correctly selected rules.
Denominator: All rules found
5.7 Experimental Setup

The testing of the designed model for morphological derivation of Amharic words from tri-

radical verbs is done in a personal computer with the capacity shown below.

Table 5.2 Specifications of the personal computer used for testing.

Manufacturer Lenovo
Installed Physical 8GB
Memory

Intel® Core™ i7-4510U CPU @ 2.00GHz,
Processor .

2601Mhz, 2 Core(s), 4 Logical Processor(s)
Operating System Windows 10 Pro

5.8 Baseline Experimental

Since there is no specific research made on generating words from tri-radical but the closest
research that has morpheme extraction functionality is the one by (Mesfin and Yaregal, 2014).
They divided their data into training and testing. Their corpus comprises 1022 words, from those
words 181 of them are nouns/adjectives and the remaining 841 are verbs. The model they
developed extracted 1356 instances from the 181 nouns/adjectives. And from the 841 words,
6719 instances are extracted.

5.9 Experimental Scenarios
To measure the efficiency of this study, the following scenarios are tested.

e Scenario 1: To check the accuracy of the Index Changer component. The Index Changer
component changes the index of the tri-radical root verbs into possible combination of
letters. The Index Changer changes the first letter of the tri-radical verb into three forms
(0, 3, 5). For example, ‘4.’ can be changed into only ‘4., ‘4’, and ‘&’. The decision made
to only use the three letter forms, is after changing all forms and found out the letter from
except the three mentioned above (for the remaining 4 indexes) does have a meaning at
all. And the remaining two letters of the tri-radical verb can be index changed into all

letter forms.
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Cartesian product of possible letter combination: 7 x 7 x 7 = 343 possible index-changing
for one tri-radical word. With the issue mentioned above, the first letter for 3 possible
letter forms: 3 x 7 x 7 = 147 possible index changed letters combination will be
considered for the upcoming processes of the design model. The perfect accuracy of the
Index changer component can only be identified when it is combined with or without

prefix and/or suffix.

Scenario 2: To check the accuracy of Word Finder component. When searching words
from the reference data source (Amharic Word List), the words that are less than 3 in
length will be discarded to minimize the effort of searching process. The searching
process applies “contains” method, i.e., words containing the index changed words either
in left, right, or middle of the word will be considered for the upcoming processes.

The accuracy of the result of the Word Finder Component will be evaluated when the
Morpheme Extractor figures out which part of the word found is prefix, root, or suffix.

And which prefixes or suffixes are wrong or correct.

Scenario 3: To check the accuracy of the Morpheme Extractor component. When the
Word Finder component identifies the words based on the index-changed words, the
letter(s) before the index-changed word will be considered as prefix; whereas the letter(s)
after the index-changed word will be considered as suffix. In this component, the
correctness of the prefixes and the suffixes will be evaluated. If one of the morphemes in

a word is wrong, the rule extracted from the word is also wrong.

Scenario 4: To verify the accuracy of the Rules Identifier/Generator. From the above
scenarios mentioned, rules in generating Amharic words from tri-radical verbs can be
identified in different ways. Changing the index of the words, adding prefixes and/or

suffixes.
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5.10 Results

According to the experimental scenarios mentioned in Section 5.9, the following results are
obtained.

Scenario 1: Evaluating the accuracy of the Index Changer. One of the many approaches in
Ambharic language to derive words from tri-radical verbs is changing the order (in our case
index). In this thesis work, index changing performed to identify the possible derivative of the
tri-radical verbs.

e The first letter of the tri-radical can be 1% order (index-0), 4™ order (index-3) or 6" order
(index-5). This is taken to consideration in the source code of the demo program created
this minimizes the task of identifying wrong rules. And this also protects the machine
from processing unnecessary data.

e The second and third letters of the tri-radical verbs were given full index (0-7) for index
changing and those results in wrongly index words especially in the second letter of the
tri-radical verb. And from the results obtained the following are noticed:

o All the rules generated by index changing the second letter of the tri-radical verbs
into second order (index-1), third order(index-2), fifth order (index-4), and seven
order (index-6) are totally unacceptable since there is no such word in Amharic
that has such rule.

= Number of rules generated by wrongly consider the second letter of the tri-
radical verbs: 11,390 rules from the total 85,115 rules (>=13%).

o All the rules generated by index changing with the second letter of the tri-radical
verbs into first order (index-0), fourth order(index-3), and six order (index-5) are
acceptable and must be good enough to combine with other parts of the word and
finally make a meaningful word.

o Furthermore, it can be concluded that 3x7x7 approach of index changed words
instances generation is not going to be the perfect approach. The approach should
be 3x3x7 approach that can reduce the time spent to process and the number

wrongly identified rules.
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Scenario 2: The second scenario to consider is figuring out the accuracy of the program prepared
for demonstration purpose in the case of finding the exact match of the index changed words

from the reference data source.

e From the sample data for this thesis, the word-finder component searches the entire word
instance it obtained from the Index Changer module without analyzing all the meaning,
structure of the word, or POS it is in. For that specific reason, the accuracy of the word-
finder will be considered perfect. The main issue is the performance of the designed

model that can be resolved partially by selecting or applying the best algorithm.

Scenario 3: The third and vital scenario is evaluating the accuracy of the morphemes extracted.
The morphemes extracted after finding the index changed words in any part of word listed in the

reference document. In morpheme extraction, identifying the prefix, the stem/root and suffix/
e In the case of prefixes:

10920 unique prefixes were extracted and from these unique prefixes, the following
results are also identified.

e Out of the 10920 unique prefixes, 10656 of them are labeled wrong prefixes
automatically. And from these 10656 prefixes 63 of them are wrong labeled but
truly are correct prefixes. The remaining 10593 prefixes from the 10656 are
totally wrong prefixes.

e Out of the 10920 unique prefixes, 264 of them are labeled correct prefixes
automatically. And from these 264 prefixes 40 of them are correctly labeled but
truly are wrong prefixes. The remaining 224 prefixes from the 264 are totally

correct prefixes.

Accuracy = (TP + TN) /(TP + FP + FN + TN)
= (224 + 10593) /(224 + 40 + 63 + 10593)
= 0.99

Precision = TP/ (TP + FP)
=224/(224 + 40)
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=0.84
Recall = TP/(TP + FN)
= 224/(224 + 63)
=0.78

e |n the case of suffixes:

14802 unique suffixes were extracted and from these unique suffixes, the following

results are also identified.

e Qut of the 14802 unique suffixes, 14114 of them are labeled wrong suffixes
automatically. And from these 14114 suffixes 110 of them are wrong labeled but
truly are correct suffixes. The remaining 14004 prefixes out of the 14114 suffixes
are totally wrong suffixes.

e Out of the 14802 unique suffixes, 687 of them are labeled correct suffixes
automatically. And from these 687 suffixes 77 of them are correct labeled but
truly are wrong suffixes. The remaining 610 suffixes from the 687 are totally

correct suffixes.
Accuracy = (TP + TN) /(TP + FP + FN + TN)
= (610 + 14004) /(610 4+ 77 + 110 + 14004)
=0.99
Precision = TP/(TP + FP)

= 610/(610 + 77) =0.88

Recall= TP/(TP + FN) = 610/(610 + 110) =0.85

Scenario 4: The fourth and main scenario is evaluating the results obtained in the process of
identifying and generation of rules. All of the above scenarios have direct impact on the results

of rules identified and/or generated.

Generally, 85,115 rules are identified.
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Out of the 85,115 rules in 55,339 rules, the prefixes are well placed. In another words the
prefixes are correct by themselves without considering the status of the remaining
morphemes (parts of word). But in the remaining 29,776 rules, the prefixes are wrong by
themselves and make the rules also incorrect.

Out of the 85,115 rules in 52,714 rules, the suffixes are well placed. In another words the
suffixes are correct by themselves without considering the status of the remaining
morphemes (parts of word). But in the remaining 32,401 rules, the suffixes are wrong by
themselves and make the rules also incorrect.

The index changer component also makes 11,390 rules unfunctional as mentioned in

scenario 1.

Finally, after interconnecting the wrongly identified rules based on the above scenarios, 25,509

unique rules are identified.

In order to enhance the process of identifying the correct rules, instance-based learning

algorithms (also called memory-based learning algorithms) are applied. For instance, to decide

the more accurate rules, the statistical or frequency of the rules in the reference document are

considered. In simple words and real example:

25,509 unique rules will be applied to all 373 tri-radical verbs. And Lexicon with
9,514,857 (373x25,509) Amharic words will be generated. When the frequency of the
rules is not an evaluation approach.

9,222 unique rules will be applied to all 373 tri-radical verbs. And Lexicon with
3,439,806 (373x9,222) Amharic words will be generated. When the frequency of the
rules is mandatory and must be above one.

5.935 unique rules will be applied to all 373 tri-radical verbs. And Lexicon with
2,213,755 (373x5,935) Amharic words will be generated. When the frequency of the
rules is mandatory and must be above two.

2,990 unique rules will be applied to all 373 tri-radical verbs. And Lexicon with
1,115,270 (373x2,990) Amharic words will be generated. When the frequency of the

rules is mandatory and must be above five.
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e 1,701 unique rules will be applied to all 373 tri-radical verbs. And Lexicon with 634,473
(373x1,701) Amharic words will be generated. When the frequency of the rules is
mandatory and must be above ten.

e 76 unique rules will be applied to all 373 tri-radical verbs. And Lexicon with 28,348
(373x76) Amharic words will be generated. When the frequency of the rules is
mandatory and must be above one hundred.

The more we rely on the frequency of the rules, the more the rules are perfect.
5.11 Chapter Summary

Morphological synthesis systems are useful in many areas of NLP for Amharic. Natural
Language processing plays a significant role in increasing computers’ ability to understand
natural languages. Morphological synthesis is one aspect of the task of understanding natural

language, the language by which most human knowledge is recorded.

There have been researches on processing of Amharic language in different aspects. Many of
tech researchers contributed to enhance the machine processing the language, but it appeared that
the language is not completely exploited in the Natural language processing world. This thesis
developed a hybrid approach to generate Amharic words from tri-radical verbs and end up
having a rich Amharic lexicon. In this research, the hybrid approach comprises a rule-based

incorporated with memory-based learning methodology.

This work utilizes two source data (tri-radical verbs and Amharic word list). Changing the index
of the letter in the tri-radical verbs and search in the Amharic word list, if found capture the
pattern, identify the morphemes, and identify, and generate the rule. If the rules are acceptable,
apply to the whole tri-radical verbs at the end. In order to verify the acceptability of the rules,

memory-based learning approach is applied.

The approach of finding the rules by searching the index changed format of the tri-radical from

the reference document result is very acceptable accuracy.
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Chapter Six: Conclusion and Future Work

6.1 Conclusion

In this thesis, the gaps observed in natural process language processing of Amharic language are

elaborated in manner where there is no such rich Amharic lexicon.

The thesis work, starts by identifying tri-radical verbs and their nature with the mission to target
these tri-radical verbs as the source for generating thousands of derived words from each of
them. Ambharic is so powerful and rich, there is no such reference that can explicitly inform the
exact number of words can be derived from an Ambharic root/stem word. In this thesis, we use
existing Amharic word list (reference) documents and few hundreds of tri-radical verbs to
identify existing rules that can shape the derivation process. We change the index/order of the tri-
radical verbs and search for word containing that index changed words. When the index changed
words are found in the reference document, the pattern of the word will be taken to further
processing of morpheme extraction. At the time of the morpheme extraction, the prefix part, the
root/stem part and the suffix part of the word will be captured. After the morpheme extraction is
done, the pattern of the morphemes will be taken as rule. If the rule is highly rated and has no
issues like wrong prefix, wrong suffix, and wrong index change, it will used for generation

words from the tri-radical verbs. Those generated words will be added to the Amharic lexicon.

In order to accomplish the above-mentioned tasks various components are used. Repositories
were used to keep source files (both tri-radical file, reference document) and result files (rules
and lexicon). And also processing components having specific tasks namely, Index Changer,
Word Finder, Morpheme Extractor, Rules Identifier/Generator, Rules Rater, and Word Generator
were implemented. In every part of the components the algorithms applied are considered based

on the accuracy they can deliver.

Generating words from Ambharic root/stem verbs is not easy. What this thesis accomplished is
great with its limited scope of only using tri-radical verbs. It showed that Amharic is so powerful
and rich that more than 20,000 words can be generated from just a single word. More than 200

prefixes and more than 600 suffixes can be used.

As a result, this thesis can be a stepping stone for more Amharic morphological related

researches.
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6.2 Contribution
The contributions of this thesis work are as follows,

e ldentifying that when changing the index/order of letters in tri-radical verbs, the first
two letters of the tri-radical verbs can be changed into three indexes/orders.

e Without having any number of rules, finding derivation rules from by matching the
tri-radical verbs and their index changed forms with existing list of Amharic word
list in a reference document.

e Algorithms to easily extract morphemes from Amharic tri-radical stem/root verbs.

e Algorithms to verify the validity every deliverable component with result.

e List of rules to derive more words from Amharic tri-radical stem/root verbs.

e List of Amharic words generated from tri-radical verbs (Amharic Lexicon)

6.3 Future Works

As mentioned in the previous sections of this thesis work, Amharic is a very rich and powerful

language and needs to be further studied.

e Morphological derivation from all forms of verbs not only tri-radical verbs.
e Generating of All-in-one Amharic Lexicon.

e Implementation of Amharic Language Processes
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