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Abstract

Nowadays, advancement in computer and software technologies have reached
the level of becoming basic necessity. The rise of computer-like gadgets such
as smart phones, hand-held device, etc. is making the society paperless. As a
result, we compose and exchange information on hourly basis. A grammar
checker then come to play a role in identifying grammatical errors efficiently.
An Amharic grammar checker was designed and developed through phrase
structure grammar formalism which lacks to analyze nonlinear structure of a
sentences. Another problems of phrase structure grammar is that as the
complexity of phrases increases, it is difficult to treat directly through
statistical model such as bigram and trigram models. These factors initiated
us to design and develop a dependency based Amharic grammar checker.
Accordingly, we propose an Amharic grammar checker integrated with
dependency parsing system. The parser is based on dependency grammar

formalism through which relationship of a word and its modifier is identified.

The system is implemented through Python 3.7.2, UDpipe 1.0 to obtain and
evaluate tokenizing and tagging models; MaltParser 1.9.2 to induce
dependency parsing models and MaltEval 1.0 to evaluate the result of parsing
model. The models were trained with a dependency treebank for Amharic.
Lastly, we reported the performance of the induced models and grammar
checker with randomly selected sentences from dependency treebank. The
tokenizer and the tagger were also evaluated with raw texts collected from
newspapers. We found out the tokenizer performs good with an accuracy of
100%. However the tagger’s performance was 43.11% on raw text corpus. The
dependency parser were also evaluated during development to select best
algorithm; which was Covington Non-projective algorithm. The agreement
checker was evaluated for each agreement type. The results are 68.18%,
81.25% and 20% of subject-verb, object-verb, and adverb-verb agreements
respectively. These results confirm us the feasibility of a dependency based

grammar checker with an integrated dependency parser.

Keywords: Dependency and Phrase structure grammar, Dependency Parser



Acknowledgments

[ would like to express my special thanks of gratitude to my advisor Dr.
Yaregal Assabie who gave me invaluable idea to initiate on the topic this
research work. I would also thank him for his support, understanding,

patience and motivation during the entire research work.



Table of Contents

List of Tables....... ..o e viii
LiSt Of FigUresS .. ..ot ix
List of Alorithms ..ot e X
Acronyms/Abbreviations ..............c.cooiiiiiiii xi
1. Introduction. ... ... e 1
1.1. BackgroUund.......oooueiiii e 1
1.2, MOTIVALION ettt e ettt aas 2
1.3. Statement of the Problem.........cooiuiiiiiiiii e 4
B @ o [Te 74T PP PP PR 5
1.5. Scope and Limitation of the Study .........cccooiiiiiiiiiiin, 6
1.6, MEthod .. ..eee e 6
1.7. Application of Result.... ..o 7
1.8. Organization of the Thesis ....coiiiiiiiiiiiii e 8
2. Literature ReVIeW ..............cooiiiiiiiiiiiiiiiiiii e 9
2.1 INtTOAUCTION Luititiit et ettt e e eaees 9
2.2. Grammar Checking, Formalism and Approaches ..........ccccecveveninnenen.e. 9
PP B € 5 421 014 o - | PP PPTRPRPRN 9
2.2.2. Grammar CheCKInNg.......ouveuiuiiiiiiiiiiii e 10
2.2.3. Grammar FormaliSm .......c.ciuiiiiniiiiiiiiiii e 10
2.2.4. Grammar Checking Approaches.........ccoeviiviiiiiniiiiiiiiiiiiinnieenes 11
2.3. ConstituencCy GIramIMATr .....oeuiiniiniii e eeaeae e aeaeeanes 12
2.4. Dependency GIramIMIar ... ...oeueeeneneeenenetieneeieneteteneneeenenaeeneaaeenens 13
2.4.1.Dependency Relation .......c.ccoooeiiiiiiiiiiiiiiiii 14
2.4.2.Dependency TIEE .....cuiuiininiiiii i 15
2.4.3. Dependency Parsing .......ocoeuveieiniiniiiiinieeie e 16
2.4.4. Dependency Parsing Algorithm ...........cooiiiiiiiiiiiiiiiiens 18
2.4.5. Dependency Treebank..........cooiiiiiiiiiiiiiiiiiiiir 20
2.4.6. Treebank Data Format.........cccoviiiiiiiiininininnnnrrc e 26
2.4.7.Universal Dependency ........ccveuiuiiiiniiiiiiiiiieei e 27
2.5. Amharic LanguUage .......couiiuiniiiiiii e 29
2.5.1. Amharic Part of Speech.......cccoiiiiiiiiii 29
2.5.2. Amharic MorpholOgy ... .ccouuiniiiiiiiiii e 33
2.5.3. AmMharic SENteNCES .....ouiuiiiiiiiii e 35



2.5.3. Agreement in Amharic Sentences ........cccovuviiiiiiiiiiiiiiiiiiiiieenes 39

2.5.4. Dependency Grammar for AmharicC ........coveviiiiiiiiiiiiiiiiiiinenininn.. 41
2.0, SUIMIMATY teitinititititititit ettt ettt ettt ettt e eaeaeaeaeneneaeaeaeaens 43
3. Related WOrk ....... ..o 44
3.1, INtrOdUCHION ..euiiiiii i 44
3.2. Swedish Grammar CheCKing......ocvuviviiiiiniiiiiiiiiiii e 44
3.3. Dependency-Based Rules for Grammar Checking .........c.c..cccoeuvenenen. 45
3.4. Amharic Grammar ChecKing........c.cveviviiiiiiiiiiiiiiiiiiiceeeee e 45
.S SUMIMIATY ettt e ettt e ae e e 46
4. DBAG-ChecCKer ..ot 48
4. 1. INtrOAUCTION «. ettt e 48
4.2. System Archit@CtUuTIe ... ...ocuiuiiiiiii e 48
4.3. CONLL-U FOormatting .....cocoeueniiniiiiiiieeceee e 49

4.3.1. WOrd TOKENIZING «.euivnininiiiiiniieie e e 50

4.3.2. Part of Speech Tagging.....c.cooviiiiiiiiiiiiiiiiiiii e 51

4.3.3. Morphological Feature Annotation ...........coceeveiiiiiiiiiinininininina.. 53
4.4. Dependency Parsing ... ..o 54
4.5. Grammar CheCKing ......ouviuiuiiiiiie e 56

4.5.1. Relationship EXtraction ...........cccooviiiiiinininiee e 56

4.5.2. Agreement CheCKing......c.coouviuiuiiiiiiiiiiiii e 59
5. ExXperiment ... ... 65
5.1, INtrOAUCHION . cuenine e 65
5.2, Evaluation MeEtTiCS ...ueuiuiininiiiiiiiii ettt 65
5.3. Development of Tokenizing and Tagging Model ..................c.ooienin. 66

5.3.1. Testing and Evaluation.........c.coeuiiiiiiiiiiiiniiinien e 67

5.3.2. DISCUSSION tutuinininini ettt e e e ens 69
5.4. Development of Dependency Parsing Model ...........cccoveviiiiiiinininin.. 71

5.4.1. Testing and Evaluation.........c.coooiiiiiiiiiiiiiiiiiiiiceeeen 72

5.4.2. DISCUSSION . ttitinitiiiiii e 73
5.5. Development of the Grammar Checker ............cooviiiiiiiiiiiinninnn.. 74

5.5.1. Testing and Evaluation........c.cccoeiiiiiiiiiiiiiiiieree e 74

O.5.2. DISCUSSION tutnttitiitt ittt et ettt et e e e eaenens 74
6. Conclusions and Recommendations ......................c.ooiii. 76
0.1, CONCIUSIONS . ..ttt et e e e 76

vi



(ST ®7e) sk n gl o115 Te) o NUTTTNUE PP 76

0.3. FUtUre WOTK ....ooiiii e 76
ReEefEIreMNCEeS .. ... 78
ANNEXES ... e 83

Annex A: CoNLL-X Format Field Description ..........cccooiiiiiiiiiiiiiiininenenenen. 83

Annex B: CoNLL-U Format Field Description..........ccocvviviiiiiiininininininenenen. 84

Annex C: Universal POS tags .ot 85

Annex D: Universal Features INVENtOry .......ccooviiiiiiiiiiiiiiiiiienineeeenen, 86

Annex E: Universal Dependency Relations ...........cooooiiiiiiiiiiiiiiiinnnnenen. 87

Vii



Table 2.1:
Table 2.2:
Table 2.3:
Table 2.4:
Table 4.1:
Table 4.2:
Table 4.3:
Table 4.4:
Table 5.1:
Table 5.2:
Table 5.3:
Table 5.4:
Table 5.5:
Table 5.6.
Table 5.7:
Table 5.8.

List of Tables

Amharic noun marked for gender, number and case ........... 30
Amharic Personal Pronouns ..........c.ccoovviiiiiiiiiiiiininnenn. 30
Amharic Demonstrative Pronouns..........c.coocveviiiininnenenn.n. 31
Amharic Interrogative Pronouns.........c.ccoceveviiiiiiiiiiiinnnnnnnn.. 31
UD POS tag and Amharic-Specific tag-sets........ccccoeeveeirnnnnnn.n. 52
Morphological Features .........ccoviiiiiiiiiiiiiiiiiiiiincceceec e 53
Grammatical Agreement-Dependency Relationship Mapping 59

Comparison of Words of Input Sentences 4.1 .........cccoeeeennneee. 61
Confusion MatriX ....ooeeeeuiiieiiiiiiieeie e 65
Hyperparameter values for Tokenizer ...........ccccceevveeiiieeeinnnnnns 67
Hyperparameter values for Tagger .......cccccoovveiiiiiiiiiiiiiiinneeennnnn. 68
Evaluation result of Tokenizer Generation .........c....ccceeeeeeunnnee. 68
Evaluation result of Tagg@er.........ccoveviiiiiiiiiiiiiieee 68
POS Tagging Result ........cooiviiiiiiii e 70
Evaluation of parsing algorithms .........cccccooviiiiiiiiiiiiiinnniinnnnn. 73
Grammar Checker Evaluation Result...........cccccooooiiinn. 74

viii



List of Figures

Figure 1.1. Constituency Representation ............ccoviiiiiiiiiiiiiiniiiiinenn.. 3
Figure 1.2. Dependency Representation..........cccoeveiiiiiiiiiiiniiiiinninan.. 3
Figure 2.1. Typed Dependency Structure.............cocoeviiiiiiiiiiiiinininnan.. 15
Figure 2.2: Projective dependency tree..........coeeveviiiiiiiiiiiiiiiiniiiniinenes 16
Figure 2.3: Non-projective dependency tree. ........c.coeveieniiiiiiiinenenennene. 16
Figure 2.4: Parse Tree of Phrase Structure Grammar...........c..c.ccceueenene. 17

Figure 2.5: Parse Tree of Phrase Structure for Amharic Complex Sentence.... 17

Figure 2.6: Mono-Stratal Representation ........c....cooiiiiiiiiiiiiiiiinn.. 21
Figure 2.7: Multi-Stratal Representation.........c.ccocoeeiiiiiiiiiiniiiininan., 22
Figure 2.8: XML Format .........ccoiiiiiiiiiiiiiiiiiirrre e 27
Figure 2.9: Column-based format. .........c.cooiiiiiiiiiiiiiiiiiircens 27
Figure 2.10: Prefix and Suffix Arrangement of Amharic Verbs.............. 35
Figure 2.11: Empty node in Amharic Sentence ...........c.ccooveveinineninnan.. 42
Figure 2.12: Simple subject-verb and object-verb agreement in Amharic....... 42
Figure 2.13: A Sentence with Relative Clause ........c....cccoiiiiiiiiinininan.. 43
Figure 4.1: Architecture of Dependency Based Amharic Grammar Checker.... 49
Figure 4.2: Sentence Tokenization ...........cooeeeiiiiiiiiiiiiniiiiiiiiecccin e, 50
Figure 4.3: Content and Functional Words Segmentation..............c........ 51
Figure 4.4: POS Tagging of Sentence 4.1 and 4.2.........ccccceivveiiiiiineeeennnnn. 52
Figure 4.5: Morphological Features of Sentence 4.1 and 4.2 .................. 54
Figure 4.6: Parsing Results of Sentence 4.1 and 4.2..............cccooeeiiiiennnn. 55
Figure 4.7: Parse tree of Sentence 4.1 .....ccooovviiiiiiiiiiiiiiiiieee e 56
Figure 4.8: Parse tree of Sentence 4.2 .........ccoiiiiiiiiiiiiiiiiiiiien e, 56
Figure 4.9: Illustration of Sentence Object...........cccouiviiiiiiiiiiiiiiiiniiinnn. 57
Figure 4.10: Head-Dependent Relationship of Sentence 4.1 ................... 57
Figure 4.11: Filtered Head-Dependent Relationship of Sentence 4.1 ..... 58
Figure 4.13: Results of Algorithm 4.2 . ..., 61
Figure 4.14: Agreement Checking Result of Sentence 4.1 ....................... 64
Figure 5.1. Decision tree for best projective algorithm............c............... 71
Figure 5.2: Decision tree for best non-projective algorithm..................... 72



List of Algorithms
Algorithm 4.1: Head-Dependent Relationship Extractor.............c............

Algorithm 4.2: Searching for Common Keys ..........cccovviiiiiiiiiiiniiiiiiinnncinn.
Algorithm 4.3: Agreement and Disagreement Checking.............ccccc.oecc.



Acronyms/Abbreviations

CFG Context Free Grammar

CONLL Computational Natural Language Learning
CONLL-U Computational Natural Language Learning Universal
CS Complex Sentence

DBAG Dependency Based Amharic Grammar Checker

DET Determiner

DOBJ Direct Object

HMM Hidden Markov Model

LAS Labeled attachment score
MST Maximum Spanning Tree

N Noun

NLP Natural Language Processing
NMOD Noun Modifier

NP Noun Phrase

NSUBJ Noun Subject

OBJ Object of a Sentence

POS Part of speech tagger

SBJ Subject of a Sentence

SMT Statistical Machine Translation
SOV Subject Object Verb

SS Simple Sentence

SVM Support Sector Machine
UAS Unlabeled attachment score
UD Universal Dependency

UPOS Universal Part of Speech

\Y Verb

VP Verb Phrase

XML Extensible Markup Language

XPOS Language Specific Part of Speech



Chapter 1: Introduction

1.1. Background

One of the fundamental features of human behavior is natural language. It is
a vital means through which we communicate about the world that affects
our daily lives. Most human knowledge is recorded using natural languages.
Natural languages are then processed to understand and represents human
knowledge into meaningful computer understandable forms. The result of
which help us to further analyze and represent naturally occurring texts at
one or more levels of linguistic analysis for the purpose of achieving human-
like language processing for a range of tasks or applications [1]. These level of
linguistic analysis include morphological, syntax, semantic, discourse and

pragmatic analysis.

One application of syntactic analysis is grammar checking which deals with
identifying grammatically incorrect sentences. Research and development of
grammar checking techniques have been carried out since the 1970's [2],
mainly for well-resource languages such as English [3, 4, 5, 6], Swedish [7, 8,
9, 10], and so on. The earliest grammar checker for local language was
developed in 2011 [11] for Afan Oromo. The grammar checker was designed
based on manually created rules. Even if the grammar checker provides
promising results, it still generates false alarm when it is provided with
incorrectly tagged words [11]. The other grammar checker for local language
was Amharic grammar checker [12] which was developed in 2013. The
grammar checker for Amharic is a bit complex than that of Afan Oromo as it
was implemented with two methods. The first is rule-based approach for
simple sentences. The other is statistical one for both simple and complex

sentences.

To implement a grammar checker, we need grammar of the specific language
and the formalism of the grammar through which the language is represented.
Grammar refers to a system of rules describing what correct sentences should

look like [13]. A grammar can be formalized through phrase structure



grammar or dependency grammar. A phrase structure grammar is also called
constituency grammar which deals with the constituent of a sentences such
as noun, noun phrase, verb, verb phrase, etc. [1]. Dependency grammar
formalism, on the other hand, is the syntactic representation of natural
language based on dependencies between pairs of words, one is designated as
a head and the other is its dependent [14]. This refers the pair as a head-

modifier dependency relationship.

1.2. Motivation

Currently, we use a grammar checker on word processors to check the
grammatical correctness of a text and sometimes to evaluate the result of
machine translation. This is a common practice for well-resourced languages
such as English. We are guaranteed that a word processor provides
suggestions for errors we made while using English language in word

Processors.

It is becoming increasingly important to have an Amharic grammar checker
since more and more electronic Amharic documents are being produced with
the advent of computers and word processing applications. In addition to this,
we are prone to grammatical incorrectness since Amharic is the second
language for most of none-native speakers of Amharic and it is

morphologically complex language.

An attempt was made to design and develop an Amharic grammar checker
[12]. The research was conducted with the motives of alleviating grammatical
errors made during writing in general and designing grammar checking
system that suites the language’s morphological structure, clause order, etc.,
instead of directly adopting other languages’ grammar checking system in
particular. Accordingly, the grammar checker was implemented with phrase
structure grammar formalism of Amharic language. This model focuses on
the concatenation of strings which result in generation of useless intermediate
nodes called phrases [15]. The introduction of intermediate nodes make

constituency grammar less efficient than dependency grammar [15]. For



example, if we represent a sentence “students hate annoying professors” on
both constituency as well as in dependency grammar, we are going to gain
considerable performance improvement. As it is depicted in Figures 1.1 and
1.2; four edges must be passed or traversed in order to check agreement
between students and hate in constituency grammar while one edge is enough

in dependency framework [15].

ol

_..r-"‘"ff “h"‘"‘\-...
NP VP \
Noun vVt Adj

students hate annoying pro

Figure 1.1. Constituency Representation

vVt
hate

\ N(:)Lln

professors

/

Noun Adj
students annoying

Figure 1.2. Dependency Representation.

The choice of dependency grammar formalism is, therefore, motivated by the

following factors.



» Dependency model focuses on functional complementation of syntactic

unites rather than intermediate unites [15].

» The path along which features are propagated for unification are longer

in constituency tree than in dependency tree [15] [16].

» In constituency grammar, the number of parse tree grows exponentially

with the sentence length, which is difficult to control [17].

1.3. Statement of the Problem

Every time information technology advancement is becoming more and more
volatile and unpredictable. The emergence of fast and portable computing
devices, and widely availability of smart phones that have equal capability as
a computer create paperless society. This indicates that volumes of electronic
documents are increasing significantly. We compose electronic document on

word processors and exchange them through email and social media.

A grammar checker then helps to identify grammatical errors effortlessly and
precisely. This is a common practice for well-resourced languages. However,
little has been done for Amharic compared to others. Aynadis Temesgen and
Yaregal Assabie [12] designed an Amharic grammar checker by taking phrase
structure grammar into consideration, where it lacks capabilities of modeling
languages that have complex morphological features such as Amharic. Such
cases are exhibited while analyzing languages with statistical approach of n-
gram model. It is also impossible to manually craft all grammar rules
exhaustively. Aynadis Temesgen and Yaregal Assabie [12] claim that Amharic
sentences with complex phrase structures are difficult to model directly with
bigram or trigram methods. To alleviate such problem and improve the
performance of the grammar checker, they recommended to apply a parser

before checking grammatical correctness of a sentence.

Another feature that phrase structure grammar lacks is that it treats all
sentences as a sequence of words making linear relationship. In other words,

it only considers relationship between adjacent words as if no relationship



exist among other nonlinear words of a sentence. It ignores tree-like structure

of natural language sentences [18].

This research, therefore, is going to be conducted with the aim of exploring
Ambharic sentences structure by focusing on dependency grammar formalism
to alleviate the problem arise from the complexity of phrase structure and to
handle nonlinear relationships of words in a sentence. The research also
incorporates dependency parsing to capture dependency relationships among

words of which grammatical agreements are going to be checked.

1.4. Objectives

e General Objective

The general objective of this research is to design and develop a prototype of
a dependency based Amharic grammar checker by integrating dependency

parser.

e Specific Objectives

To achieve the general objective of the study the following specific objective

are identified.

% Reviewing literature on theoretical subject matter of grammar checker

and related works done on other languages;

% Collecting Amharic corpus and preparing test sets to evaluate

performance of the developed system;

% Studying grammatical structure, morphology and syntax of Ambharic

language;
% Designing dependency grammar for Amharic sentences;
% Developing a prototype for the proposed system and

% Evaluating the performance of the system.



1.5. Scope and Limitation of the Study

The scope of this research work is concerned with detecting common
grammatical errors of Amharic sentences, which include subject-verb
disagreement, object-verb disagreement, adjective-noun disagreement and
adverb-verb disagreement. However, this research work does not include

grammatical error correction of Amharic sentences.
1.6. Method

The methodology that the researcher is going to be conducted comprises four
basic activities: conducting literature review, data collection and preparation,

prototype development and evaluating the system.
e Literature Review

Literature review has been conducted on theoretical framework that
make up grammar checking and Amharic sentence, morphology and
syntax. In addition to this, related works are going to be reviewed to
show what has been done and how the research works have been done

by others on dependency grammar formalism and dependency parsing.

e Data Collection

Amharic sentences have been collected from grammar books to prepare
them in the format that suit dependency based analysis. A dependency
grammar formalism mostly requires input data to be in CONLL or
CONLL-U format in which sentences are represented column-wise with
ten fields. The collected data will be used for training and testing the

performance of the system.
e Prototype Development

Different tools are used to develop the prototype of the system. These are
UDpipe version 1.0 to induce word tokenizer, POS and morphological
feature tagger; MaltParser version 1.9.2 to analyze sentences in
dependency framework and to induce a dependency parsing model for

6



Amharic; MaltEval version 1.0 to evaluate the induced model and select

the best parsing model. Python is also used to develop the prototype.

e Evaluation

Once the prototype is developed, it is evaluated with appropriate metrics.
Since the prototype encompasses tokenizer, tagger, dependency parser
and agreement checker, the evaluation metrics vary accordingly.

Therefore, we use two group of evaluation metrics.

The dependency parser is evaluated by labeled attachment score (LAS)
and unlabeled attachment score (UAS) [19] using MaltEval [20]. UAS
measures the percentage of correctly assigned head. It ignores whether
or not the dependency relation is correctly labeled or not. A more
encompassing accuracy measure is LAS, which measures the
percentage of tokens that are assigned the correct head with the correct

relation.

The tokenizer, tagger and the agreement checker, however, are evaluated
for precision and recall. Test case are going to be prepared manually to

evaluate the performance of the prototype.
1.7. Application of Result

Digital media is significantly impacting most of our daily lives in one way or
another. We communicate through email and compose on social media such
as Facebook and Twitter on daily even hourly basis. We also communicate
through printed documents. A grammar checker then help us to produce error

free works.

This research, therefore, enables Amharic language users, particularly the
non-native ones, to effectively prepare official documents, letters, emails, etc.

It improves productivity as it saves the time users take for proofreading too.

Apart from these, a grammar checker can also be used as a post processing
activity for statistical machine translation (SMT). One problem with standard

statistical machine translation system is that its output tends to be

7



ungrammatical, since it heavily depends on statistical compositions and there
is no linguistic knowledge used in the systems. Therefore, grammar checker

can be used to evaluate the result of a SMT.

In addition, a grammar checker can be helpful in development of other natural
language processing systems like question answering, dialogue generation,

and paraphrasing systems etc. [21].

1.8. Organization of the Thesis

This thesis comprises six chapters including the current introductory
chapter. Chapter 2 provides an explanation of grammar formalism and
grammar checking approaches. It provides an overview of dependency
grammar, which is the grammatical analysis we used in designing the
grammar checker, along with an explanation of dependency tree, parsing,
algorithm, treebank and its data formats. A summary of the nature of the
Ambharic language and an overview of its distinctive linguistic features are
discussed in the end. In Chapter 3, we summarize related works pertinent to
developing dependency based grammar checker. These are research works
conducted on different types of grammar checker approaches. In Chapter 4,
we introduce the design aspects of the dependency-based Amharic grammar
checker, its architecture and other linguistic phenomenon that are specific to
the Amharic language. We also discuss the components of the grammar
checker including sentence preprocessing, dependency parser, relationship
extractor and agreement checker. In Chapter 5, we present the result of
experiment and the corresponding test cases to evaluate the prototype
developed. Finally, in Chapter 6, we report on conclusions and
recommendations including possible future works on how to extend and

enhance the current work.



Chapter 2: Literature Review

2.1. Introduction

This chapter presents literature review on the concepts that are fundamental
for the research. The chapter begins with a brief introduction to grammar,
grammar formalism and approaches to grammar checking starting from rule-
based method to hybrid one. Constituency grammar and dependency-based
grammar formalisms are also discussed briefly with more emphasis given to
dependency grammar. The discussion on dependency grammar focuses on
dependency relation, dependency tree and treebank, dependency parsing
algorithm, as well as universal dependency. Regarding Amharic language, we
describe the morphological structure of Amharic words, the type of Amharic

sentences and their common grammatical agreements.

This chapter is organized in five sections: Grammar Checking and
Approaches, Constituency Grammar, Dependency-Based Grammar, Amharic

Language, and Summary.

2.2. Grammar Checking, Formalism and Approaches

Language is a means of exchanging information and knowledge. The
information can be specified either in written or spoken forms. The most
important thing in information content form is the validity of sentences in the
given language. All valid sentences of a language must follow the rules of that
language or grammar. Invalid sentences are not worth to convey information

especially in written form and therefore rejected immediately.

2.2.1. Grammar

From a formal point of view a language is possibly an infinite set of character
strings. The character strings are structured, that is, elementary strings
reoccur in various combinations. It is the task of a grammar to define all of
the well-formed strings of a language and to describe their structure [15]. A
grammar is also defined as the study or use of the rules about how words

change their forms and combine with other words to make sentences. In



linguistics, grammar is the set of structural rules governing the composition

of clauses, phrases, and words in any given natural language [1].

2.2.2. Grammar Checking

Currently, the day to day activities of human beings are assisted and
complemented by computer systems. Computer systems support us in such
way that alleviate our problem on different aspects of our life. This includes
automating natural language processes. To realize this, it is necessary for

computers to get aware of natural languages.

One application of natural language processing is a grammar checker.
Grammar checker is a software that verify the syntax of a specific language
against the grammatical rules of that language [21]. Correctness and validity
of sentences are checked with the help of an underlying grammar of the
natural language. The grammar consists of a set of rules that govern the
construction of sentences. A valid sentence is one in which all words are
compatible to each other in terms of gender, number, person and case. Word
order as well as punctuation marks also factor for a sentence to grammatically
valid. Grammar checking, therefore, involves testing grammatical agreements
of words of a sentences against the language’s grammatical rules or

compositions.

To this end, grammar formalism, grammar rules and approaches of

implementing grammar checker are required to design a grammar checker.

2.2.3. Grammar Formalism

Grammar formalism is a mechanism of knowledge representation of a
language through a formal notation. To elaborate further, it is a way of

defining and describing syntactic structure of sentences [15].

The syntactic analysis of a sentence is either directed to composition of
expressions where hierarchical (top down) analysis of constituents of an
expression, or the relations between elements of the expressions in terms of

head and its dependents. The first expression focuses on grouping of words
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whereas the later interests in syntactic functions of words, or how do words
in the expression relate to each other [22]. Every syntactic theory, therefore,

contains Constituency (Phrase Structure) or Dependency Analyses.

2.2.4. Grammar Checking Approaches

A grammar checker can be implemented with three approaches regardless of
the type of grammar formalism. These are rule-based, statistical and hybrid

approaches [18].
Rule-based Grammar Checking

In this approach, input sentences are checked against manually prepared
rules which are represented in the form of machine parsable format [23]. The
drawbacks to rule-based system are: the extensive effort required to build the
ruleset; regardless of the size of the ruleset, given the variability of the human
language it is virtually impossible to capture all possible rules and the large
number of exceptions to rules [24]. It also requires linguistic expertise on the
specific language [25]. However, one advantage of rule-based approach is the
grammar checking is always complete if the grammar rules are complete [23].
The rules are easily configurable [25] in that we can add or remove individual

rules without affecting the whole setup.
Statistical Grammar Checking

Statistical grammar checkers build statistical models using syntactic labels
that are used for detecting and correcting grammatical errors. The typical
statistical approach is to model how likely the occurrence of an event is, given
a history of preceding events. Thus, statistical approaches easily adaptable to
any language requiring only training data in the form of syntactically labeled
corpus [24]. The corpus can be created manually or extracted automatically
from books, magazines, documents, or online resources etc. The corpus is
supposed to be representing all language features and linguistic phenomenon
of the language under consideration [12] [25]. The system is, therefore,
resource consuming and highly dependent on large and domain adapted data;

and it usually lacks semantic information and favoring high occurring
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statistical events which are not always the best way of detecting and

correcting grammatical errors [24].
Hybrid Grammar Checking

A hybrid system combines both rule-based and statistical approaches to
overcome the weaknesses of the two approaches if the mixture of the two
components is done properly. Detection of errors can be achieved statistically
and rule-based, the task of the hybrid approach is then to resolve any conflicts
that arise between the outputs of the two approaches [24]. So that it achieves

higher efficiency and more robustness.

2.3. Constituency Grammar

A constituency (phrase structure) grammar deals with the constituent of a
sentences such as noun, noun phrase, verb, verb phrase, and so on [1]. It
refers to the analysis that divides sentences into its subparts or phrases. It

looks at how an expression is built up [22].

The most commonly used mathematical system for modeling constituent
structure in natural languages is the Context-Free Grammar [1]. A Context-
Free Grammar consists of a set of rules or productions and a lexicon of words
and symbols. Each rule expresses the ways symbols of the language are
grouped and ordered together. For example, the following productions express
that a noun phrase (NP) can be composed of either a Proper Noun or a

determiner (Det) followed by a Nominal; a Nominal can be one or more Nouns.

[1]

NP — Det Nominal

NP — Proper Noun

Nominal — Noun | Nominal Noun

Context-free rules can be hierarchically embedded, so we can combine the
previous rules with others like the following which express facts about the

lexicon:
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Det— a
Det— the
Noun — flight

The symbols that are used in a CFG are divided into two classes: terminal and
non-terminal symbols. The symbols that correspond to words in the language
(“the”, “flight”) are called terminal symbols; the lexicon is the set of rules that
introduce these terminal symbols. The symbols that express clusters or
generalizations of these are called non-terminals. In each context free rule,
the item to the right of the arrow (—) is an ordered list of one or more terminals
and non-terminals, while to the left of the arrow is a single non-terminal
symbol expressing some cluster or generalization. The non-terminal

associated with each word is its lexical category, or part-of-speech [1].
A context free grammar G is a quadrupled [22]:
G= (Vnt, V1, P, S) where:
v" Vnra set of non-terminal symbols (phrases)
v' Vra set of terminal symbols (lexical items)

v P a set of production rules of the form A —oa, where A is a terminal

symbol and a is a sequence of terminal and non-terminal symbols.

v' S: a designated start symbol, S € Vnr

2.4. Dependency Grammar

Dependency grammar structure grew from a theory of structural syntax which
focused on connections and grammatical relations between words.
Dependency grammar structure consists of lexical elements linked by binary
dependency relations [26]. It refers to the analysis looking at the relations that
are found in an expression. It looks at what role parts of the expression play

to convey the meaning [22].
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It represents the syntactic structure of a sentence by means of dependency
trees. A dependency tree for a sentence is a directed tree whose nodes are all
the words of that sentence. Each arc of a tree represents a single syntactic
dependency directed from the head to its modifiers or dependent, and labelled
with the specific syntactic function such as SBJ for subject of a sentence,

OBJ for object of a sentence, NMOD for modifier of a noun, and so on [14].

Dependencies are motivated by grammatical function. A word depends on
another either if it is a complement or a modifier of the latter. For example, a
transitive verb “love” requires two dependents, one noun with the grammatical
function subject and one with the function object. To demonstrate further,
consider a sentence “a man sleeps”. The indefinite article “a” depends on the
noun “man” which in turn depends on the verb “sleep”. The verb “sleep”
depends on nothing, which is the root of the sentence [27]. This shows that
dependency grammar formalism is closer to natural language. In other words,
dependency representation is more similar to the human understanding of a

language.

A major advantage of dependency grammar is its ability to deal with
morphologically rich languages and have a relatively free word order. An
additional practical motivation for a dependency-based approach is that the
head-dependent relations provide an approximation to the semantic
relationship between predicates and their arguments that makes them
directly useful for many applications such as co-reference resolution,

question answering and information extraction [19].

2.4.1. Dependency Relation

The traditional linguistic notion of grammatical relation provides the basis for
the binary relations that comprise the dependency structures. The arguments
to these relations consist of a head and a dependent. In constituency or
phrase structure grammar, the head word of a constituent is the central
organizing word of a larger constituent (e.g., the primary noun in a noun
phrase, or verb in a verb phrase). The remaining words in the constituent are

either direct or indirect dependents of their head. In dependency-based
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approaches, the head-dependent relationship is made explicit by directly
linking heads to the words that are immediately dependent on them,

bypassing the need for constituent structures [19].

\dobij

\
) | —
- . det N |I f .nmod \1
| | | |
f | ~[case)
| f nmod \ | | (\case) q".. '|

I ¥ v I‘Hr ! '& \ v

¥ vl \
[ prefer the morning flight through Denver

Figure 2.1. Typed Dependency Structure

In addition to specifying the head-dependent pairs, dependency grammars
allow us to further classify the kinds of grammatical relations, or grammatical
function, in terms of the role that the dependent plays with respect to its head
such as subject, direct object and indirect object. In Figure 2.1 above, the
relation NSUBJ and DOBJ identify the subject and direct object of the
predicate prefer, while the relations NMOD, DET and CASE represent
modifiers of the nouns flight and Denver. The directed arcs in the tree
represent the head-dependent relations. The arc labels denote functional

categories of the words [19].

2.4.2. Dependency Tree

There are two types of dependency tree representation: projective and non-
projective. A dependency tree is called projective if its edges can be drawn in
the plane above the words of the sentence, without any edges crossing each

other. Figure 2.2 is an example of a projective tree.

In a non-projective dependency tree, the edges are crossing each other, as
illustrated by Figure 2.3. Non-Projectivity is typically needed to handle long-
distance dependencies and flexible word order mostly in complex sentences

[19].
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Figure 2.2: Projective dependency tree.
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Figure 2.3: Non-projective dependency tree.
2.4.3. Dependency Parsing

In dependency parsing, the syntactic structure of a sentence is described in
terms of the words in a sentence and an associated set of directed binary
grammatical relations hold among the head and dependent words [19]. The
parsing process is an important step of sentence preprocessing for many NLP
applications such as grammar checking, segmentation, classification,

sequence prediction problem, etc. [28]

Relations among the words are illustrated above the sentence with directed,
labeled arcs from heads to dependents. We call this a typed dependency
structure because the labels are drawn from a fixed inventory of grammatical
relations. It also includes a root node that explicitly marks the root of the tree,

the head of the entire structure [19].

The internal structure of the dependency parse consists of directed relations
between lexical items in the sentence. These relationships directly encode
important information that is often buried in the more complex phrase
structure parses. For example in Figure 2.1, the arguments to the verb prefer
are directly linked to it in the dependency structure, while their connection to

the main verb is more distant in the phrase-structure tree. Similarly, morning
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and Denver, modifiers of flight, are linked to it directly in the dependency
structure [19]. These properties are depicted in a parse tree of phrase

structure grammar below.

S
NP VP
P1|'0 Ve;t:f ) EIE.HF‘:
1|" preLfer D|ertF - - I;i:c;)ﬁl_'n
the No?; ] 1'““513
N TN
Nom Noun P NP

Noun flight through Pro

morning Denver

Figure 2.4: Parse Tree of Phrase Structure Grammar

The same is true for Amharic phrase structure grammar. In Figure 2.5 below,
the subject “hd” connects the verb “a9tA” through intermediate components
CS and VP. However, the two words directly linked each other in dependency
grammar. Likewise, the noun “atvkC” and the verb “A720¢+” relate through

intermediate constituencies of SS and VP.

CS
/’\
N VP
| T T
na SS V
T |
N VP Ag°1:4\
I /\
ANEC N \V

Lt ArLacT

Figure 2.5: Parse Tree of Phrase Structure for Amharic Complex Sentence
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2.4.4. Dependency Parsing Algorithm

Syntactic parsing is a process by which grammatical structures are identified
and assigned to sentences within a text. Typically, parsing is an automated

process and plays a significant role in the development of NLP tools.

An increased availability of linguistic resources has resulted in the
development of dependency parsing platforms such as MSTParser [29] and
MaltParser [30] [31] [32]. Statistical data-driven parsers learn how to
syntactically analyze sentences from a set of examples. This data set is
referred to as training data, which is in the form of a treebank. Probabilistic
or statistical data-driven dependency parsers predict dependency trees after
having learned patterns within the training data (treebank), which help to

assess the probability of two words being part of a head-modifier relationship.

Two main approaches dominating data-driven dependency parsing. These are
graph-based and transition-based. Graph-based dependency parsing involves
the construction of a parse tree by predicting the Maximum Spanning Tree
(MST) in the digraph for the input sentence [29]. In this digraph, each word
corresponds to a vertex, and these vertices are all connected by directed edges
(arcs). Based on frequency counts in the training data (treebank), each arc in
the graph is assigned a score at the learning or training stage. Making a
common assumption of arc factorization, the score of the graph is the sum of
all the arc scores (weights). The challenge of the parser is to find the highest-
scoring tree, that is, a subgraph including all vertices and only the minimum
number of arcs to be connected, the MST, when choosing from amongst the

proposed candidates. MSTParser [29] is a graph-based parser.

On the other hand, in transition-based dependency parsing, the training
phase consists of learning the correct parser action given the input string and
the parse history. The parsing phase consists of parser actions as dictated by
the learned model. These actions are based on a shift-reduce parser, which
involves progressing through the input string and moving tokens onto a stack
from a buffer (shift) or removing them once they have been fully processed

(reduce). MaltParser [31] is an example of a transition-based parser.
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In transition-based parsing, the parser moves from left to right through a
sentence, making decisions as to which words will make up dependency pairs
with the help of a classifier. The transition-based parsing algorithms use a
buffer containing the sentence tokens in linear order, a stack onto which each
token is pushed as part of the processing step and an arc list that contains
the proposed head-modifier relations [32] [30]. In this approach, the parser
looks to see what is on the top of the stack and appearing next in the buffer.
Due to the fact that it does not look beyond the next item in the buffer nor
does it undo any decisions it has already made, it is referred to as a greedy

algorithm [19].
MaltParser

MaltParser is a freely available transition-based parsing model for research
and educational purpose [30]. With MaltParser, we can induce a new parsing
model as it is a language independent parsing tool. The parsing model is
sometimes called shift-reduce as is reduces the problem of parsing a sentence

to the problem of finding an optimal path through a transition system [33].

MaltParser supports a number of parsing and learning algorithms [30]. The
parsing algorithms in MaltParser can be categorized into three families,
Nivre’s Algorithm, Covington’s Algorithm, and Stack Algorithm [33]. A key
component in transition-based parsing is the idea of configuration which
comprises of a stack, an input buffer of words, or tokens, and a set of relations

representing a dependency tree.

Since MaltParser is an inductive dependency parser, it uses learning
algorithm to induce a parsing model. The learning problem of MaltParser is to
induce a classifier for predicting the next transition given a feature
representation in the form of training data that have dependency structure.
MaltParser employs two built-in learning algorithm, LIBSVM and LIBLINEAR
[34].

The learning type of LIBSVM is support vector machine (SVM) that learns by

examining hundreds or thousands of data. As a learning system, LIBSVM
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involves two steps: first, training a data set to obtain a module and second,

using the module to predict information of a testing data set [35].

The other learning library, LIBLINEAR, utilizes various linear classifiers
including SVMs [34]. LIBLINEAR is an open source library for large scale
linear classification. It supports regression and linear SVM [36]. Similar to
LIBSVM, LIBLINEAR follows two steps to induce a model: training and
predicting.

When the performance of the two libraries is being compared, LIBLINEAR is
very efficient than LIBSVM for training large-scale problems. A comparison is
made between them on a corpus with more than 600,000 examples. The
LIBLINEAR takes only several seconds to train a text classification problem,
however, the LIBSVM would take several hours [35]. On the contrary, LIBSVM
is more memory efficient than LIBLINEAR since it does not store weight

vectors explicitly.

2.4.5. Dependency Treebank

A treebank is a corpus of text that has been annotated with syntactic
information describing the grammatical structure of each sentences. One of
the syntactic analysis is dependency analysis which is based on extracting
sets of labelled relations between pairs of words in a sentence. Treebanks are
not only valuable for linguistic research and corpus analysis, but they also

provide training data on which statistical parsing models can be built [37].

The information available on a treebank normally contains tokens, index of
the tokens in the sentence, lemma of the tokens, part-of-speech tag,
morphological data, the index of the head and the description of that
attachment or dependency label [38].

Treebanks vary according to different considerations that are taken during
development, including type of syntactic representation and labelling schemes
[38]. There are a number of syntactic representations or grammar formalisms
to choose from while designing a treebank, which are based on varying

linguistic theories and formalisms. For example, a phrase structure grammar
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representation hierarchically denotes constituents and phrases within
sentences, while a dependency grammar labels connections between words

within a sentence according to their functional roles.

Treebank development requires labelling schemes that define how linguistic
structures are represented and labelled in a treebank. They are often closely
linked to the chosen syntactic representation or chosen formalism. They are
also influenced greatly by specific linguistic phenomena of the language in
question. In addition, there are various ways of assisting treebank
development by leveraging from existing NLP resources such as POS taggers,

morphological analyzers and existing corpora [38].

In his work, Nivre [26] discusses theoretical assumptions that lay foundation
for dependency based analysis. These assumptions address issues including
level of representation, nature of lexical element, nature of dependency types

and criteria for identifying heads and dependents words in a sentence.

The first assumption is related to the layer of representation. The layer of
representation in dependency treebank development can be either mono-
stratal or multi-stratal. Mono-stratal representation describes the syntax
dimensions of a sentence which are word order, agreement and syntactic
valency [39] as it is depicted in Figure 2.6 below. Syntactic analysis requires
both a grammar and a parser, the output of which is a representation of the
sentence that reveals the structural dependency relationships between words

of a sentence [1].

Syntax

top:obj="
root

An-kC 'l o o' B AT~
astEr delkmWatal

Figure 2.6: Mono-Stratal Representation
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On the other hand, multi-stratal representation consists of both syntax and
semantic dimensions. The semantic layer handles semantic valency [39]. That
means, the semantic layer deals with analysis of meaning of words, phrases
and sentences [1]. In Figure 2.7, for example the syntactic and semantic
dimensions are illustrated on top and bottom of the words of the sentence

respectively.

argl ’_// arg2

root

Semantics

Figure 2.7: Multi-Stratal Representation

For these reasons, mono-stratal representation or syntactic analysis is
selected as a design aspect. The nature of dependency type or arc labels also
go with the syntactic representation rather than having a semantic role in the
abstraction. Grammatical functions such as subject, object, verb, noun

modifier, etc. are the choices which are made for the dependency types.

Once we decided the layer of syntactic representation, the next assumption is
to identify the nature of lexical element in the abstraction. Is the lexical
element morpheme? Word? Or multi-word unit? In this regard, Binyam [40]
has identified three problems including consonant length or germination, how
to represent compound words and how to segment content and functional

words that coupled together.

In case of germination, a word can have two meanings based on the context

in which the word is used. For instance, the word, ?71.0A can be read as
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/iemmiballa/ “the one who is eating” as an active form or read as /jammibballa/ “the
one who is being eaten” as a passive form. Similarly, the word AA can be read
as ald “he said” and can be read as alld “there is” depending on the situation.
In such cases, Binyam [40] propose to segment the words as ? A%°.& (1A A or

£ A" 2 -+ N& A depending on the context.

Compound words as identified by Binyam [40] can be written in three way.
Some words incorporate space between them like (+¢ -+ /’bunna bet”/ “bar” and
APC oo ["ajor mongod”/ “airline”. Others are separated by hyphen such as

a1-0C%t /”sine-sir?at”/ “procedures” and 0i-T00 /sino-tibob/ “art”. The third
way to write a compound word as a single unit. For example, .-+ hcate7 /boto
kirsitijan/ “church” can be written as (-+hcatf? /botokirsitijan/ “church” and
aofl 4P0T  /mosrija betoff/ “offices” can also be written as @as0AF
/mosrijabetotft/ “offices”. Therefore, compound words are better represented
by hyphen or written them as a single word as incorporating space between

them make word level analysis difficult.

In Amharic, a single orthographic word may contain functional words such
as prepositions, conjunctions, axillaries, and so on. That is, a single word can
be a phrase (Aa@ /lesow/ “ to human”), a clause (PULTFFS
/jommigopnutinna/“and those that are found/available), or even a sentence
(hdarF9° [ almottaffim/ “She did not come.”) [40]. In such cases, we need to
segment content and functional words. For instance, an orthographic word
AlG&1t [ laffonnafinnat/ “for a winning” incorporates a preposition A b “to/for”
a content word Al54rt /affonnafinnat/ “winning” and will be segmented into

A_AN947 according to the research work of Binyam.

Since Amharic is morphological reach language [41] and a single verb lexeme
can appear in more than 100,000 word forms [39], it is impractical to list all
possible word forms in the lexicon. For example, the word “a0c” /“sbr”/ “break”
can have different forms such as ané/“sbre”/, aNc /“sebr”/, aNC /“sbr”/, AONC
[“asebr”/, +anc /“tesber”/, +a0C /“tesbar”/, anNc /“sebaber”/, etc.. We can even list
same word with respect to person, gender and number. The nature of lexical

element, thus, will be morphemes as well as words.
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Another important assumption of dependency treebank analysis is to
distinguishing head and dependent words in a given sentence. To do so, there
are some criteria that have been proposed for identifying a syntactic relation

between a head H and a dependent D in a construction C [26] [31] [42].
e H determines the syntactic category of C and can often replace C.
e H is obligatory; D may be optional.
e H selects D and determines whether D is obligatory or optional.
e The form of D depends on H (agreement or government).
e The linear position of D is specified with reference to H.

Even if these criteria describe how to identify head and dependent words in
syntactic dependencies, it becomes clear that not all heads can satisfy all

these criteria in all constructions [43].

To elaborate these principles further, we need to first explain the types of
syntactic constructions from the perspective of dependency relations.
Syntactic constructions of sentences are either endocentric or exocentric, or
both depending on the distribution and relation between words [26] [42].

When we say a construction, it is either a phrase or a sentence.

If a syntactic construction consists of an obligatory word (head) linking with
one or more optional words (dependents) that subordinate or attribute to the
meaning of the head, the construction is called endocentric. In endocentric
construction, the head is functionally equivalent to the whole construction.
Such cases are usually exhibited in noun, verb and adjective phrases since
the dependents are subordinate to the head noun, verb and adjective in each
phrases respectively [26] [42]. In such constructions, the head word is

modified by the dependent word.
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“na fAC (L AND

/”Kasa yesar bet alew”/ (2.1)

“Kasa has a hut”

For example, in the sentence 2.1, “?ac 0+ /”yesar bet”/ is a noun phrase with
“0 /”bet”/ is the head of the phrase and “?ac” /”yesar”/ is a dependent word
that attributes to the head word. Additionally, the dependent word modifies
the head word and told us what kind of house it is. As a result, if we remove
the head word “0 “ /”bet”/from the whole construction “?4c 0t “/”yesar bet”/,
it loses its basic meaning intended to convey. The linear position of the
dependent word is also determined with reference to the head word as we

cannot say “0.F eac“/” bet yesar”/.

On the other hand, the opposite of endocentric construction is exocentric
construction where the head does not function like the complete construction

[26] [42]. The following prepositional phrase illustrate this.

“ann ok FRUCT L
/”eske tiliku tmhrit bet”/ (2.2)
“Until the big school”

Here the head of the phrase is “a0h/”eske”/ [44] that functions differently from
prepositional phrase. The remaining part of the phrase, conversely,
demonstrates endocentric relationship. The word "ta+” /”tiliku”/ is dependent
on and modifies "t9vct 01 /”tmhrit bet”/. Similar to sentence 2.1 above; if
we remove the word "tad®”/”tiliku”/ from the phrase, we are going to lose the

intended meaning.

Mostly exocentric relationship is exhibited among subject, object and verb of
a sentence. The verb of the sentence is the head of both the subject as well as
the object of the sentence [31]. The sentence (2.1) exemplifies this property.
The subject, object and verb of the sentence are “ha”/”Kasa”/, “eac 0t /"yesar
bet”/, and “h0@-" /”alew”/ respectively. Therefore, the exocentric relation exists

between “AA@~/”alew”/ and “ha”/”’Kasa”/; and between “4AA@~/”alew”/ and
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“C W /"yesar bet”/. The words complement each other to make up the big

sentence.

2.4.6. Treebank Data Format

Parsing systems such as MaltParser [30] and MSTParser [29] are language-
independent systems that allow users to build parsing models using their own
choice of treebank. Treebanks provide a rich representation of linguistic
details of a language and are a solid platform for linguistic analysis. In corpus
linguistics, linguists use treebanks to test linguistic theories and study
syntactic structures. Treebanks are also invaluable resources for the
development of many NLP applications, specifically data-driven parsers. The
information available to the parser normally contains: token, index of token,
lemma, part-of-speech tag, (optional morphological data), the index of the
head (where it attaches) and the description of that attachment (dependency

label). The result of parsing can be utilized for grammar checking.

In order to train and test a parsing system, the dependency tree structure
needs to be encoded in a suitable format. There are different formats used by
various researches including XML format where a sentence spans 3-4 lines of

meta-data [30].

<sentence>

<word form="This" postag="DT" head="2" deprel="SBJ"/>
<word form="is" postag="VBZ" head="0" deprel="ROOT"/>
<word form="an" postag="DT" head="4" deprel="DET"/>
<word form="old" postag="JJ" head="4" deprel="NMOD"/>
<word form="story" postag="NN" head="2" deprel="PRD"/>
<word form="." postag="." head="2" deprel="P"/>
</sentence>

<sentence>

<word form="So" postag="RB" head="2" deprel="PRD"/>

<word form="is" postag="VBZ" head="0" deprel="ROOT"/>
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<word form="this" postag="DT" head="2" deprel="SBJ"/>
<word form="." postag="." head="2" deprel="P"/>

</sentence

Figure 2.8: XML Format

Alternatively, a corpus can also be represented by a column-based format
where each token in a sentence is on a new line, each of which containing
part-of-speech information, dependency label and attachment information
[28]. A sentence consists of one or more tokens each of which are represented
on one line, encompasses ten fields separated by a TAB. This representation
is called either CoNLL-X [28] or CoNLL-U [45] formats. A CoNLL-U format is
a revised version of CoNLL-X format. In CoNLL-U format, the fields
dependency relation and miscellaneous replace the obsolete fields projective
head and dependency relation to the projective head of the CoNLL-X format
[45]. For example the sentence ‘They buy and sell books’ is represented by
CoNLL-U format below:

They ~ they  PRON  PRP  Case=Nom|Number=PTur nsubj  2:nsubj|4:nsubj
buy buy ~ VERE  VBP  Number=Plur|Person=3|Tense=Pres root  0:root
and and  CON)  (C cC 4:cc

sell sell  VERB VAP Number=P1ur|Per50n=3|Ten5e=Pre5
books  hook  NOUN  NNS  Number=PTur
. . PUNCT

con]  0:root|2:conj
0b] 2:007(4:0bj
punct  2:punct

o TN R S TEE Y N [
M Fed P P O e

Figure 2.9: Column-based format.
2.4.7. Universal Dependency

Universal Dependencies (UD) [46] is an initiative to develop cross-
linguistically consistent treebank annotation for many languages, with the
goal of facilitating multilingual parser development, cross-lingual learning,
and parsing research from a language typology perspective. The notion of UD
initiative is to provide a universal inventory of categories and guidelines to
facilitate consistent annotation of similar constructions across languages,
while allowing language-specific extensions when necessary. The UD project

has volunteer researchers from all over the world collaborating to make the
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largest multilingual collection of dependency treebanks. Besides providing
more treebanks for UD and expanding its reach to more languages, UD
contributors actively discuss data representation as well as morphological
and syntactic annotation. UD annotation standards are revised with each new
iteration in order to achieve treebanks that are more robust, successful, and
balanced in terms of the tradeoff between computational tractability and

linguistic correctness.

At the time of this writing, the most recent UD release was version 2.0 with
more than 100 treebanks and 60 languages [46]. This version is a milestone
because of its major leap from the last version, containing a number of radical
changes and improvements in both annotation schemes and general data

organization to accommodate a more diverse set of studies.

Currently, the data format being used in Universal Dependency is CoNLL-U
format [47] [48] [49]. As it is described in section 2.4.6 above, the CoNLL-U
formant has ten fields to represent a sentence. A sentence is broken into
individual words (tokens), each of which then analyzed based on the

standards and guidelines suggested by UD.

While preparing treebanks, tokens are going to be tagged with universal POS
tagsets and optionally with language specific POS tagsets. If language specific
POS tags are used, the treebank-specific documentation should define a

mapping from specific to universal POS tagset [45].

Similarly, tokens are annotated with morphological features such as gender,

person, case, definiteness, etc. from universal feature inventory [45].

The syntactic annotation of words describe the dependency relationship of
head and dependent words. The dependency relation value should be a
universal dependency relation or a language-specific subtype of such a

relation defined in the language-specific documentation [45].
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2.5. Amharic Language

Amharic /h®ICE| amargna, is a member of the Semitic branch of the Afro-Asiatic
language family. It is spoken by over twenty five millions people and is the
working language of the government of Ethiopia. The language has its
alphabet, /4.£4/ fidédl, inherited from the Geez (Ethiopic) language. Geez is an
ancient South Semitic language which now serves only as the liturgical
language of the Ethiopian Orthodox Tewahedo Church. Fidél is a syllabary
writing system where the consonants and vowels co-exist within each graphic
symbol. Fidal is written from left to right. The writing system consists of 33
consonants, each having seven orders or shapes depending on the vowel with

which a given consonant is combined [13].

In Amharic language, a unit of words can be morpheme, root and stem. The
smallest minimal unit of word is morpheme, which can either be free or
bound. A free morpheme can stand as a word by its own whereas a bound
morpheme cannot. An Amharic root is a sequence of consonants and is the
citation form of a word. It is the basis for the derivation of verbs. On the other
hand, a stem is a consonant or consonant-vowel sequence which can be free
or bound where a free stem can stand as a word on its own whereas a bound
stem has a bound morpheme affixed to it. In addition, it is part of a word that

never changes even when morphologically inflected [SO0].

2.5.1. Amharic Part of Speech

The dictionary definition of part of speech is a category to which a word is
assigned in accordance with its meaning, form or syntactic function. The
common part of speech of Amharic languages are noun, pronoun, adjective,

verb, adverb, preposition, conjunction and interjection [44].
Nouns

Amharic nouns are words used to identify objects such as a person, place,
things and ideas [44]|. Amharic nouns have the possibility to have up to two
prefix and four suffixes for each stem. Therefore, the suffixes of a noun stem are

gender, number, case and definite markers which are depicted below [50].
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Table 2.1: Amharic noun marked for gender, number and case

Gender marker Number marker Case marker
Word Masculine | Feminine | Singular | Plural Nominative | Accusative
“AB/ “AB/ BT | 6B CAB-RT | AR BT
T 7 jerit 1 lj-toc” " “lj-n”
“ner/ “0r’/ “0-AT7 | e/ -/ “ner/ 01-7/
“beg” “beg” “beg-it” “beg” “beg-‘oc” | "beg” “beg-n”
Pronoun

Words that can be used in place of noun are called pronouns. These include

personal pronoun, possessive pronoun, interrogative pronoun, demonstrative

pronoun and the likes [50] [S1] [44].

Personal pronouns comprises a set of pronouns that is associated primarily

with a particular person or thing. They are classified based on person, gender,

and number [50] [51] [44]. The following table exhibits personal pronouns

adapted from the research work of Tigist et al, [S0] .

Table 2.2: Amharic Personal Pronouns

“ATET/antu

=

Person Gender Singular Plural

Ist e NG

2nd Masculine SR/ ante” “hQ ¥/ nante”
Feminine AL/ ancl”

3rd Maculine “A77su “RI1+/ " nesu”
Feminine ha”/ sWa
Polite “ACAL”/ 7 1swo”,

Demonstrative pronouns show the place where an object is referenced. The

place where the object can be near or far from the person’s standing point,

who is referring the object [50] [S1] [44].
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Table 2.3: Amharic Demonstrative Pronouns
Number Gender Near Far

Singular Masculine “ey” /”yih”/ e 'ya’l

Feminine “OF ['yci”] “@UT” 'yhe”| | “PE” ['yaci’/

Plural “KAIY” ["enezih”/ “WIHE” ["eneziya”/

Another type of pronouns are interrogative pronouns which are used for

asking questions such as who, whom, whose, which, and what [S0] [51] [44].

Table 2.4: Amharic Interrogative Pronouns

For person | For things | For For time | For For
place condition | reasoning
“aqy] “goy/ e/ “an T/ “h1& T/ “N7™F/“lemn
“man” “mn” Tyet” "mecE” “ndEt”
Singular | “m7¥Y/ i W&/
“mann” “mnn’ "wedEt”
“Rory/ “eor/ “het/
Tyeman” Tyemn” “keyet”
“h-mT
"'ne-man”’

Plural “RI-YY

17

ne-mann

“hI-Py/

T'ne-yeman”

Negation | “m539°7/ i “Rge/

"manm” “mnm’” Tyetm”

Ry

“yemanm’™

Possessive pronouns replace nouns or noun phrases in a sentence and show
ownership. They are formed by prefixing personal pronouns with an Amharic

possessive marker “¢” /”ye” [50] [S1] [44]. For example, “Ch%” ["yene"/, “Chrt”
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['yeante”/, “ChA0” ["yesu”/, etc are singular and “PA5” /’yeNa”/, “ChG 71" ["yenante’/, etc are

plural possessive pronouns respectively.
Verbs

Verbs are words that describe about an action, a state or condition, or
occurrence of an event. Amharic verbs are very complex consisting of a stem
and up to four prefixes and four suffixes. They are inflected for person, gender,
number, and time with the basic verb form being third person masculine
singular. Verbs in passive voice are marked by suffixes that depends on

person and number.
Adjectives

An adjective is a word that describes or modifies nouns or pronouns and
appears before them. An adjective specifies the properties or attributes of a
noun or pronoun referent. The attributes of the referent can be shape,
behavior, color, etc. An adjective is inflected for gender, number and case in
a similar fashion to noun [50]. For example, in a phrase “i“> &¢” /”nec doro”/
“white hen”, the word “1%®” /”nec”/ is an adjective that give extra information

about the word “&¢” /’"doro”/.
Adverbs

Adverbs are word that modify verbs in terms of time, place, circumstances,
etc. For example, the word “N&rr”/“befitnet”/”quickly” modifies the verb
‘o)’ [“meta” /”came” in a sentence “A%. 0&1rt” /“liju befitnet meta”/”The came

quickly” [S0].
Conjunctions

Conjunction is a connecting word that is used to link words, phrases, clauses,
sentences, etc. Example:’as” /?ena”/, “aavri9®”/“silehonem”/  “nC

17’ ["negergin”/, etc [S0].
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Prepositions

Prepositions are words that are usually used before nouns to show their
relation to another part of a clause and they are limited in number. For

example, “4”/“le”/, “n”/”’ke” [, “a78” /’ende”/, etc. are prepositions [50].

2.5.2. Amharic Morphology

Amharic is a morphologically rich languages. Like other Semitic languages, it
exhibits a root-pattern morphological phenomenon. A root is a set of
consonants (also called radicals) which has a basic lexical meaning. A pattern
consists of a set of vowels which are inserted among the consonants of a root

to form a stem.

In addition to this morphological feature, applying different affixes on Amharic
part of speech (noun, verb, adjective, adverb, preposition, pronoun and

interjection) create inflectional and derivational word forms.

Derivational morphology is a process of affixation from which words are
formed with the same or different part of speech category. But it usually

changes the part of speech category.
Verbs

Amharic verbs are derived from nouns as ¢/ /mereze/ ‘he poisoned’ is
derived from the noun o°CH /merze/ ‘poison’. They are also derived from root
consonants by inserting vowels patterns. For example, when we insert the
pattern A-A (a-a) among the radicals of an Amharic root aIC /sbr/ means
‘break’, we get the stem ANC/sabbar-/. Attaching the suffix 4 (a) on the stem
gives AN /sabbara/ ’he broke’ which is the first form of the verb [41].

Nouns

Amharic nouns are modified by adjectives and serve as subject or object of a
sentence. Nouns are derived from other nouns, adjectives, roots, stems, and

the infinitive form of a verb by affixation. For example a noun &%
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Igregna/’pedestrian’ is derived from another noun Aa9c /Igre/’leg’ and a

morpheme A% /agna/ [41].
Adjectives

Adjectives in Amharic include all words that modify nouns and are derived
from nouns, stems or verbal roots by adding a suffix andC compound words
[41]. Adjectives are derived from nouns, stems or verbal roots by adding a
suffix and by intercalation. The suffixes -49°/-am/, -A%/-anna/, - A®/-awi/,
and -4971 /-ama/ are used in the derivation of adjectives from nouns. For
example, it is possible to derive v039 [habtam/ (rich, wealthy),
VAT /haylana/ (powerful, mighty), He*¢® [zamanawi/ (modern) and
L0091 /dIngayama/ (stony) from the noun v+ /habt/ (riches, wealth) , vga
/hayl/ (power, force) , He*? [zaman/ (period, epoch) and £7%7¢ /dInlgay/

(stone) respectively.

The other way of forming a word is called inflectional morphology which adds
affixes to mark syntactical functions of a word without changing its original

part of speech category. The affixes are prefixes, infixes or suffixes.
Verbs

Verbs are inflected for person (first, second, third), gender (masculine,
feminine), number (singular, plural), aspect (perfect, imperfect), tense, and

mood (declarative, interrogative, negative and imperative).

The prefix and the suffix for Amharic verbs are placed in four slots before and
after the stem. The prefixes are preposition (prep) or conjunction (conj),
relative (rel), negative (neg) and subject (sbj) markers that are positioned in
first, second, third and fourth sloths respectively. The other four slots after
the stem contain subject (sbj), object (obj) or definite (def), negative (neg) or

auxiliary (aux) or accusative (acc), and conjunction (conj) markers [12].
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v A 4 v
(preplconj) (reD) (neg) sbj STEM sbj (obj|def)(neglaux|acc)(conj)

| Y

PREFIX SUFFIX

Figure 2.10: Prefix and Suffix Arrangement of Amharic Verbs

Nouns

Amharic nouns are inflected for number (singular/plural), definiteness
(definite/indefinite), case (nominative/accusative/genitive/dative), gender
(feminine, neuter, masculine), etc. [13]. The suffixes &+ /-occ/, -h7 /-an/
and -4t /-at/ are used to inflect nouns for number. For example, -+ /betocc/
houses, ?9°V¢7 /mamhlran/ teachers and vis+t /hlsanat/ babies are plural

forms of v+ /bet/ house, ev9°vC /mamhlir/ teacher and v9? /hlsan/ baby [41].
Adjectives

Adjectives inflect for case, number, definiteness and gender in a similar
fashion to nouns. For example, a singular form of an Amharic adjective +a®
/tllk’/ ’big’ can be inflected for number to become #+4A% /tilalik/ which is in a
plural form [41].

2.5.3. Amharic Sentences

In general, a sentence is a set of words that is complete in itself, typically
containing a subject and predicate, conveying a statement, question,
exclamation, or command. A sentence is complete in itself means that it
expresses a complete thought or idea as it answers all or some of such
questions ‘Who?’ ‘What?’ ‘Where?’ ‘How?’ and ‘When?’

The subject of a sentence is the person or thing doing the action or being
described. A predicate on the other hand is the rest of the sentence which

tells us what the subject does or is and encompasses the verb and object of
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the sentence. The object of a sentence is a person or thing that is affected by
the action of a verb or involved in the result of an action, or a noun, pronoun

or noun phrase that represents that person or thing.

The same is true for an Amharic sentence. It is a set of words structured

together to expresses a complete ideas and thoughts [S1] [44]. For example:

1. +A® AF /tiliqu 1ij/ ‘The big boy’
2. (w¢ ¢ /behaya birr/ ‘with twenty Birr’
3. h¢t hrkAaA M /arat enqulal geza/ ‘bought four eggs’

If we consider all the three item separately, each of them do not give a

complete idea. But all the three make up one complete sentence.

tok OF (UE NC het RreAN M
/tiliqu lij behaya birr arat enqulal geza/
‘The big boy bought four eggs with twenty Birr’

The syntactic structure of an Amharic sentence exhibits subject object verb
(SOV) structure [12]. Modifiers precede the words or phrases they modify in

such structure.

An Amharic sentence is either simple or complex based on the number of

constructs involved in the sentence [S1] [44].

Simple Sentence

A simple sentence is a sentence with only one verb phrase. The above sentence

is a simple one since it has only one verb phrase which is ™ / geza/ ‘bought’.

There are four types of simple sentences: declarative, interrogative, negative

and imperative sentences.
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1. Declarative sentence is used to convey ideas, feelings and opinions the
speaker wants to express or declare about situations, happenings,

activities, actions, etc., that could be physical, mental, real or imaginary.
Examples:
0@ g9 10 / “sigaw choma new”/ ‘The meat is fatty”
AlvBC h0to14 PrT / Aster astemary honech/ ‘Aster became a teacher’
ha 0@ 108 %L /Kasa wede gebeya hede/ ‘Kasa has gone to the market’
AlEC 00T /Aster teshumalech/ ‘Aster has been appointed’

2. Interrogative sentence is a form of sentence that is used to ask questions
about the subject, the complement, or the action the verb specifies. It is
usually constructed with pronouns: “77 /man/ ‘who’, 9°7 /min/ ‘what’, ‘¢t
lyet/ ‘where’, ‘A&t [endet/ ‘how’ ‘»F /meche/ ‘when’, and A9°7 /lemin/ ‘why’.

Example: ha 9°7 h821? / Kasa min aderege?/’What did Kasa do?’

3. Negative sentence is a negative form of a declarative statement.
Example: ha 24 adNAa9® /Kasa misa alibelam/ ‘Kassa did not eat lunch’.

4. Imperative sentence gives a command or makes a request. The subject is

a second person pronoun and implied by the suffix on the verb.
Example: ooabt7 héto- / Meskotun Kifetew/ ‘Open the window’
A Am(L /libse etebi/ ‘Clean the clothes’

As it is describe in Figure 2.10 on section 2.5.2, an Amharic verb can have
four slots before and four slots after the stem. The four slots after stem are
suffixes one of which is subject marker of the verb in terms of gender,
number, person and definiteness. The stem of the verb héA+@- /Kifetew/ is
hét/kefete/. The subject features of hét+a- /Kifetew/ are, therefore, third
person singular masculine as it is analyzed by HornMorpho [52]. Similarly,

the subject features of Am(L /etebi/are third person singular feminine.
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Complex Sentence

A complex sentence on the other hand consists of one or more noun phrases,
adjective phrases and verb phrases combining in such a way that simple-

complex, complex-simple and complex-complex manner.

» Complex Noun Phrase (NP): contains an embedded sentence that serves as

a complement or gives more explanation to the head of the NP.

For example: [[tha (bt Poo0s-t [%A9T]
/Yekasa bet yemesirat alama/
The goal of Kasa to build a house

This is a NP whose head is the noun ‘“%A9?’ /alama/ ‘goal’. The complement
sentence ‘?ha (L eoo0s1’ /Yekasa bet yemesirat/ ‘of Kasa to build a house’

together with the head word forms a complex NP.

The embedded sentence can also give more explanation about the head

word.

For example: [ha Plm@- [P01-5 PZU% |]
/Kasa yeshetew yebirana metshaf/
‘The Birana book that Kasa has sold’

The head word is ‘@2ve’ /metshaf/ ‘book’ which forms a simple NP with
the word ‘¢0¢S’ /yebirana/ ‘The Birana’. The dependent clause ‘ha fima@-’
/Kasa yeshetew/ ‘Kasa has sold’ combines with the simple NP to form a
complex NP. The morpheme ©’ /ye/ ‘that’ in the dependent clause

indicates that the clause is subordinate and cannot stand by itself.

» Complex Verb Phrase (VP): also contain at least one embedded sentence or
more than one verb. The embedded sentence a dependent clauses that can be

complement or modifier the head word.
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For example: [N AAEC OL 778C W18 LeT] hO-BPA
/Kasa Aster wede Gonder ende hedech awkoal/
‘Kasa knew that Aster went to Gonder’

The embedded sentence ha AtvkC ®L 778C AL 48T /Kasa Aster wede Gonder
ende hedech / is a combination of a sentence AdkC ®L 778C %28+ | Aster went
to Gonder/ ‘Aster went to Gonder’ and the preposition ‘478’ /ende/ ‘as’.
The existence of ‘478’ /ende/ ‘as’ makes the embedded sentence dependent

clause.

2.5.3. Agreement in Amharic Sentences

The dictionary definition of agreement is when the words in a sentence match
each other according to the rules of the grammar. In other words, it is the

accordance of a verb with its subject and object.

The subject and object agree with the subject and the object features of the
verb in terms of number, gender and person. An adjective-noun agreement is
with regard to number and gender. An adverb also agree with the verb in

terms of time. For example: ‘At 407 @3+’ /esu esuan metat/ ‘He kicks her’

The subject, object and verb of the sentence are ‘4®’ /esu/ A7 /esuan/ and
‘o1’ metat/ respectively. The subject is singular in number and third person
masculine. The object is also singular, but third person feminine. The subject
feature of the verb is third person singular masculine, whereas the object
features of the verb is third person singular feminine. Therefore, the subject

and the object agree with the verb in the above example.

The common grammatical agreements in Amharic sentences are subject-verb,

object-verb, adjective-noun and adverb-verb agreements [50].
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Subject and Verb Agreement

A subject is the part of a sentence or clause that commonly indicates what it
is about, or who or what performs the action!. The subject is typically a noun,
a noun phrase, or a pronoun. In Amharic, a subject agrees with the verb in

person, gender, and number and appears at the beginning of a sentence [50].

In a sentence, “hd @L 10¢ %L” /”’Kasa wede gebeya hede”/ “Kasa has gone to
the market”; the subject “n4”/”Kasa”/is third person singular and masculine.
Similarly, the verb “28”/“hede”/”gone” is third person singular and
masculine. This shows that the morphological properties of both the subject
and verb agree. On the contrary, if one of the morphological properties do not
agree, the subject and the verb are said to be disagree. For example the
subject and verb of the sentence “ha @f ¢ %2e+” /” Kasa wede gebeya
hedech”/ “Kasa has gone to the market” are “h4”/”’Kasa”/and
“421” /“hedech”/ “has gone” respectively. The subject is third person singular

and masculine; whereas the verb is third person singular and feminine.
Object and Verb Agreement

An object is either a noun, noun phrase, or a pronoun that is affected by the
action of the verb2. Similar to subject verb agreement, the object of a sentence
should agree with the verb in person, number, and gender [S0]| [44].For
example, in a sentence “ha (L7 An@” /Kasa betun shetew/ “Kasa has sold the
house”; the object “0+7’/ betun / “the house” is third person singular
masculine agree with the verb “tm@”/shetew/ “has sold” which is also third
person singular masculine. If we change the verb “4m®”/shetew/to “G@nto-”
/shetechew/in the above example, the verb’s gender changed to feminine

which consequently does not agree with the object.

! The definition is taken from: https://www.thoughtco.com/subject-grammar-1692150
2 The definition is taken from: https:/ /www.thoughtco.com/subject-grammar-1692150
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Adjective and Noun Agreement

Adjectives in Amharic include all words that modify nouns and can be
modified by the word “0M¢*”/batam/ “very, greatly” [41]. Since an adjective is
inflected for number and gender [41] [SO] [44], it should agree with the noun
it modifies with respect to number and gender. To elaborate further consider
a phrase “veA%”/haylegna/ “powerful” “i40”/nifas/ “wind”. The adjective
“ve05” [haylegna/ “powerful” modifies the noun “740”/nifas/ “wind” and both

agree in number and gender, as they are singular masculine.

Adverb and Verb Agreement

Adverbs in Amharic modifies a verb or describes the action of a verb in terms
of time mostly [44]. Since an Amharic adverb is not inflicted [41], the
agreement between adverb and verb is concerned with time. For example, in
a sentence “ha 7t AP NC” /kasa tinant tamo neber/”Kasa was sick
yesterday”; the adverb "¢t ” /tinant/”yesterday” and the verb ”J-9° inc”
/tamo neber/”was sick” agree each other in time and both refer past action.
If we replace the adverb ”t¢7t 7 /tinant/”yesterday” with
“11” /nege /”tomorrow”, the verb does not agree with the new adverb which

refers future action.

2.5.4. Dependency Grammar for Amharic

Michael Gasser [39] has described dependency grammar for Amharic on how
to handle null subjects and objects; subject and object agreement; and
relative clauses. Null subjects and objects are handled by introducing empty
node in the tree. For example, the following sentence is depicted in figure 2.7

below.
e LOSTFAN
Yohansywedatal

‘Yohannis likes her.’
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SbJ \
Pch'ii ,E.m.*’-i Fa
yoHans ywerlatal

Figure 2.11: Empty node in Amharic Sentence
In Figure 2.11, the transitive verb “e®83A” ywedatal has no explicit object so

it is linked to an empty node.

An Ambharic transitive verb agrees with both the subject and object features
of a sentence. The subject agrees with the subject features of the verb and the

object agrees with the object features of the verb. Figure 2.8 demonstrates.

AOEC SAI0T TOLPAT
Aster Yohannisn twedewalec

Aster likes Yohannis

shj:sbj="
f_» ‘Dy :abj="

hkC PN TOLPAT
astkr yoHansn

twedewalec
Figure 2.12: Simple subject-verb and object-verb agreement in Amharic.

Relative verbs in a relative clause are treated as the heads of their noun
phrase. So verb’s subject, object or indirect object features must agree with

that noun. For example,
ANEC PP TMA@- @A E: Jravap
Aster yemtTelaw wendlj tameme

The boy that Aster hates got sick

In the sentence above, the object feature of the relative verb yemttelaw’ that
she hates’ agrees with the modified noun wendlj* boy’; both are third person

singular masculine. The subject feature of the main verb tameme* he-got-sick’
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agrees with the object feature of the relative verb; both are third person
singular masculine. The subject feature of the relative verb agrees with its
subject Aster; both are third person singular feminine. This is illustrated in

Figure 2.13.

shj:shj=obj

‘/Sljj:Sbj:\ Dbj:om:{* \
ANkC eI maa- U XN dreoao
astEr yemtTelaw wendlj tameme

Figure 2.13: A Sentence with Relative Clause

2.6. Summary

In this chapter we have reviewed important concepts and ideas that lay the
foundation for the research work. We have discussed what grammar checking
is and its implementation approaches along with their pros and cons. We have
also discussed constituency and dependency grammar formalisms with which
the knowledge of a language is represented. In dependency grammar
formalism, we have explained different aspects of the formalism including
dependency relation, dependency tree, dependency parsing and algorithm,
dependency treebank, dependency data format and universal dependency.
Finally, we have seen the grammars of Amharic language which encompasses
its morphology, different types of sentence both simple and complex, common

grammatical agreements and dependency grammars of the language.
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Chapter 3: Related Work

3.1. Introduction

Even if Amharic is the working language of the Federal Democratic Republic
of Ethiopia [13] and the second most speaking Semitic language, it is under-
resourced [39]. There are researches conducted on grammar checking with
different approaches for different languages. In this section, we have reviewed
related works on grammar checkers. These are Swedish Grammar Checking,
Dependency-Based Rules for Grammar Checking, and Amharic Grammar

Checking.

3.2. Swedish Grammar Checking

A hybrid Swedish grammar checker called Granska has been developed by
Rickard Domeij et al [7] with the aim of better efficiency and quality; and to
deal with special features in Swedish grammar and its grammatical
deviations. Granska is a hybrid system that uses surface grammar rules to
check grammatical constructions in Swedish. The system combines
probabilistic and rule-based methods to achieve high efficiency and
robustness. The researchers used manually tagged corpus for training. In the
process, Granska tokenizes given sentences into word and tagged with part of
speech by the tagger module using Hidden Markov Model (HMM). The output
of the tagger module is sent to the error rule component where error rules,
which are manually prepared, are matched with the text in order to search
for specified grammatical problems. The error rule module also generates
error corrections and instructional information about detected problems that
are presented to the user. Furthermore, the system contains a spelling
detection and correction module. The system provides noticeable results
especially the tagger module but generates false flags when given to
incorrectly tagged words. The performance of the system is the cumulative
effect of its individual elements. For example, the tagger module can process
22,000 words per second. However, the whole system can process only 2,800

words per second including the tagger module [7].
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3.3. Dependency-Based Rules for Grammar Checking

LanguageTool [18] is a modern rule-based open source grammar checking
system that supports 21 languages, nevertheless the number of grammar
rules ranges from 4 for Lithuanian to 1810 for French as of April, 2011. This
research is a possible extension of LanguageTool with dependency grammar.
The grammar checker treats input sentences as a sequence of tokens,
ignoring tree-like structure of natural language sentences. For example, an
indefinite article in English should never be used with plural noun. However,
the existing rules ignore the number of words between the article and the
corresponding noun. The proposed extension, therefore, helps to analyze
word-word relationships or nonlinear structure of a phrase. So that a variety
of grammar errors, including improper use of articles, incorrect verb
government, and wrong word form agreement can be handled. LanguageTool
uses third-party libraries for sentence splitting and part of speech tagging of
the input text. A dependency parser is applied to analyze nonlinear structure
of a phrase after which grammatical rules are prepared manually. The system
defines an XML-based language for describing rules. In its simplest form, a
rule is just a sequence of tokens to be matched in the text. The rules can be

authored by any interested contributors.

3.4. Amharic Grammar Checking

Aynadis Temesgen and Yaregal Assabie [12] conducted a research on Amharic
grammar checker. The grammar checker employs rule-based and statistical
approaches. The rule-based approach is applied on simple sentences.
However, the statistical one is used for both simple and complex sentences.
The sentences are analyzed based on the phrase structures of their
constituent words. The grammar checker uses manually-crafted rules as well
as morphological features of words and n-gram (bigram and trigram) based
probabilistic methods to check grammatical errors in the two approaches
respectively. The errors include adverb-verb disagreement, adjective-noun
disagreement, gender disagreement, person disagreement, number
disagreement and incorrect word order. Thus, unique sequences of POS

tagged words with higher probabilities are considered to be valid, which are
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going to be extracted and stored in a repository. The stored sequences of n-
gram probabilities are then applied and compared against the sequences of
input sentences to check grammatical errors. During testing, the performance
of the system indicates that as the number of sequences in the n-gram model
increase, precision and recall of the system increase as well. In contrast, it is
difficult to detect grammatical errors as the complexity of phrases structure
increase. The reason is, the researchers argue, that complex phrase structure
cannot be directly modeled by either bigram or trigram models. Other factors
that hinder the performance of the grammar checkers are ineffective
morphological analyzer and poor quality corpus having wrongly tagged as well
as misspelled words. However, the researchers suggested that the
performance of the grammar checker can be improved by using a parser,
where grammatical error checking can be then done at various levels in line

with the parse result [12].

3.5. Summary

In this chapter, we reviewed researches conducted on grammar checker. Both
phrase structure and dependency-based grammar formalisms were employed
along with rule-based, statistical, and hybrid implementation methods to

design the grammar checkers.

Throughout the review, we realized that phrase structure grammar cannot
model natural language sentences directly as the complexity of the phrase
structure increases. This grammar formalism also lacks to understand or
analyze word-word relationships or nonlinear structure of members of a
sentences. Conversely, dependency based grammar formalism can handle
tree-like structure of a natural language. That is, the grammatical
relationship between two words can be handled with dependency-based
grammar formalism irrespective of the number of words between them. We
also learnt that the relationship between words can be captured by integrating

dependency parsing before checking grammatical errors.
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Taking these factors into account, we selected dependency based grammar
formalism to analyze the structure of Amharic sentences and dependency

based parsing algorithm to find word-word relationships.
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Chapter 4: DBAG-Checker

4.1. Introduction

This Chapter presents the details of Dependency-Based Amharic Grammar
Checker. Architecture of the proposed Model and its individual components
are described in this Chapter. Dependency parsing is applied to obtain a pair
of head-dependent words. Grammatical agreement checking is finally applied
on the pair of words. The types of agreements include Subject-Verb, Object-
Verb, Adjective-Noun and Adverb-Verb agreements. The Grammar Checker
accepts input sentence, arranges the words of the sentence into ten fields of
TAB separated format including POS and morphological features of each
word. The result of which is parsed with an induced dependency model that
helps to predict head and dependent words along with their dependency
relationships. The outcome of the dependency analysis is further examined in

accordance with Amharic language grammar structure.

4.2. System Architecture

The diagram depicted on Figure 4.1 shows the proposed architecture of
Dependency-Based Amharic Grammar Checker. Formatting input sentence,
Dependency Parser and the Grammar Checker are the three major parts of
the system. The system first accepts Amharic sentences which need to be
formatted in such a way that the dependency parser understands. So, the
sentence is tokenized into individual words each of which listed in a new line.
These words are then analyzed with tagger to obtain XPOS, UPOS and
morphological features of them. The tokenizer and the taggers are induced by
UDpipe. Even though the induced dependency parser understands the input
sentence in CoNLL-U format with ten columns separated by a single tab
character, the outcomes of formatting module only encompasses the first six
columns. The seventh and eight columns are predicted by the dependency
parser, which are head and dependency relation respectively. Here, the
parser is induced by MaltParser after exploring and experimenting the
dependency parsing algorithms available in the tool. Therefore, the parser

helps to identify a pair of words having dependency relationship. This
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relationship is then extracted along with the two words’ morphological

features in order to check grammatical agreements of these words.

CoNLL-U Dependency
Formatting Parsing
v ! Predicting Head
Universally __p| and Dependent
Input I Annotated Words
Sentences Sentenc l
Predicting
Morphological Depefldenc:y
Features Relationship
Tokenization Annotator
4
\ 4 : w
o UPosS | Dependenc
. Lt a ep y
Tagging Tagging Parsed
Sentence

Grammar Checking

\ 4

Message | b < Relationship

Checking Extraction

Figure 4.1: Architecture of Dependency Based Amharic Grammar Checker

4.3. CoNLL-U Formatting

The CoNLL-U formatter encompasses tokenizer, XPOS tagger, UPOS tagger
and morphological feature annotator. The formatter is concerned with
converting the input sentence into suitable format that fit the dependency
parser requirement. The data format that the dependency parser understands
is either in CoNLL or XML format. In section 2.4.6, we have seen two data
formats (XML and CoNLL) that the dependency parser understands. The data

format that we decided to use is CoNLL-U since the corpus [47] used to train
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the parser is in CoNLL-U format. This activity is going to be done by an
induced model using UDpipe [53].

UDPipe is a trainable pipeline for tokenization, tagging, lemmatization and
dependency parsing of CoNLL-U files. It is language independent tool which
can be trained given only annotated data in CoNLL-U format [53]. By default,
UDpipe trains three component models: tokenizer, tagger and parser. Here,

the tagger incorporates lemmatization and morphological feature annotation.

The input sentence formatter has got three phases: word tokenizing, POS

tagging and morphological feature annotation.
4.3.1. Word Tokenizing

Word tokenization is a process of segmenting an input sentence into
individual words based on the space character between them. Each line
contains a single word and word index starting from one for each new
sentence.

IOt 0L TILC Lo

/Tamirat wede Gonder hede/ 4.1)

"Tamirat went to Gonder”

For example, sentence 4.1 is tokenized and indexed as follows.

1 &t
2 @of
3 1860
4 2%
s 5

Figure 4.2: Sentence Tokenization

During tokenization, we might encounter content words coupled with
functional words. In such cases, we will follow the assumptions discussed in

section 2.4.5.
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“Ann hig. avmz”
/Abebe ksira meta/ (4.2)

"Abebe came from work."

For example, the word ha¢-/” ksira”/“from work” in sentence 4.2 contains
content word mingled with functional word. If we treat it as a single word, it
creates ambiguity during POS tagging which results in a wrong head-
dependent relationship prediction during parsing. The word “h”/k/ “from” is a
preposition whereas the word “0¢”/sira/”work” is a noun. Therefore, the
functional word “h”/k/ “from” should be segmented from the content word

“f¢” [sira/”work” as depicted in Figure 4.3.

(S T N FU Ry
é::ggw%

Figure 4.3: Content and Functional Words Segmentation

Therefore, the outcome of word tokenization is a representation of words of a
sentence in two columns. These are index of the words and word forms or

punctuation marks as it is illustrated in Figure 4.3.

4.3.2. Part of Speech Tagging

The first two columns of the dataset is constructed by word tokenization
module. Here, POS of the word form and its lemma are tagged based on UD

specification.

Binyam [47] defines POS tagsets based on UD specification. As it is depicted
on the table below, the universal POS tagset and Amharic-specific tagset have
been mapped to create cross-linguistically consistent annotation schema. In
other words, it is possible to convert Amharic-Specific tags into corresponding

UD tags.
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Table 4.1: UD POS tag and Amharic-Specific tag-sets

UD POS Amharic tag-set examples

A D] AD) “révdp “big ”

ADP ADP i “from™

A DY ADW N “very™

AU X AU X A “verb to be™

CCOMNI CCOMNI 1% “but”

DET DET 2y “this™

IMNJ IMNJ v “oh™

NOUTN NOUN n<1 “sheep™

PART ACC * “accusative case™
NEG AN “without a woman™
RLP ¢ oo "who came”™
IRLP AL oo "who will come™
MNCM Ad oo™ T2 "He didn’t come™

PROMN [PROMN A Tyou”
OBIC 1c_h- A Ul told her™
SUBJC e A “he went™
POSM -~ & “mvy house™

PROPM PROPN i “Kassa™

PUNCT [PUNCT == "period/fulstop™

SCOMN] SCOMN] A "because™

SY M SY M ETE78

VERB VERB na “cat™

LY > other

Continuing the construction, this module augments the third, fourth, and
fifth fields on the result of word tokenization. So the tokenized word of the

sentence 4.1 and 4.2 are tagged based on the annotation schema defined.

FeT FeT NOUN NOUN
@¢ @¢ ADP ADP

NOUN
¢ 3£ VERB VERB

2
2
:
:

n h PREP PREP
0é¢ ¢ NOUN NOUN
aoq @oq VERB VERB
% @  PUNC PUNC

e L L a2

Figure 4.4: POS Tagging of Sentence 4.1 and 4.2
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4.3.3. Morphological Feature Annotation

The six column in CoNLL-U representation is the FEATS field. It contains a
list of morphological features separated by vertical bar (|) and with

underscore to represent empty list.

Morphological features are represented as attribute-value pair, with an equal
sign separating the attribute from the value sorted alphabetically by attribute
name. There are cases where an attribute can have multiple values which are
separated by comma alphabetically sorted: case=Acc, Det. In sorting,

uppercase letters are considered identical to their lowercase counterparts

[46].

Similarly, morphological features for Amharic are defined in Universal
Dependencies for Amharic [47]. Morphological features of Amharic words

result from the process of either inflection or derivation.

Table 4.2: Morphological Features

Category |Features |Tag Description
Gendor Mas Masculine
. Fem [ Feminine
Nominal . Com | Common gender
Mumber Sing Singular
Plur Plural
|Coll |Collective
| Verb Form [ Conw [ Converb
[ Inf ‘ Infinite
[ Wnoun | Verbal noun
-x'oi(_'e I Pass [ Passive
Mid Middle
[Rc p - Reciprocal
Cas Causative
Verbal 'Tense [ NPas | Future/Present
- Past - Past
-A:-'-erE [ Imp [ In perfect
! Perf ! Perfect
Prog Progressive
[ Presp | Frospective
Polaritwy Neg MNegative
[ Pos | Affirmative
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The morphological features of sentence 4.1 and 4.2, therefore, are:

1 et FPt NOUN NOUN Gender=Masc|Number=5ing|Person=3

2 ©f ©f FPREP PREP

3 418G 118G NOUN NOUN Number=5ing|Person=3

4 g€ ¥f VERB VERBE Gender=Masc |Number=5ing|Person=3|Tens=Past|Voice=Act
5 & @ PUNC  PUNC

1 A00 AQ) NOUNNOUN Gender=Mas | Number=5ing|Person=3

2 h h PEREP PREP

3 hd& hé NOUN NOUN Number=5ing|Person=3

3 oo oo VERB VERB Gender=Mas |Number=5ing| Person=3|Tens=Past |Voice=Act
4 i i PUNC PUNC

e w

Figure 4.5: Morphological Features of Sentence 4.1 and 4.2
4.4. Dependency Parsing

Once input sentence are changed into CoNLL-U format, the parser identifies
the head and dependent words together with their dependency relationships.
Here, the parser is a data-driven model which is trained by a dependency

treebank adapted from the research work of Binyam et al [47].

The parsing system used to model the parser is MaltParser [30]. It is a
language independent system that generates a parsing model by learning the
statistical composition of treebanks. The model then parses an input
sentences based on previously learned sentence structure. In other words, it
predicts the head and dependent words of the given sentence
deterministically. Likewise, the parser predicts dependency relationship of
head and dependent words that learned from the treebank. For example, in a
sentences A%. oM ’ the boy comes’, A% /liju/’the boy’ is the subject and oo
/ meta/’comes’ is verb of the sentence respectively. Therefore, the head and
dependents of the sentences are o»Mm and &% respectively, and their

relationship is represented as a pair of words in the form of nsubj (eom, &%.).

The parser works in such a way that it accepts sentences in CoNLL-U format
in which all fields are populated with the required information except HEAD

and DEPREL fields. The parser then predicts HEAD and DEPREL values.
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Since MaltParser implements a number of algorithms, it is required to
carefully design and rigorously experiment to find out a better combination of
the learning and parsing algorithms. Details of the experiment is presented in
Chapter 5. Therefore, we have tailored the following procedure to design and

induce the parsing mode.

1. Create a separate paring model with MaltParser for each algorithms
that MaltParser implements.

2. Train each model with a corpus taken from Universal Amharic
Dependency Treebank [47] for development which is 20% of the whole
corpus

3. Test each model with a similar corpus but manually tagged ones and
compare the results

4. Select the best model based on the evaluation and train it with the
remaining 80% of the corpus. This would give us the final parsing

model.

Continuing the modeling process on sentence 4.1 and 4.2, they are parsed as

follows with the selected parsing model.

hd b4 NOUN  NOUN  Gender=Masc|Number=Sing|Person=3 4 nsubj

1
2 ©Of of PREP PREP 3 adimd

3 JSG{IECNOUN  NOUN  Number=Sing|Person=3 4 bl =
4

N}

4 Y& VERB VERB  Gender=Masc|Number=Sing|Person=3|Tens=Past|Voice=Act (0 root
§ & CPUNCT PUNCT 4 pungh

K0 KO) NOUN  NOUN  Gender=Masc|Number=Sing|Person=3 4  naubj

b b PREP PREP 3 adimd

O b NOUN  NOUN  Mumber=Sing|Person=3 4 gbl =

@ of VERB  VERB  Gender=Masc|Number=5ing|Person=3|Tens=Past|Voice=Act 0 root
& & PUNCT PUNCT 4 pungh

[ BT e .

Figure 4.6: Parsing Results of Sentence 4.1 and 4.2
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The corresponding parse trees are:

nsubj root

adjmod obl punct

G e - il

Figure 4.7: Parse tree of Sentence 4.1

nsubj root

adjmod obl punct

=

e L H E

Al h

Figure 4.8: Parse tree of Sentence 4.2

4.5. Grammar Checking

The grammar checker consists of two basic modules — the module of
relationship extractor and the module of agreement checker. Since the
approach to the problem of grammar checking is dependency syntax, the
relationship of the pair of words is going to be extracted from the result of
dependency parsing. The result of relationship extractor makes it possible to

find out the grammatical agreement of the paired words.

4.5.1. Relationship Extraction

At this point, the dependency structure of sentences have been recognized
through CoNLL-U formatter and dependency parser, but the information is
not fine-tuned to evaluate if head-dependent words are in agreement.
Therefore, we need to make the result suitable for agreement checking in the
form of relationship which is then defined by five parameters for each word
extracted from the parsing result. The parameters are ID, FORM, UPOS,
FEATS and DEPREL. The ID field specifies where the word exists in the
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sentence. The FORM parameter is the actual lexical word. The UPOS is the
universal POS tag of the word, the FEATS is the morphological features of the
word such as gender, number, person, tens, aspect, etc. And the DEPREL
parameter is the relationship between the head and dependent words. As a
result, a relation is defined by five parameters of the dependent word and five
parameters of head word as illustrated in Figure 4.9 below. The function
getHead () returns the id of the head of the current word. So that, we can
check the agreements between the paired words in terms of number, gender,

and person.

Sentence

Word Word Word

ID ID ID
FORM FORM FORM
UPOS UPOS UPOS
FEATS FEATS FEATS
DEPREL DEPREL DEPREL

Word
ID
FORM
UPOS

FEATS
DEPREL

getHead() getHead() getHead() getHead()

Figure 4.9: Illustration of Sentence Object

Based on the relational model depicted above, a parsed sentence definitely
have more than one relational pair that determine the size of the relational
dataset during construction. For example Sentences 4.1 has four pair of
words (ha , B8) (@L , 178C) (728C , BL) (3L =) and (:%L) and their corresponding

dependency relations are nsubj, adjmod, obj, root and punct respectively.

nsubjy ("ha', "E£")
adijmod ('@L£', "TiEC')
obl ('"¥iEC', "iIR')
root ('"EE', '=')
punct ('u#', "EE')

Figure 4.10: Head-Dependent Relationship of Sentence 4.1
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The root and punct relationship which exist between root word “42” and a
punctuation mark “#”; and between the punctuation mark “z” and the root
word “22”. Here we ignore the root and punct relationships as they do not have
significance for agreement checking. Therefore, the head-dependent

relationship of Sentence 4.1 encompasses three relationships:

nsubj ('ha', "ZR')
adjmod ('@R', '¥IRC')
obl ('7%8C', '"ZE')

Figure 4.11: Filtered Head-Dependent Relationship of Sentence 4.1

So the head-dependent relationship of input sentences are extracted

through Algorithm 4.1.

BEGIN
READ parse sentence from file
INIT train to sentence, heads list[], forms list[],relations list[]
FOR each value in train
FOR each token in train
ADD head token in heads list
ADD form token in forms list
ADD deprel token in relations list
SET x to the length of heads list
SETito0
FOR i in range of x
SET h to the i" head minus one word in the forms list
SET d to the i word in the forms list
SET rel to the i relation in the relations list
CHECK IF rel of i is not root or punct
OUTPT rel, dand h  //which represent the dependent and head words respectively
END

Algorithm 4.1: Head-Dependent Relationship Extractor
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4.5.2. Agreement Checking

In section 2.5.3, we have seen common grammatical agreements in Amharic
sentences of SOV structure. The type of agreements are in accordance with

the type of grammatical relationships returned from the parser.

The parser returned four dependency relationships including nsubj, obj,
advmod and amod in the above example. These relationships are mapped to
the agreements identified previously. The nsubj is subject verb agreement, for

instance.

Table 4.3: Grammatical Agreement-Dependency Relationship Mapping

No Common Grammatical Agreement Dep. Relationships
1 Subject-Verb-Agreement nsubj

2 Object-Verb-Agreement obj

3 Adverb-Verb-Agreement advmod

4 Adjective-Noun-Agreement amod

In order to check agreements based on dependency relationship mapping, we
need to first extract morphological features of head and dependent word and
represent them in a dictionary. Dictionary is a way of representing information
in the form of key-value pair data structure. Each key-value pairs are
separated by a comma. The keys and values however are separated by a colon.
All the key-value pairs are enclosed by a curly braces to make up a single
dictionary. The value of a particular item is traversed through the associated

key item.

{keyi:value;, keya:values, keys:values ...keyn:valuen}

Figure 4.12: Dictionary Data Structure of Morphological Features

For example, the linguistic information of “h4” /Kasa/ are third person

singular masculine and its head is “42”/Hede/ which is also a third person
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singular masculine but in past active voice verb form. Therefore, their

dictionary representations respectively are:

{Gender: Masc, Number: Sing, Person: 3}
{Gender: Masc, Number: Sing, Person: 3, Tens: Past, Voice: Act}

Next we are going to look for the common keys of the two dictionaries. Since
we do not specify the same morphological feature value more than once for
the same word during input sentence formatting, the keys of the dictionaries
are unique. The common keys of “hq4” /Kasa/ and “482”/Hede/are Gender,

Number and Person.

BEGIN
READ parse sentence from file
INIT train to sentence, heads list[], forms list[],relations list[], morph_featurs[]
DEFINE dep_morp_feats[],head_morp_feats|[], common_key |]
FOR each value in train
FOR each token in train
ADD head token in heads list
ADD form token in forms list
ADD deprel token in relations list
ADD feats token in morph_featurs list
/ /Search for morphological features of dependent words
FOR i in range of list of words
ADD the itritem in morph_featurs to dep_morp_feats
/ /Search for the morphological features of head words
SET x to the length of heads list
SETito 1
FOR i in range of x
SET j to the it head word in the head list
ADD the (j-1)t» morph_featurs to head_morp_feats
/ /Looking for common keys
FOR i in dep_morp_feats
IF i in head_morp_feats AND ith key of dep_morp_feats = ith key of head_morp_feats
ADD i to common_key

END

Algorithm 4.2: Searching for Common Keys
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———————————————— Common Keys—————m————————————————
Number
Fender
Person
Number
Person

Figure 4.13: Results of Algorithm 4.2

The result of Algorithm 4.2 is the common keys of each relation. As depicted
above, there are duplicate values. But these keys are for different relations.
The first three keys are for relation nsubj that occurs between the subject and
the verb. The other two keys common keys of the object and the verb of the

sentence.

These common keys help us to compare the values of the two dictionaries.
When we traverse through the two dictionaries of the paired words using the
common keys, we compare the associated values of the two dictionaries. For
example, the first key among the common items is Gender. Then, we compare
the values of Gender of the two words - “h4” /Kasa/ and “42”/Hede/. The
Gender comparison returns true for nsubj relation between “h4” /Kasa/ and
“¢2f” /Hede/. It continues the comparison for person and number. However,
there is no comparison for tens and voice as there are no corresponding items

for the noun “hd” /Kasa/. We make similar comparison for the remaining

common keys and relations which is depicted below in Table 4.4.

Table 4.4: Comparison of Words of Input Sentences 4.1

Relation Dependent | Head Comparison Keys
Gender | Person Number
nsubj(na, %e) | h4 %8 True True True
adjmod(@L , 178C) | @L 7280 NA NA NA
obj(778C , 2L) 778C %8 NA True True

If the two words in the relation do not have common keys, we do not compare

the relation exist between them. For example, the relation adjmod between
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“of”wede/ and “I7LC”/Gonder/ does not have common keys for comparison. The
morphological features of “®f”’/wede/ is empty set. Since an empty set is a
subset of every other set, the common set of the adjmod relation is empty set.
Therefore, the adjmod is not considered to determine the grammatical
agreement of sentence 4.1. Similarly, the common key Gender is not used to
compare the object verb relation as it is not the morphological features of the

objet “172c”/Gonder/ even if it is of the verb “4£”/hede;.
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BEGIN
READ parse sentence from file
INIT train to sentence, heads list[], forms list[],relations list[], morph_featurs]]
DEFINE dep_morp_feats[],head_morp_feats[], common_key |]
FOR each value in train
FOR each token in train
ADD head token in heads list
ADD form token in forms list
ADD deprel token in relations list
ADD feats token in morph_featurs list
/ /Search for morphological features of dependent words
FOR i in range of list of words
ADD the ithitem in morph_featurs to dep_morp_feats
/ /Search for the morphological features of head words
SET x to the length of heads list
SETito 1
FOR i in range of x
SET j to the itr head word in the head list
ADD the (j-1)t» morph_featurs to head_morp_feats
/ /Looking for common keys
FOR i in dep_morp_feats
IF i in head_morp_feats AND ith key of dep_morp_feats = ith key of head_morp_feats
ADD i to common_key
/ /Agreement checking
FOR i in range of word list
Assign the ith common_key to k
IF the kth element of head_morp_feats is equal to the kth element of dep_morp_feats
OUTPUT The agreement based on the relation and comparison key
/ /Disagreement checking
FOR i in range of word list
Assign the ith common_key to k
IF the kth element of head_morp_feats is equal to the kth element of dep_morp_feats
OUTPUT The disagreement based on the relation and comparison key

END

Algorithm 4.3: Agreement and Disagreement Checking
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The subject and the verb agree on{'Gender': {'Masc'}, 'Number': {'Sing'}, 'Person': {'3'}}
The object and the verb agree on{'Number': {'Sing'}, 'Person': {'3'}}

Figure 4.14: Agreement Checking Result of Sentence 4.1

Finally, it returns a message about the agreement type along with the
linguistic information that the pair of words agree with. As depicted in Figure
4.14, the subject and the verb agree with respect to Gender, Number and
Person. That is both the subject and the verb are third person singular
masculine. The object and the verb also agree on number and person as both

are third person singular.
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Chapter 5: Experiment

5.1. Introduction

One of the objectives of this study is to develop a prototype for dependency
based Amharic grammar checker. The prototypes include tokenizer, part of
speech tagger, dependency parsing models and agreement checking of a pair
of words of a sentence. In this chapter, therefore, we are going to discuss
evaluation metrics, dataset preparation for testing and inducing tokenizing,
tagging and parsing model as well as the grammar checker. We also discuss
the experiment how an efficient models are selected, and finally discuss the

respective test results.
5.2. Evaluation Metrics

The evaluation metrics employed in this study are accuracy, precision, recall,
and F1. They are used for assessing the performance of tokenizer, tagger and
agreement checker. These metrics are measured based on the result of the
predictions of an induced models. The prediction of a model can either be
true, which is correctly classified, or false representing misclassified result.
Here, the result of the classification is four in number which are described by
confusion matrix as shown in Table 5.1. The row of the table represents the
predicted class, while the column represents the actual class. From this
confusion matrix, TP and TN denote the number of positive and negative
instances that are correctly classified. Meanwhile, FP and FN denote the

number of misclassified positive and negative instances, respectively [54].

Table 5.1: Confusion Matrix

Actual Positive Class | Actual Negative Class

Predicted Positive Class | True Positive (TP) False Negative (FN)

Predicted Negative Class | False Positive (FP) True Negative (TN)
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The evaluation metrics can be determined based on the confusion matrix:

» Accuracy measures the ratio of correct predictions over the total

number of instances evaluated and is defined by:

TP+TN

Accuracy = ————
y TP+FP+TN+FN

, where TP is true positive, TN is true negative,

FP is false positive and FN is false negative
» Precision is used to measure the positive patterns that are
correctly predicted from the total predicted patterns in a positive

class. It is determined by:

TP
TP+FP

Precision =

» Recall is used to measure the fraction of positive patterns that are

correctly classified and can be determined by:

TP
TP+TN

Recall =

» F1 represents the harmonic mean between recall and precision values.
It is defined by:

2 * Precison * Recall
F1 =

Precision + Recall
For dependency parser, we are going to use labeled attachment score (LAS)

and unlabeled attachment score (UAS) [20].

» LAS (Both Right): A token is counted as a hit if both the head and the
dependency label are the same as in the gold-standard data.

» UAS (Head Right): A token is counted as a hit if the head is the same as
in the gold-standard data.

5.3. Development of Tokenizing and Tagging Model

Development of tokenization and tagging model require training data in
CoNLL-U format. Among the morphological fields of CoNLL-U format, XPOS,
UPOS, lemma or stem and morphological features are used by UDpipe to build
tokenization and tagging model depending on the availability of the fields in

the training data.

UDpipe makes use of CoNLL-U formatted sentences to induce a model [53].
When developing a tokenizer and a tagger, we utilized Universal Amharic

Dependency Treebank [47]. The Amharic treebank contains 1075 sentences
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among which 80% or 860 sentence are used for training the model whereas
the remaining 20% or 215 are used to evaluate the induced models. In
addition the models are evaluated by row corpus collected from Ethiopian

Reporter News Paper (online).

During development, we apply different options depending on the model we
build. For example, the tokenizer recognizes options such as epochs, batch
size, learning rate and dropout. The tagger also recognizes hyperparameters
that need to be optimized. These are lemma, XPOS, features, guesser rules

and guesser dictionary [53].

During hyperparameter search, the options of tokenizer have the following

values:

e Epochs: its default value is 100

e Batch size is uniformly chosen between 50 and 100. Its default value is
50.

e Learning rate is range between 0.0005 and 0.01. The default value is
0.005.

e Dropout: its default value is 0.1.

Similarly, the options of the tagger have different values. The guesser rule and

guesser dictionary have default values of 8 and 6 respectively.

5.3.1. Testing and Evaluation

There are six models experimented for tokenization based on the properties
defined on Table 5.2.

Table 5.2: Hyperparameter values for Tokenizer

Hyperparameters | Tokenization Models

A B C D E F
Epoch 50 60 70 80 90 100
Batch_size 50 60 70 80 90 100
Learining rate 0.0005 | 0.0025 | 0.0045 | 0.0065 | 0.0085 | 0.01
dropout 0.1 0.2 0.3 0.4 0.5 0.6
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For tagging, we obtained five models by varying guesser rules and dictionaries

staring from their default values for experimentation. The properties of the

models are presented on Table 5.3.

Table 5.3: Hyperparameter values for Tagger

Hyperparameter | Tagging Models

A B C D E
Guesser_rules 8 9 10 11 12
Guesser_dictionary | 6 7 8 9 10

We use UDpipe for evaluating the result of the models which depicted on Table

5.4 below. UDpipe uses precision, recall and F1 to evaluate tokenizer. The

performance of the models are evaluated against the data reserved for testing.

Table 5.4: Evaluation result of Tokenizer Generation
Models | Precision | Recall F1
A 98.16 40.96 57.80
B 98.16 40.96 57.80
C 98.16 40.96 57.80
D 98.16 40.96 57.80
E 98.16 40.96 57.80
F 98.16 40.96 57.80
Similarly,

sentences

evaluate the accuracy of the models which are described on Table 5.5.

the performance of the taggers are evaluated against the test

obtained from Amharic Dependency Treebank. UDpipe is used to

Table 5.5: Evaluation result of Tagger

Tagger UPOS tag | XPOS tag | feats Lemma
A 84.84 83.43 88.54 100
B 84.16 82.86 86.61 100
C 84.42 83.22 87.39 100
D 84.68 83.38 88.38 100
E 83.59 82.39 86.87 100
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5.3.2. Discussion

The evaluation result of the tokenizer shows that all the models experience
the same result irrespective of the hyperparameters value variation. The
precision, recall and F1 of the model are 98.16%, 40.96 and 57.80
respectively. This implies that we can use one of the models for tokenizing

input sentences.

Conversely, the evaluation of the tagger shows different results when we vary
the hyperparameter values. The evaluation matrix for tagging is accuracy of
UPOS tag, XPOS tag, feature annotation and lemmatization. Based on the
result, the same characteristics is returnee for the lemmatization guesser.
Therefore, the result of lemmatization is not considered to select the best

model.

Accordingly, the model that returns best accuracy is TaggigModel A. Its
accuracy for UPOS tag, XPOS tag and feature annotation are 84.84%, 83.43%
and 88.54% respectively.

Therefore, a single model has been induced for tokenizer and tagger by

combining the properties of the best models generated during experiment.

When we apply the induced models on raw text collected from newspaper, the
evaluation result is different. The text contains 13 paragraphs, 24 sentences
and 682 tokens including punctuation marks. The tokenizer showed good
results given a single sentence on new line and a space between successive
tokens. It exhibits nearly 100 % accuracy provided that the input text
manually separated sentences. However, it mingles one sentence with the
other if it is provided with the raw text as it is. Specifically, it does not
recognize sentence end marker such as four points. Another drawbacks of the
tokenizer is that it tokenizes a word together with a punctuation mark as a
single token if there is no space between them. Its evaluation result, therefore,
varies depending on how we provide the sentences to the tokenizer. If each
sentences are in a new line and, the tokenizer recognizes each sentences and

tokenize them accordingly.
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In a similar fashion, the tagger has been evaluated. The result of the tagger is

poorer than the tokenizer. It correctly tags 294 tokens out of 682 tokens. To

be precise, its accuracy is 43.11% as shown in Table 5.6 below.

Table 5.6. POS Tagging Result

POS Correct Incorrect Total | Accuracy = Correct Tag / Total
Tag Tag Tag

ACC 12 33 45 26.67
ADJ 1 25 26 3.85
ADP 17 41 58 29.31
ADV 5 11 16 31.25
AUX 2 30 32 6.25
CCONJ | 6 4 10 60.00
DET 5 31 36 13.89
INTJ 0 5 5 0.00
NOUN | 180 40 220 81.82
NUM 8 4 12 66.67
OBJC |0 20 20 0.00
POSM |0 5 5 0.00
PRON |0 9 9 0.00
PROPN | 6 16 22 27.27
PUNCT | 46 0 46 100.00
RLP 0 1 1 0.00
SCONJ |0 3 3 0.00
SUBJC | O 55 55 0.00
VERB |6 55 61 9.84
Total | 294 388 682 43.11

During experiment of selecting the best tagger model, it experiences an

accuracy of up to 84.84%. This is because the data used for experiment was

manually tagged treebank. The word distribution of the training and

evaluation treebanks were also homogenous. That means similar words found
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on both treebanks. These increases the accuracy of the model during
experiment. Whereas, the accuracy of the model with raw text is almost half

of that of the accuracy getting during experiment.

As the output of tokenizer and tagger module is the input for remaining
modules, the efficiency of the overall will also suffer. As a result, we decided
to use manually tagged sentences for dependency parser and agreement

checking.

5.4. Development of Dependency Parsing Model

As a design aspect, we have incorporated a parsing model in the grammar
checker architecture. A MaltParser is used to obtain the model. As it is
described in section 2.4.4, MaltParser implements a number of algorithms
including projective and non-projective. Therefore, we need to experiment and
investigate which algorithm does best perform and suit the Amharic language

structure.

To optimize MaltParser, Miguel et al [33] suggests two heuristic methods that
one should follow in order to have an optimized parsing model. These methods
are depicted in the form of decision trees for projective and non-projective

algorithms.

Nivre arc-eager Stack projective

Vs

Covington projective Nivre arc-standard

Figure 5.1. Decision tree for best projective algorithm

The decision tree for projective algorithm described in Figure 5.1 has four
nodes representing projective algorithms. As Miguel et al [33] proposes, we
have to first compare the results of Nivre arc-eager and Stack projective
algorithms. If Nivre arc-eager is better than Stack projective, then Covington

projective will be tested. The final output of this wing is the comparison result
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of Nivre arc-eager and Covington projective algorithms. On the other hand,
the Nivre arc-standard is going to be tested provided that Stack projective
outperforms Nivre arc-eager algorithm. Similarly, the best algorithm of this

wing will be decided after comparing Stack projective and Nivre arc-standard.

Covinglon non-projective

Stack non-projective

MNivre arc-eager + PP | |Stack non-projective erage Stack projective + PP

L
|C|:-\rington projective + PP‘l |N'nrre arc-standard + PPl

Figure 5.2: Decision tree for best non-projective algorithm

For non-projective algorithms, the decision tree in Figure 5.2 incorporates a
couple of nodes that represent the algorithms. In the first move, Covington
and Stack non-projective algorithms are compared. If Covington non-
projective better performs, then Nivre arc-eager followed by Covington
projective are going to be tested combined with pseudo-projective algorithms
to handle non-projective structure of the language [33]. The pseudo-projective
algorithms include head, path or head plus path [34]. Conversely, if Stack
non-projective overtakes then we made a comparison between Stack non-
projective eager and Stack projective combined with pseudo-projective
algorithms. If Stack non-projective eager beats, we stop here and compare all
the results. If Stack projective combined with pseudo-projective algorithms is
better, we further test Nivre arc-standard combined with pseudo-projective

algorithms.

5.4.1. Testing and Evaluation

The experiment to model the dependency parsing module contains two
treebanks. One for development training to look for an efficient dependency
parsing algorithm and the other is for testing the induced model during

experimental development. The testing data set is considered as a gold corpus
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against which the parsing results of each algorithms are going to be checked.
The two datasets are similar in that both have equal number of tokens and
similar sentences. The first corpus is unparsed one whereas the second one
is manually parsed. The corpuses are taken from Universal Amharic
Dependency Treebank [47] which is divided into two groups with 4:1 ratio for

training and for testing purpose respectively.

We have obtained seven parsing model each of which having the name of the
parsing algorithms implemented by MaltParser. However, the learning
algorithm applied is only LIBLINEAR due to the fact that the other learning

algorithm, LIBSVM, is not available on the current version of MaltParser 1.9.2.

The parsing results are tested against the corpus assigned as a gold reference.
We have used MaltEval 1.0 [20] to evaluate the parser. The results of the

evaluations is described on Table 5.7 below.

Table 5.7: Evaluation of parsing algorithms

Item No | Algorithm UAS | LAS

1 nivrestandard 98.90 | 94.80
2 nivreeager 98.30 | 94.40
3 COVPIoj 98.10 | 94.60
4 covnonproj 98.30195.30
S stackproj 98.70194.70
6 stackeager 99.00 | 95.10
7 stacklazy 99.00 [ 94.80

5.4.2. Discussion

Based on the evaluation result depicted on table 5.7, a parsing model induced
by Covington non-projective algorithm along with LIBLINEAR learning
algorithm has been selected as a parsing model. This is because, it has the
maximum LAS which is 95.3%. Therefore, this parsing model has been

trained with the remaining 80% of the dataset reserved for final training.
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5.5. Development of the Grammar Checker

As described in design phase, an agreement of a pair of words of a sentence,
that have dependency relationship, are going to be checked with respect to
morphological features of words. For this we have developed a prototype which
is developed with Python programing language. The main purpose of the

prototype is to demonstrate and evaluate the grammar checker.

5.5.1. Testing and Evaluation

For agreement checking, we used 20 randomly selected sentences of the
Amharic treebank. Since the sentences are manually prepared by linguistic
experts, they are grammatically correct. These sentences are intentionally
taken as test cases to check whether the grammar checker correctly predicts

their grammatical agreement or not.

To determine the effectiveness of the grammar checker, the sentences are
given to the grammar checker one by one. The number of agreements returned
are then counted and compared against the actual available agreements that
should be identified. The grammar checker governs major types of agreements
such as subj-verb, obj-verb, adj-type and adv-verb agreements. This would
help us to figure out the accuracy of the grammar checker. The accuracy is,

therefore, computed by dividing the identified count by the actual count.

The result obtained from the evaluation of the grammar checker is depicted

on Table 5.8.

Table 5.8. Grammar Checker Evaluation Result

Agreement Type | Identified Count | Actual Count | Accuracy
Sub-Verb 15 22 68.18
Obj-Verb 13 16 81.25
Adv-Verb 1 5 20.00
Total 29 43 67.44

5.5.2. Discussion

From the evaluation result, the grammar checker has identified 68.18% of

subject-verb agreement, 81.25% of object-verb agreement and 20% of adverb-
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verb agreement. The grammar checker identifies more subject-verb agreement

that the other two.

The grammar checker sometimes returns nothing as if there is no agreements
between head and dependent words. This is because if one of the two words
does not have morphological features in the input CoNLL-U file, the grammar
checker considers them as if they disagree. The grammar has also limitation
as the number of tokens of a sentence increases. It works fine for simple

sentences.
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Chapter 6: Conclusions and Recommendations

6.1. Conclusions

The aim of this research work was design and develop a dependency based
Amharic grammar checker. To this end, the thesis incorporated syntactic
parsing of dependency grammar and pre-processing models to convert input
sentences to CoNLL-U format.

The grammar checker’s modular components are CoNLL-U Formatter
(Tokenizer and Tagger), Dependency Parse and Agreement Checker. The
CoNLL-U Formatter and Dependency Parse modules are induced by third
party NLP tools which require input sentences in CoNLL-U format to induce
the corresponding models. We have used Amharic Dependency Treebank to
train the language model. However, the size of the treebank was limited. This
affects the performance of the CoNLL-U formatter and the Dependency Parser.
Therefore, the performance of the grammar checker depends on the

performance of third party tools used to generate the language models.

6.2. Contribution

The Dependency based Amharic grammar checker provides clues that lay
foundation for dependency based research work. The main contributions of

the research work are:

» The architectural design of the grammar checker can serve as a basis
for the study of statistical approach with the same grammar formalism
Integrated dependency parsing with rule-based approach

Relationship extraction

Amharic dependency parsing language model

YV V VYV V

Amharic tokenizing and tagging language model for CoNLL-U

formatting

6.3. Future Work

This research can be enhanced and upgraded by improving the performance
of each components. This can be achieved through (1) utilizing large treebank

to train an induced model (2) rigorously experimenting the language models
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applied in this research work to obtain optimum models (3) adding other
grammatical agreements of Amharic language (4) incorporating statistical

approaches of grammar checker.

Specifically, the future work arising from this study are:

> Large treebank: The availability of larger treebanks will improve
linguistic models. As treebanks grow in size, they will become more
useful in literary and historical studies, where the linguistic structure
of texts will vary and become investigable in a more precise way.

> Language independent tools: universal dependency framework
employs different tools for consistency annotation, format conversions
and dependency parsing. In this study, we have used MaltParser and
UDpipe to build dependency parser as well as tagger models. However,
the latter modules performance was poor and need to be investigated
by other tools to come up with enhanced model.

> Statistical Approach: Currently, the grammar checker implemented
with rule-based approach in that morphological features of head-
dependent words are compared. Thus, statistical approach improves

the performance of the grammar checker.
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Annexes

Annex A: CONLL-X Format Field Description

No

Field

Description

ID

Token counter, starting at 1 for each new sentence.

FORM

Word form or punctuation symbol.

LEMMA

Lemma or stem (depending on the particular treebank) of word form,
or an underscore if not available.

CPOSTAG

Coarse-grained part-of-speech tag, where the tagset depends on the
treebank.

POSTAG

Fine-grained part-of-speech tag, where the tagset depends on the
treebank. It is identical to the CPOSTAG value if no POSTAG is
available from the original treebank.

FEATS

Unordered set of syntactic and/or morphological features (depending
on the particular treebank), or an underscore if not available. Set
members are separated by a vertical bar (|).

HEAD

Head of the current token, which is either a value of ID, or zero (’0) if
the token links to the virtual root node of the sentence. Note that
depending on the original treebank annotation, there may be multiple
tokens with a HEAD value of zero.

DEPREL

Dependency relation to the HEAD. The set of dependency relations
depends on the particular treebank. The dependency relation of a
token with HEAD=0 may be meaningful or simply 'ROOT’ (also
depending on the treebank).

PHEAD

Projective head of current token, which is either a value of ID or zero
(’0’), or an underscore if not available. The dependency structure
resulting from the PHEAD column is guaranteed to be projective (but
is not available for all data sets), whereas the structure resulting from
the HEAD column will be non-projective for some sentences of some
languages (but is always available).

10

PDEPREL

Dependency relation to the PHEAD, or an underscore if not available
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Annex B: CONLL-U Format Field Description

No | Field Description

1 ID Word index, integer starting at 1 for each new sentence; may be a range for
multiword tokens; may be a decimal number for empty nodes.

2 FORM Word form or punctuation symbol.

3 LEMMA Lemma or stem of word form.

4 | UPOS Universal part-of-speech tag.

S | XPOS Language-specific part-of-speech tag; underscore if not available.

§) FEATS List of morphological features from the universal feature inventory or from
a defined language-specific extension; underscore if not available.

7 HEAD Head of the current word, which is either a value of ID or zero (0).

8 DEPREL | Universal dependency relation to the HEAD (root iff HEAD = 0) or a defined
language-specific subtype of one.

9 DEPS Enhanced dependency graph in the form of a list of head-deprel pairs.

10 | MISC Any other annotation.
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http://universaldependencies.org/u/pos/index.html
http://universaldependencies.org/u/feat/index.html
http://universaldependencies.org/ext-feat-index.html
http://universaldependencies.org/u/dep/index.html
http://universaldependencies.org/u-dep/root

Annex C: Universal POS Tags

Universal POS tags Description

ADJ Adjective

ADP Adposition

ADV Adverb

AUX Auxiliary

CCONJ Coordinating conjunction
DET Determiner

INTJ Interjection

NOUN Noun

NUM Numeral

PART Particle

PRON Pronoun

PROPN Proper noun

PUNCT Punctuation

SCONJ Subordinating conjunction
SYM Symbol

VERB Verb

X Other
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Annex D: Universal Features Inventory

Universal Features Inventory

Inflectional Features

Lexical Features

Verbal Nominal

VerbForm Gender PronType
Mood Animacy NomType
Tense Number Poss
Aspect Case Reflex
Voice Definite

Person Degree

Negative
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Annex E: Universal Dependency Relations

Universal Dependency Relations

Relation Description Relation Description
acl clausal modifier of noun | goeswith goes with

(adjectival clause)
advcl adverbial clause modifier iobj indirect object
advmod adverbial modifier list List
amod adjectival modifier mark marker
appos appositional modifier mwe multi-word expression
aux Auxiliary name Name
auxpass passive auxiliary neg negation modifier
case case marking nmod nominal modifier
cc coordinating conjunction nsubj nominal subject
ccomp clausal complement nsubjpass passive nominal subject
compound Compound nummod numeric modifier
conj Conjunct parataxis parataxis
cop Copula punct punctuation
csubj clausal subject remnant remnant in ellipsis
csubjpass clausal passive subject reparandum overridden disfluency
dep unspecified dependency root Root
det determiner vocative Vocative
discourse discourse element xcomp open clausal complement
dislocated dislocated elements
dobj direct object
expl expletive
foreign foreign words
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