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Abstract

Grammar checker is one of the Natural language processing studies that is used to determine
whether users’ input text is grammatically correct or not. These days, human beings produce lots
of texts to communicate through mobile, internet applications, etc. To meet the objective of the
communication, we require grammatically correct texts. It can be hard to manually check
grammatical error in the text without delay. It also leads to unwanted expenses like time and
cost. Thus, to solve the problem several grammar checker systems have been developed for
several languages such as Amharic, Afaan-Oromo, English, Swedish, and others. However,
when we come to Tigrigna language there is no study attempted to develop grammar checker.
Thus, the main objective of this thesis is to present the development of Tigrigna grammar
checker.

The proposed Tigrigna grammar checker system is developed using a hybrid of statistical and
rule based approach to identify grammar errors in Tigrigna sentences by categorizing grammar
errors within a sentence into five grammar errors such as Subject-Verb Agreement, Object-Verb
Agreement, Adverb-Verb Agreement, Noun-Modifier Agreement, and Word Sequence
Agreement. The system has five main modules namely Preprocessing, Tag sequence gathering,
Rule based grammar checker, Statistical grammar checker, and Grammar error filtering. The
preprocessing module is used to tokenize and tag tokens within the input text sentence. In the tag
sequence gathering module we perform tag splitting, tag sequence extraction, and tag sequence
probability calculation to fill the language model with statistical data of the Tigrigna corpus. In
the rule based grammar checker module, Subject-Verb Agreement, Object-Verb Agreement,
Adverb-Verb Agreement and Noun-Modifier Agreement, grammatical error of the input text
sentence is identified by matching patterns against the manually hand written 114 agreement
grammatical rules. In the statistical grammar checker module, the WSA grammar error of the
input text sentence is determined according to unique tag sequence and probability language
model.

We implement the system using C# programming language, SharpNLP as tools and 4645 part of
speech annotated sentences as corpus. The evaluation of the system is conducted in four

experiments using manually prepared 300 grammatical correct and incorrect sentences. From the



experiments result, the system performs average results of 87.9% precision, 87.5% recall, and
87.6% f-measure.

Keywords: Grammar Checker, Natural Language Processing, Rule based grammar Checker,
Statistical based Grammar Checker, Hybrid Grammar Checker, Subject-Verb, Object-Verb,
Adverb-Verb, Noun-Modifier, Word Sequence
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Chapter One: Introduction
1.1 Background

The development of computer technologies has been having a strong impact on the world; often
introducing major changes into certain fields of human activities within human communities [1].
To perform those major changes, written languages communication play important roles. Written
language communication occurs by means of writing, which besides the traditional paper and
pen, is facilitated by the computer, the internet and other applications such as the mobile phone.
Word processing and sending messages via email are among the most usual activities on

computers [2].

Natural Language processing (NLP) means computer-aided processing of language produced by
a human. But, human language is inherently irregular and the most reliable results are obtained
when a human is involved in at least some part of the processing. As a field of scientific inquiry,
it plays an important role in increasing computers capability to understand natural languages, the
language by which most human knowledge is recorded [3]. A lot of applications are performed
in the field of NLP to make human language easily understandable by machine or computers
such as question answering, grammar checking, spelling checking, etc [4]. A grammar checker
determines the syntactical correctness of a sentence. Grammar checking is mostly used in word
processors and compilers [5]. Grammar checking for application like compiler is easier to
implement because the vocabulary for programming language is finite but for natural language it
is challenging because of infinite vocabulary [6]. Grammar checkers check the grammatical
structure of sentences based on morphological processing and syntactic processing. These two

steps are part of natural language processing intending to understand natural languages [7].

Grammar checker is helpful in a variety of scenarios, such as text authoring and language
learning. It uses to find grammatical errors in the input text: incorrect use of person, number,
case or gender, improper verb government, wrong word order, and so on [8].

Tigrigna is a typically Semitic language in which the word order in clauses is subject—object—
verb usually [9]. For instance, sentence of Tigrigna: (7ea +9°7¢-2 h% =/ Haile temiharai eieu
(Haile is a student.) Subject = 72a/haile, object = +9°7¢-2/temiharie, verb = A%/ieu, punctuation

=:: However, Tigrigna is unique among the Semitic languages in several ways such as: Tigrinya



has compound prepositions such as: aANhdA.%¢1/ ab leliarat (on (top of) the bed). Preposition=
(an/ab, Preposition= AdA./1o°li and Noun= %é~t/arat [10].

1.2 Motivation

The advent of personal computers and mobiles has increased communication between Tigrigna
speakers using electronic texts such as newspapers, emails, weblogs, books and thesis are
produced daily. Grammar checker is very useful when user needs to write some kind of text in
that case, user does not need to focus on the grammar errors and producing grammatically error
free electronic documents has benefits of easy data organizing and data management. However,
the absence of Tigrigna grammar checker leads to many Tigrigna documents that can be seen as
having grammatically incorrect sentences. For instance, A1 $9A. ®@Cch. 5N a*FA heL:: (I was go
to Mekelle next month.) Adverb verb disagreement, (At9° $NA T TECE aPATAGTILE A&AR
h%:: (The receipts is good for beginner waiters.) Subject/verb miss agreement and etc. in such
situations, users need an automatic grammar checker/corrector that can help to improve the
quality of electronic texts. This has motivated us to develop a grammar checker for Tigrigna text

to ensure that what the users’ input is grammatically correct or not.

1.3 Statement of the Problem

A grammar checker has been developed for different languages such as English [2, 6, 11],
Swedish [12, 13], Chinese [14], and etc. to detect syntactical text input errors and to make a
component of different NLP applications such as question answering, semantic analysis, dialog
system, etc. It is now common to see grammar checkers for such languages as components of
word processing applications such as Microsoft Word. Grammar checkers have also been
developed for Amharic [15] and Afan-Oromo [16]. The Amharic grammar checker was
developed using a hybrid of statistical and rule-based approach whereas the Afan-Oromo
grammar checker was developed using rule based method. Tigrigna grammar construction is
different from Amharic, English and other languages. Due to such differences, each language has
a specific set of characteristics which need to be considered in the development of grammar
checker. To the best of our knowledge, research and development work on Tigrigna grammar
checker has not been attempted so far. It has been indicated that a hybrid approach comprising
statistical and rule based technique provided good result for Amharic [15]. Although Amharic

and Tigrigna share similar linguistic characteristics, they still have fundamental underlying

2



differences such as morphological processing, syntax processing, etc. Thus, we can infer that a
hybrid approach of statistical and rule based techniques could be applied to develop a grammar

checker for Tigrigna by dealing with the unique features of the language.

1.4 Objective

General Objective

The aim of this thesis is to design and develop a grammar checker for the Tigrigna language

using hybrid of statistical and rule based approach.

Specific Objectives
In line with achieving the general objective stated above, the research would attempt to address

the following specific objectives.

> Review the basic useful properties of Tigrigna language grammatr;

Y

Prepare corpus collection of simple and complex sentences that would potentially serve
for the experiment;

Model the syntactical and morphological rules of Tigrigna sentences;

Design grammar checker algorithm for Tigrigna text;

Develop a prototype of Tigrigna Grammar Checker; and

Y V V V

Evaluate the performance of the developed prototype.

1.5 Methodology
Literature Review

In order to understand the problem we will review books, articles, journals and other publications
related to Tigrigna language. Approaches to the development of Grammar checker, Grammar

errors, and Evaluation Metrics of Grammar Checker will be explored.



Data Collection
Corpus is one of the resources required in natural language processing researches and a good
sized text can reasonably show a language’s grammatical behavior. For the purpose of this

research, we will use a corpus annotated with POS from [17].
Prototype Development

In this thesis, we will use tools such as C# programming language, Microsoft Visual Studio,
Notepad++, SQL, and SharpNlIp toolkit.

Evaluation

In order to assess whether the main goal of this study is achieved or not and the degree of
achievement, the outcome of the system will be evaluated by using well-known evaluation

metrics such as precision, recall, and F-measure.

1.6 Scope and Limitations

The research aims to a develop grammar checker for Tigrigna language that detects grammar
errors in Tigrigna written texts. The study has no correction mechanism of the detected errors in

the written text.
1.7 Application of Result

The result of this thesis work has many applications. The system is useful for Tigrigna text
producers to detect grammatical errors in the text. Tigrigna Grammar checker will be used in
many areas of NLP for Tigrigna language such as in Question Answering, Information Retrieval,
Next Word Prediction, Text Summarization, Text Categorization, Speech Recognition, Semantic

Analysis and etc.

1.8 Thesis Organization
The organizations of the remaining parts of this thesis are described in this section. Chapter Two

discusses the literature review. The reviews of related works regarding Grammar checker studies
are also presented in Chapter Three. Chapter Four presents the design of Tigrigna Grammar
Checker. Chapter Five discusses the implementation and evaluation result of the system. Chapter

Six provides the conclusion of the thesis and recommendation.



Chapter Two: Literature Review

2.1 Introduction
In this chapter, topics that will set landscape for the rest of the thesis will be presented in order to

get the important terms and concepts that may be used in different sections of the upcoming
chapters. The subject of this chapter includes Tigrigna language, approaches to development of
grammar checker, and followed by grammar checker evaluation. In the Tigrigna language
section, the part of speech (POS), morphology, grammar structure, and grammar errors are
discussed in detail. In the approaches to development of grammar checker section, the issues of
grammar checker system and the approaches of rule based grammar checker, statistical based
grammar checker, syntax based grammar checker, and a hybrid grammar checker are presented
respectively. In the remaining section, the lists of grammar checker evaluation metrics and their
mathematical calculation is presented.
2.2 Tigrigna Language

Tigrigna belongs to the Semitic family of language. It is the official language of Eritrea and
Tigray regional state of Ethiopia [10]. The language is spoken by about 7million people
worldwide [9]. It uses Ethiopic script for writing [10]. Tigrigna has become the primary language
of oral and written communication in Eritrea and Tigray [10]. The grammar of Tigrigna language

regarding POS, morphology, grammar structure, and grammar error is described in this topic.

2.2.1 Tigrigna POS
POS is an appropriate given class of word, in which each word of a written text has a unique

word class. Words of Tigrigna language can be classified into eight general classes [19]. These
are preposition, noun, verb, adjective, adverb, pronoun, determiners, and conjunctions. A brief
description of each of the classes is given in the following topics.

Tigrigna Noun

Tigrigna noun is a word class that is used for labeling thing, an idea (for example, love), an
action, a situation, and phenomena. Common Tigrigna noun classes are Name of persons
(nc7i/Birane, a9e/Senay, Zoia/Jemal, svP/Rahwa, a7°s-et+/Samrawit... etc), Name of Places
(a@®a/Mekeelle, aLP/Adwa, Ha-h7/Hawezien, “1gemn@/Maichew, and Others.), Name of
Animals (Ase1/Lahmi (Cow), Lcwr/Derho( Hen), &.ct/Feres (Horse) , and Others), Name of
Natures, Facts, situation(d/haA./Zahli (Cold), P2/Waei (Hot), and others), Abstracts(tsehay (Sun),
legziabher(God), figri(Love) , and Others.), and etc.



Tigrigna Pronouns

A pronoun is a word which is regarded as a subclass of a noun [20]. It can be taken as noun
because it can function as a noun and can take the position of a noun. Tigrinya has subject and
object pronoun forms. For instance, the words, a/ane (), /Nisu/ (he), 74/Nisa (She), and etc.
are categorized to subjective pronouns and the words 7%2/nay (to me), 70-A/neu(to
him),7%4/naa(to her), and etc. also categorized into objective pronouns [9].

Tigrigna Determiners

Determiners specify nouns in terms of their referential status. One of their functions is to supply
features of definiteness and indefiniteness to nouns. For example, definite articles express the
presupposition that the hearer or the addressee is familiar with or can identify the referent of the
noun that is being determined. Based on these grammatical properties, determiners are identified
as functional elements, as opposed to lexical elements.

Tigrigna does not have separate class of definite articles and demonstratives [19]. However,
there is one form called determiner that serves both functions. For instance, the words like
hJ/eta (That), afg°/etom (Those), ai/ezi (This) and etc. are categorized under determiners.
Tigrigna Preposition

Tigrigna employs prepositions to code a wide range of semantic roles [19]. The following
prepositional markers are identified in Tigrigna language.



Table 2. 1 Tigrigna prepositions

Preposition Used for

a4A/Sala Purpose, benefit, reason/because of
Afl/a"b Location/at
n-(1/Kab Source/from
G-(1/Nab Destination/to
/be Direction
1H00/bizaeba Definition/topic
I°0/mis Partner/ with
G&/Nay Owner/of
$2:9°/Kidm Before / in front of
LechC/dhar Afterwards

Tigrigna Quantifiers

Tigrigna quantifiers are also classified as functional categories. They specify the referent
of a noun in terms of size or amount. They also indicate partitive, existential and
universal references. Words like n-ac/kulu(All), 1a/gele(Some), i-h/bizuh(Many), and etc.

are categorized as quantifier.

Tigrigna Verb

A verb is a word that tells us the state of doing or being and possibly the most important part of
any text almost in any language [9]. The major subclass of Tigrigna verbs are auxiliary verbs,

perfective verbs, imperfective verbs, imperative verbs, gerundive verbs, and relative verbs [17].



Tigrigna Adjective

Adjectives are words that describe or add extra information to a noun. Adjectives in Tigrigna
usually precede the nouns that they modify or describe. Words categorized in Adjective are
Aic/hatsir(Short), 1Pa/newah(Tall), ea.g°/tselim(Black), ¢2n/geyah(Red), and etc.

Tigrigna Adverb

An adverb is a word that modifies a verb, adjective, sentences or clauses and other adverbs. In
many languages adverbs are classified as open classes; however, Tigrigna’s adverbs are
classified as closed classes [9].

Tigrigna Conjunction

Conjunctions are words that link words, phrases and clauses to create larger grammatical units.
Conjunctions were treated as a separate category. However, conjunctions are treated also as a
subclass of prepositions. Conjunctions can be distinguished as two categories such as
coordinating or subordinating [20].

Tigrigna Punctuation

Tigrinya punctuation marks are two point (:) standing as a word separator or use instead of single
space, (%) used as comma, () functioning same way as a semicolon, (?) uses as a question mark,

and (x) uses as a full stop to end sentences.

2.2.2 Tigrigna Morphology
Morphology is the study of word formation. It tries to discover the rules that govern the

formation of words from the smaller meaning bearing units, morphemes, in a language [9].
Morpheme is the building block from which a word is made-up. It could not be broke down
further into meaningful parts [9]. Tigrigna has not been studied linguistically especially with
respect of computational morphology. In this topic, we describe the morphology of Tigrigna
word classes according to their derivation and inflection characteristics.

Tigrigna Noun Derivation: In Tigrigna, nouns can be primary or derived words. For instance
the words b4 kebdi 'stomach’, and A(. Ibi 'heart' are primary words; however, the words like
nLe kebddy 'my stomach’, Ang Ibdy 'my heart' are driveved from the primary words by adding
postfix + ay/my.

Tigrigna Noun Inflection: Tigrigna nouns inflect for case, number, definiteness, and gender. It
has also the nominative case when it is a subject; accusative when it is the object of a verb; and

its gender, number, and grammatical case determine genitive when it is the object of a
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preposition. Tigrinya nouns have plural, as well as singular forms though the plural is not
obligatory when the linguistic or pragmatic context makes the number clear. Most nouns employ
the regular (external) plural formation strategy by adding the suffix-at or-tat— depending on
whether a noun ends with a consonant. However, some noun plurals may be formed through
internal changes ("broken" plural) as well as through the addition of suffixes. For instance, .40
feres 'horse’, A&¢-0 *afras 'horses' [10].

In Tigrigna noun, gender is expressed in the pronoun system. Some nouns do not inflect for
gender, except for few that are classified. As adjectives or nouns, and thus employ the adjectival
gender inflection form, morphemes such as -ay, -ka, -ki ,-kum , -Kin ,-ka-t-kum are the most
common gender and belongingness indicators in a given noun especially on noun analysis with
combination of number and possessiveness. Example: the morpheme /-ay/ suffix on the stem
tamahar_ay ‘student, its analysis is male in gender, first/second/ third/ person Possessiveness
(depends on the pronoun) and singular in number. The morpheme /-it/ is suffixe on tamahar_it
“student”, is for gender female. The morpheme /—ka/ is suffixe a on the noun stem /defter/ and
its surface output is /defter-ka/ ‘your exercise book’ with male, third person, singular.

The morpheme-Kin is suffixe on the stem /geza/ *house’ and its surface result is /geza-Kn/ ‘your
hose’ female, plural and third person possessor. Therefore if any noun stem / verbs and
adjectives ends with the morphemes /-ay/, —ka/, - kum, then the noun stem /adjective identifies a

gender male [9]. Some of the opposite gender nouns are shown in the table 2.2.

Table 2. 2 Gender based nouns

Gender

Masculine Feminine
N66-2/0X Achl. /ICOW
o8, IBOY 26 (Girl
4@+ /Brother At /Sister

Tigrigna Verb Derivation: The morphology of the Tigrinya verb is often very complex. Like
other Semitic languages, the derivational morphology of Tigrinya is characterized by the root



and-pattern or template morphology. The basic unit of a word is the ‘root’ which constitutes its
semantic core. It is an abstract form since it does not exist as a word in the lexicon of a language
[21]. In most cases, the root consists of three consonants, also known as radicals, but the number
may vary from two to five. These consonants interlock with different vocalic templates and are
associated with prefixes and suffixes in order to derive a stem. For instance, the radicals of the
root éch&/tsehefe combine with the vocalic pattern “a to derive the historic perfective stem 8-hé.
tsehafe ‘he wrote’, and they combine with the vocalic patterns “a, i and u, respectively, to derive
the simple/gerundive perfective stem éch.4-s tsehifu‘he wrote’.

Tigrigna Verb inflection: The verb may be inflected for such things as person, number, gender,
aspect, mood, and tense. For example, we use the inflection of the root ase& that is taken from
[20] shows in the Table 2.3.

Table2. 3 Sample Tigrigna verbs derived from ¢ 44

Word Meaning Gender Person Number | Time
dch.d. 1 Wrote - 1% S Past
hOchG | Write - 1t S Present
noMe | will Write - 1 S Future
Oh. GG We wrote - 1% P Past
BCIGU We write - 1% P Present
N7 We will write - 1% P Future
tochG You write M 2" S Present
o You will write M 2" S Future
och.sh7 You wrote F 2" P Past
Toché: You write F 2" P Present
rtoché- You will write M 2" p Future
Och.4- He wrote M 3" S Past
Lo He write M 3% S Present
noche He will write M 3" S Future

Tigrigna Adjective Inflection: In Tigrigna most Adjectives have both gender (feminine and

masculine) and number (singular and plural). Like, the morpheme --/ti marks the feminine gender
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along with internal changes in the vocalic templates of some of the consonantal roots table
below. Some of the Tigrigna Adjectives are shown in the Table 2.4.

Table2. 4 Tigrigna Adjective Inflections

Adjective Meaning Gender Number
ot she clever Feminine Singular
140 he clever Masculine Singular
1Pch she tall Feminine Singular
1%h he tall Masculine Singular
NCtot: she strong Feminine Singular
NGk he strong Masculine Singular
kT They/welyou strong | All Plural

Tigrigna Pronoun Inflection: The pronoun system reflects exhaustive number, gender and
person agreement values. Both subject and object pronoun stems are marked with similar
pronominal suffix forms that are distinct for the gender, number and person combination they
mark. Some of the Tigrigna pronouns that inflect number, gender and person are listed in Table
2.5.

11



Table2. 5 Tigrigna Pronouns

Subject Pronoun Number Gender Person
Alane/ (1) Singular First
7v/Nisu/ (he) Singular masculine Third
7/Nisa (She) Singular Feminine Third
70/Nisk™a Singular Masculine Second
70 TL/NiskN Singular Feminine Second
2hq/Nihina Plural First
200 g/ NisK atikum Plural Masculine Second
200 /NisK atkin Plural Feminine Second
70-f9°/Nisatom Plural Masculine Third

Tigrigna Determiner Inflection: In Tigrigna determiner can inflect the nouns in gender or
number. Some of the Tigrigna determiner inflection is shown in Table 2.6.

Table2. 6 Tigrigna determiner inflection

Determiners Meaning Gender Number
At/eti That Masculine Singular
ht/leta That Famine Singular
Atge/etom Those Masculine Plural
At7leten Those Famine Plural
hll/ezi This Masculine Singular
hH/eza That Famine Singular
AHg°/lezom Those Famine Plural

12



Tigrigna Quantifiers Inflection: Tigrigna Quantifiers can inflect nouns in number and gender.
Some of these quantifiers that inflect number and gender are listed in the Table 2.7.

Table2. 7 Tigrigna quantifiers Inflection

Quantifier Meaning Plural | Singular | Famine | Masculine
e All v

0 Some v v v
1R0.0NG Every v v v
Hch Many v

O che £ Few 4

AL One v v
A7t One v v

hot Two v v v
Aeh Many v v v
O hB Few v v v
A7 All v v

AT Some of them v v

2.2.3 Tigrigna Grammatical structure
Grammar is often defined as the rule system of a language, typically taught about appropriate

usage and about writing [22]. It can be used to refer to a set of rules developed to control certain
aspects of the usage of the language, such as in question to create meaning, by building both
meaningful words and larger constructions of sentences [23]. Generally, it is a restriction on how
words must be arranged to construct a sentence, phrase or paragraph; such restrictions are
principles of syntax and semantics. The syntax of a language describes how words can be
combined to form sentences, phrases or paragraphs. The semantics of a language regards the

modification of words with respect to time number and gender. The grammar syntax and
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morphology differ in each language. Conversely, this means that, if there is a difference in syntax
or morphology in two languages, these languages are not the same a language can be
distinguished from another by its grammar; these languages need to be considered separately

[23]. In this section, we describe the phrases and sentences structure of Tigrigna languages.

Tigrigna Phrases

The word phrase means group of words that can function as arguments of noun predicates. Every
phrase in Tigrigna has head word, in which the head words are in the right position of the phrase
[20]. However, in some cases the head word may also written in the left side of the phrase, like:
N %4/nab ardi (to village), in this phrase even the preposition word S-1/nab is in the left
position, it uses as a head; then the phrase is Prepositional Phrase. In this topic we will see the
main phrases such as Noun Phrase, verbal phrase, and adjective Phrases in detail.

Noun Phrases (NP)

Tigrigna noun phrase consists minimally of a head noun which may be accompanied by optional
elements such as quantifiers (Q), determiners (Det) and modifiers (e.g. adjectives, possessives,
relatives) [20]. For instance, Noun Phrases are listed here:

1) &t avoh&/ etimets”haf (the book) is NP

NP
Det N
| |

2) 756 @4 nitue wodi (Clever boy).

NP
Adj
N
| |
160 D4,
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3) 964 69°nA, in this phrase the head og°0q is a noun. Therefore this is called Noun Phrase (NP).
In general the structural rule of Tigrigna noun phrase [20] can be formulated as: NP =>
N//ADJ+N/ADJ+N/PRP+N/NP+N

Verbal Phrase

A verb phrase is composed of a verb as a head and other constituents such as complements,
modifiers and specifiers [20]. For instance, a»9°uc A%/membhir eyu(he is a teacher), in this phrase
the head word A% is a verb class word. Therefore, the text a2g°uc A% is verbal phrase (VP). The
general rule of verbal phrase is formed as: VP=>V/N+V/ADJ+V/Adv+V

Adjective Phrase

An Adjective phrase is a combination of words in which the head word will be an adjective [20].
For instance, a2 7¢&%/sega haraf/(meat curios )in this example the head word ends with the
adjective Y¢-&/haraf/ thus, the phrase is an adjective phrase. The general pattern of adjective
phrase is: ADJP=>ADJ/N+ADJ/PRE+ADJ/CON+ADJ

Tigrigna Sentences

A sentence is a collection of words expressing a judgment of the mind. A sentence should not be
incomplete like a phrase to express something. The general structure of Tigrigna sentences SOV
arrangement. The subject can be thought as a noun phrase which is used to mention some objects
or persons and the predicate is used to say something true or false about the subject. These two
elements of sentences are known as noun phrase (NP) and verb phrase (VP) which are headed as
noun and verb respectively. Tigrigna sentences are classified on the basis of numbers of clause
and types of clauses present in a Tigrigna sentence means according to the structure, those
sentences are divided in to four kinds [20].

Simple sentences

A sentence consists of only one subject and a verb and it expresses complete thought. The
pattern of simple sentence is NP+VP. For instance, &t +9°7¢-2 h@8.::

/Simple Sentences
\
NP

VP
Det N V
At T 4L nes
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Compound sentences

A sentence consists of at least two verbs. One verb is at the head of the sentences the others also
part of the Verbal phrase or Noun phrase. In this sentences the, subject performs two actions.
Examle: hat #2nht: AMA HALP A-OAL Fhds::

Compound sentences

NP VP
Sentences NP Vv
N \
NP VP N
/ AN
NP VP
SN
AdjP NP
Det Adj N
| [ \
hivt Pk AMA HALP ONAL TalLS

Complex sentences

In complex sentences the sentences are constructing from two subjects and two verbs. With these
subjects and verbs based on the situation it may also contain determiners and conjunctions.

For instance, in the sentence h.1 13- HOléAt +9°7ét 0He @FHP::, the subjects are h.y and
+9°7¢4F, and the verbs are HoZé.f and @EHP.

Compound Complex Sentences

In these sentences the sentences construct from two subject and three verbs. The first subject
performs two actions (verbs), and the second subject performs one action. For instance, in the
sentence A AP7018CH 9P avhi-Rh ATFhAS hRov@LPNT:: the subject’s arerf and
av-+n, and the verbs in this sentence are A7+617012.Ch, ALaP@LPNT, and Arthd -,

2.2.4 Grammar Errors
When people are writing, they make mistakes, mostly the syntactic rules of a language, such as

feature agreement, order or choice of constituents in a phrase or sentence, thus concerning a
wider context than a single word. Those grammatically error writing are also happen in Tigrigna

language users. Grammar error may occur due to the subject’s insufficient knowledge of the
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language rules or the written language norms that deviate from the already acquired (spoken)
grammatical knowledge have to be learned and even can make grammar errors when writing on
a computer due to rewriting or rearranging text [23].

Common Tigrigna Grammar Errors

As any other language the grammar of Tigrigna happens the words in a sentence can disagree
according to person, gender, cases, tenses and number. Other agreement errors appear between
the subject and the verb, which can involve long distance dependencies. In this section we take a
look at the most frequent error types in Tigrigna according to Tigrigna Language Experts and
Tigrigna text books [20].

Frequent agreement errors in Tigrigna are located within the words in a text can disagree subject
and verb, verb and object, adjective and noun, adverb and verb, noun and modifier, word
sequence and others in gender, number and persons. Other agreement errors appear between the
subject and the predicative, which can involve long distance dependencies.

Subject-Verb Agreement Errors: Is the most common errors with subject-verb agreement are
to do with number, person and gender in Tigrigna language. For instance, °ahe h0Ad A5::/
misahey kibelie ena/ | will eat our lunch. In this example the subject ai/ane/l which is taken from
the object °ahe and the verb is A.5/ena/ eat. The singular subject Ai/ane is disagreeing with the
plural verb 4., this make the grammar rule is incorrect. Hence, correct subject-verb agreement
has same number that means singular subject takes singular verb. The correct grammar of the
sentences is °ah2 hdo A.L::/misahey kebelie eye/l will eat my lunch.

Object -verb agreement error: The same as the subject verb agreement error the object and

verb agreement of a sentence is expected to agree in number, gender, and person.

Noun-modifier agreement error: Tigrigna nouns are modified by adjectives, determiners,
quantifiers, and others. Adjectives in Tigrigna inflect according to the gender, person and
number of the head noun. For instance, in the 1Ph @4, /newaH wodi/ Tall boy, text the adjective
1P/newaH (tall) is third person singular feminine; and The noun @£/ wodi (Boy) is third person
singular masculine. Both the Adjective and the noun agree in number and person. Whereas,
disagree in gender maker. In order to correct the grammatical of this text either the adjective
could be changed to male or the noun must be changed to fame gender. Therefore, the correct

grammar is either; P4 2a/nwwaH Gual or 12k @4. The quantifier in noun phrase disagrees
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with number agreement. For instance, aAft d.c°/selsete feres/three horse in this phrase the
quantifier aaa+ indicates many/plural  whereas, the noun é&.Z#” is singular. The number-noun
agreement rule in Tigrigna is singular number+ singular noun, or plural number + plural noun,

based on this rule the text is grammatically incorrect.

Adverb and Verb Agreement: Tigrigna Adverb usually modifies the first verb that comes next
to it in time, place, circumstance etc. The time adverbs describe the time at which an event takes
place. These adverbs may show a specific time at which a given action takes place or its
duration. Tigrigna verbs indicate the time at which action takes place in relation with the

adverbs.

Word sequence agreement error: In Tigrigna grammar rules all verbs go at the end of a
statement unlike in English where verbs are placed in the middle of a statement ([Subject] [Verb]
[Object]), Tigrigna places its verb at the end ([Subject] [Object] [Verb]) of the text.

Sentences

|

Subject 4 Object + Verb

Sometimes, in Tigrigna texts occurs error word order like: ([Object] [Verb] [Subject]) or ([Verb]
[Object] [Subject]), etc. For instance, in the sentence hvag he8. ao$a:: has an error in the word
order:

Subject  Verb Object

hyae hes aoPh::/Kahsaykeydumekele/. In this example the sentence is formed as

[Subject, Verb, Object] formation, it considered as grammatically incorrect.
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2.3 Approaches to the Development of Grammar Checker

2.3.1 Grammar Checker System
Natural language processing (NLP) can be defined as the automatic (or semi-automatic)

processing of human language [25]. It is narrowly used, as it is a large and multidisciplinary
field, which includes machine translation, question answering, grammar checker and others for
processing human languages. It is often studied to solve the problems of language processing in
contrast with part of speech, morphology and other components of the human languages. Based
on the linguistic characteristics several NLP studies are performed such as the studies on
grammar checker [25, 26]. The purposes of those studies on grammar checker are for examining
incorrect texts against the syntax and semantic structure of any language.

A grammar checker system is a computer-based formal system for describing the rules and
syntax allowable in the language to detect a construction error. The goal of a grammar checker is
to check a sentence or text for its grammatical correctness which helps to prepare an important
document. Now, a part of most word processing programs flags what they perceive as stylistic,
grammatical, or mechanical problems in a document by highlighting or underlining them, and
upon request comment on, explains, and sometimes suggest corrections for each problem [27].

A grammar checker system includes components of tokenization, POST, morphological analysis,
and grammar checker [4]. In those systems, ways of checking the grammars of a given sentence
is performed by several techniques. However, it includes the tasks such as identifying the words
of a given sentence and using a program by capturing and analyzing the generalization of a given
word and classifies those words into their POS or other grammatical categories [4, 14, 15].

The tokenization component is used to break input texts from an input file into sentences [16].
The tokenized sentences are further tokenized into words, symbols, or other meaningful elements
called tokens. Those tokens are used for grammar checkers to identify the word order and
agreement rules in the given text. For instances, the text +99A, ¢hm. $-av2.Ax:/tmali gelTifu
me”nSi™u (Yesterday he came quickly.) is tokenized into tokens (“F97A.’, ‘Phm.¢’, ‘oP2.h’, and
“+#7)[19].

The morphological analyzer component concerns the structure of words [7]. Words are assumed
to be made up of morphemes, which are the minimal information carrying unit. Thus, the
grammar checker takes morphologically analyzed word gives as input to detect the agreement

errors in gender, person, number, time, and etc.
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The part of speech tagger component assigns each word and punctuation mark with appropriate
parts of speech tag [19]. This component is treated as a main component of grammar checker
[16]. Since it gives large amount of information about a word and its neighbor such as word
categories like Noun, Verb, Adjective, and others. This is useful in grammar checker system
because of words are ambiguous having of more than one possible part of speech and the goal is

to find the correct tag for the situation.

The most common grammar checker system development approaches are rule-based, statistical,

syntax and hybrid approaches [28].

2.3.2 Rule Based Approach
The rule-based approach is performed by constructing error detection rules manually for the

given language. These rules are then used to find errors in the text that has already been
analyzed. These rules often contain suggestions on how to correct the error found in the
text[31].

According to [16], it consists of sets of rules used to analyze the matching of a text with in
specified pattern in which POS tagged is performed.

Generally, rule based approach is used to detects an error of input texts in which the text is
considered as having POS tagged by matching against a set of rules previously constructed based
on the syntax and morphology grammatical knowledge of the specific language. The grammar
checker uses these rules to find errors in each input text by comparing against those rules; if
there is any one matched rule the text is considered as correct otherwise the text is grammatically
incorrect.

The rule-based approach has some characteristics. It has a strict sense of well-formedness in
mind, imposes linguistic constraints to satisfy well formedness, allows the use of heuristics, and
relies on hand-constructed rules that are to be acquired from language specialists rather than

automatically trained from data[30].

The advantage of this approach is that the grammar checker requires no need of training data,
good quality based on language having small amount of electronic data and low coverage of
linguistic and it is easy to incorporate domain knowledge into the linguistic knowledge which
provides highly accurate results [31].
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However, this approach also has some disadvantages. As it is created manually, to build several
hundreds of rules it could be time consuming and requires a great knowledge of a specific
language.

2.3.3 Statistical Approach

A statistical approach does need a tagged corpus to train the language model (LM) instead of
handcrafted grammatical rules. Word sequences which occur often in the corpus can be
considered correct in other texts; too, uncommon sequences might be error [3]. In statistical
approach, all the required statistical information is extracted from a set of corpora and the text
will be compared against the extracted information. The statistics extracted by language
modeling techniques are commonly known as n-gram statistics [29]. The problem of this
approach that is, performance of a system depends on the amount of the corpus. Specifically, the

performance is higher if the amount of the corpus size is large, else low in performance [24].

In general, a statistical approach uses N-gram models in which a language model of the
probability of a text, conditioned on some number of previous documents. In this model, the
document is viewed as a sequence of n texts and probabilities. The probability of a text in a
language is a sub sequence of n neighbored tokens in a sentence, where n defines the number of
tokens. The N-Gram probabilities come from a training corpus that is used by the
system to detect a sentence which is grammatically incorrect. After the entire text of a document,
it is scanned for errors and the result of a scan is a list of all possible errors in the text that
measure the probability of the text using n-gram analysis. The possible error examines against
the simply setting the threshold high enough for an error should be sufficient to satisfy this
requirement. However, a grammar checker with a threshold that is too high will miss a large
number of legitimate errors [29].

The fundamental equation of calculating the probability can be written as: P (w/h) where, w is
the input text or word, h is the training data or corpus, and P (w/h) is the function of calculating
the existence probabilities of w in h. Then the word w is classified as grammatically correct
where the probability result meets some threshold otherwise the word is verified as incorrect [25,
3].

2.3.4 Syntax-based Approach
In this approach, a sentence is completely parsed into a tree like structure to check the

grammatical correctness. The sentence is said to be correct if the parsing succeeds and incorrect
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if parsing does not succeed. The advantage of syntax-based approach grammar checker approach
is it is always complete, that means any incorrect sentence will be detected, no matter how
unknown the error is. Unfortunately, the grammar checker will only be able to detect that there is
some error, but it will not be able to suggest that what exactly the error is. There is also a major
problem of syntax based approach; it requires a complete grammar that covers every type of text
needed to be checked. There are many grammar checkers but there is no robust grammar checker
or a parser available today. Usually, parsers give more than one than result even for correct
sentences because they suffer from natural language ambiguity [17].

2.3.5 Hybrid Approach
As its name implies, this approach takes the combination of either rule based approach and

statistical based approach or syntax based and rule based by taking the advantages from both
approaches to improve the performance of the system [13]. A grammar checker system based on
a hybrid approach such as statistical and rule based approaches gives better results than the
corresponding uncombined approaches [15].

2.4 Grammar Checker Evaluation
An evaluation of systems result by comparison error and correct text ground truth is common in

various NLP systems such as grammar checker, question answering, and etc. Many NLP systems
are evaluated using precision, recall, and F-score [31]. Precision describes the proportion of
detected correct errors by the system from the given errors. Recall describes the proportion of
all detected errors by the system from the given errors. It measure of how much errors the system
has detected (coverage of system). F-score is derived from two summary measures such as
precision and recall. The F-score is calculated by evenly weighting precision and recall [32].

For instance, there is a reference comprising a set of tags representing ground truth. Each tag
consists of one or more slots, depending on the tag. (For example, in Named-Entity extraction,
each tag has two slots “type” and “extent” while in Template-Element and Scenario-Template
extraction. Each system participating in the test produces a response or hypothesis comprising
another set of tags, each of which also consists of one or more slots. An algorithm is then used to
align the hypothesis against the reference. The corresponding slots are then matched and scored
as either correct or not. If not correct, the error is marked as either a substitution (incorrect slot),
deletion (missing slot), or insertion (spurious slot). The scores are then added up and different

measures of performance are computed. It should point out that this paper does not address the
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important issues of how to align the hypothesis to the reference or how to decide whether a slot
is correct or not. This paper is only concerned with how to compute system performance, once
the alignment is completed and the correct/incorrect decisions for all the slots have been made.

To help in the analysis that follows, define the following symbols [33]:

N= total number of slots in the reference

M = total number of slots in the hypothesis

C= number of correct slots — those slots in the hypothesis that align with slots in the reference
and are scored as correct

S= number of substitutions (incorrect slots) slots in the hypothesis that align with slots in the
reference and are scored as incorrect

D = number of deletions (missing slots or false rejections) slots in the reference that do not align
with any slots in the hypothesis

I= number of insertions (spurious slots or false acceptances) slots in the hypothesis that do not
align with any slots in the reference.

From the above definitions that

N=C+S+D (1)
M=C+S+]I (2)
The total number of correct, substitution, and deleted slots is equal to the total number of slots in
the reference, N, which is fixed for a given test set. The value of M, however, is in general
different for each system being tested. M may be larger or smaller than N, depending on whether

insertions are more or less than deletions.

Precision and recall are then defined by:

C C
Precission(P) = — = ————
recission(P) M-CFSTI 3
R llR—C— ¢ 4
eall®) =y =t¥s7D )

Precision is the percentage of slots in the hypothesis that are correct, while recall is the
percentage of reference slots for which the hypothesis is correct. Precision takes account of
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substitution and insertion errors while recall takes account of substitution and deletion errors. It
is possible to “cheat” at both these precision and recall, in that one can design a system with
certain behaviors that are of very limited use but achieve high scores. For recall, if a system
simply returns everything possible, then by definition is complete it has returned every correct
answer, there are no false negatives. Such a system would have recall of 1.0, but contribute little.
If one correct answer can be found, then that is all that needs to be returned. Because no false
positives are generated, and the numerator is above zero, so this gives maximum precision 1.0.
Together, these metrics can be balanced out. These extreme situations used to exploit them
contrast with each other: returning everything gives only a baseline precision, and returning just
one thing typically gives a very low recall measure. Therefore, we evaluating using F-score,

focus are given to true positives, false positives and false negatives.

F-score is derived from two summary measures Precision and recall and defined as:

Fog _2*xPx*R c
core = P TR (5)
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Chapter Three: Related Work

3.1 Introduction
A lot of studies have been done in grammar checker as a task of Natural language processing

(NLP) using different approaches for various languages. In this chapter, we discuss earlier
grammar checker works conducted to Ethiopian languages such as Amharic and Afaan-Oromo,
and non-Ethiopian languages such as English, Swedish, Bangla, Nepali, and Punjabi. In addition,
this section also reviews grammar checker works using different grammar checker development

approaches such as rule based, statistical, and hybrid.
3.2 Development of Grammar Checker for Ethiopian Languages

Aynadis Temesgen and Yarega Assabie [15] have conducted a research which proposed to
identify and detect grammar errors for Amharic text sentences using two different approaches of
grammar checker system development, which are statistical and rule based approach. The rule
based Amharic grammar checker aimed to identify errors in simple sentences using hand-written
grammar rule and consists of three modules such as Sentence Splitter, Morphological Analyzer,
and Grammar Relation finder. The functionality of those modules is the sentence splitter module
that is used to split input text into sentences and the sentence into words. The morphological
analyzer module is performed to assign linguistic meanings to each word. The grammatical
relation finder module is performed to assign grammatical relation between words in a sentence,
and the grammar rule checker module is used to find a match grammar relation of patterns
extracted in the grammatical relation finder module against the hand-written rules. The Statistical
Ambharic Grammar Checker (STAMGRAM) is used to identify grammar errors in simple and
complex Ambharic sentences using N-gram probability result of Trigram and Bigram. The
performance of both the rule-based Amharic grammar checker and STAMGRAM approaches is
evaluated using self-made corpus that contains grammatical errors. Based on the results that the
researchers got, they concluded the rule-based Amharic grammar checker has performed 92.45%
of precision, and 94.23% of recall. The STAMGRAM performs a precision of 59.72%, and recall
82.69% in Bigram and a precision of 67.14%, and recall of 90.38% Trigram. The researcher
stated that the system shows a false alarm due to incomplete grammatical rules and quality of the
corpus and recommends that the combination of the rule-based and statistical approach by
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mixing the good qualities of the two approaches to detect high level grammatical errors can

increase the performance of a grammar checker system.

Debela Tesfaye [16] has conducted a rule-based grammar checker for Afaan-Oromo language to
determine grammar error in Afaan-Oromo texts by finding match grammatical rules designed
manually. The proposed system in this study has five modules, namely, Tokenization, POST,
stemmer, grammar relation finder and suggestion creation modules. The performance of this
system is tested against manually prepared real world Afan-Oromo texts based on recall and
precision, and the result is 80% and 88.89% respectively. The researcher stated that some correct
texts are identified as incorrect, and incorrect texts as correct. Thus, false flags are due to
compound, complex and compound complex sentences because most of the grammar rules are

constructed for simple sentences.

3.3 Development of Grammar Checker for non-Ethiopian languages

Xing and Wang [11] adapt a hybrid of rule based and statistical approaches of grammar checker
system to detect English error texts. The study was developed to find and correct error types of
article or determiner, noun number, preposition, verb form and subject-verb agreement errors. In
this study, the researches constructs manually rules and develop language model using N-gram
based on the Google corpus to detect the grammatical errors in English. The system has five
components such as Vform, SVA, ArtOrDet, Nn, and Prep. In the ArtOrDet module the system
detects error regarding to article or determiner by select the best candidate from a confusion set
of possible article choices {a, the, an, g}. In the Nn module the system detect the noun errors in
the text whether it is singular or plural. In the Prep module, the system corrects system corrects
errors for the five most frequently prepositions which are in, for, to, of and on. In the Vform
module the system determines and corrects the correct form of a verb in the English texts. In the
SVA module the system detects subject-verb agreement errors. The performance of the system
based on the precession, Recall, and F-Score is 0.3712, 0.2366, and 0.2890 respectively.

Alam and UzZaman [6] developed a statistical Grammar Checking System for Bangla and
English language. The study is proposed by considering the n-gram based analysis of words and
POS tags to decide whether the sentence is grammatically correct or not. The proposed grammar
checker works first by assign tag for each word of a sentence, next uses n-gram analysis (LM) to

determine the probability of the tag sequence. Then if the probability is above some threshold
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then the sentence is considered grammatically correct otherwise incorrect. The performance of
this system is tested using manually and automatically tagged corpus. Using manually tagged
English corpus, the performance of the grammar checker for English is 63% (detected 545
sentences as correct, out of 866 correct sentences). Using manually tagged Bangla corpus, the
grammar checker’s performance is 53.7% (detected 203 sentences out of 378 correct sentences).
The performance of the grammar checker also tested using 34 automatically tagged sentences for
Bangla. Then, the grammar checker produced result with lower performance which is 38%
correct result. The researchers described limitation in their approach, with possible solutions of
future work the grammar checker can be a hybrid system combining both statistical and rule

based approach to increase the performance.

Rule based grammar checker for Punjabi language system [28] identifies grammatical errors in
Punjabi texts such as modifier and noun agreement, subject and verb agreement, noun and
adjective, order of modifier of noun in a noun phrase, order of verb in a verb phrase and the like.
To detect the errors the system passes through few steps or phases initially, pre-processing task is
done on the input text which is tokenization, morphological analysis, rule-based part of speech
tagging, chucking and finally, using the grammatical error checking rule, grammatical errors
internal to the phrases and the sentences will be identified and correction suggested. The
evaluation of the grammar checker shows precision of 76.79%, recall of 87.08%, and F-measure
of 81.61%. The researchers stated that the system generated some false alarms for complex and
compound sentences. To reduce these false alarms they indicated to work in the future by

combining other approaches.

Domeij and Knutsson [12] investigated the achievement of carefully constructed grammatically
error detection rules for Swedish texts combining of probabilistic and rule-based techniques. The
error detection rules are optimized using statistics of part of speech bigrams and words in a way
that each rule needs to be checked as seldom as possible. The researchers proposed components
to detect the grammatically incorrect Swedish texts such as Tagging and lexicon, Error rules,
Help rules and erroneously split compounds components. The authors are still working with
optimizing the system and improving the error rules. The preliminary test of the system is
conducted with the error rules show that a recall rate above 50 percent and a precision rate above
90 percent for agreement errors and erroneously split compounds. In addition the authors stated
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that, they compare with other related studies and they got better results than systems that use
rule-based.

Bal and Shrestha [25] describes the architectural and system design of the Nepali Grammar
Checker, which is in due course of research and development. The development uses a rule
based approach with the Grammar Checker consisting of independent modules. These modules
then in turn serve as a pipeline for the overall integrated system. The Grammar Checker aims to
check the grammatical errors such as nominal and verbal agreement, parts of speech inflections,
phrase and clause structure and the different categories of sentence patterns for Nepali. Out of
the modules proposed in the architectural and system design of the Nepali Grammar Checker, the
research and development of the first two modules, namely the tokenizer and the morphological
analyzer has been partially completed. A prototype of the two modules is also ready and in the
process of being tested and added complexity hand ling features. As mentioned earlier, the
proposed architectural and system design of the Nepali Grammar Checker is subjective to

changes as further findings of the research work come out in future.

3.4 Summary
From the related work, we have reviewed researches done for Ethiopian Languages and non-

Ethiopian languages using different approaches. We understand that the rule based grammar
checker systems have drawbacks such as having false flags to detect texts such as compound,
complex, and compound complex sentences. The statistical grammar checker approach system
also requires large size grammatically correct and POST annotated corpora. The hybrid of
statistical and rule based grammar checker approach shows better performance by compromising
the drawbacks of each approach. Even if new hybrid systems are available, they didn’t identify
and detect Tigrigna grammar errors because the techniques are language dependent and the way
they are being applied depends on the characteristics of the language. On the other hand, to our
best knowledge, there is no grammar checker developed to detect grammatical errors in Tigrigna
text.

Thus, in this work, we aim to develop Tigrigna grammar checker. We hypothesize that a hybrid
of rule based and statistical approach provides better results for identification of the grammar

errors in Tigrigna texts.
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Chapter Four: Design of Tigrigna Grammar Checker
4.1 Introduction

In this chapter, we design a Hybrid Tigrigna grammar checker system that detects grammatical
errors in Tigrigna senesce using manually prepared grammatical rules and tag sequence and the
results analyzed from a single corpus. The system architecture and detail description of modules

and components in the modules also follows.

4.2 System Architecture

In this section, we explain our system architecture by specifying list of particular components’
function with specific approach to perform its task in general. Specifically, we proposed a
Tigrigna grammar checker to detect grammatically incorrect written Tigrigna texts with a hybrid
of rule based and statistical based approach. Our system consists of five main modules such as
tag sequence gathering, preprocessing, rule based grammar checking, statistical grammar
checking, and grammar error filtering. To describe the functionality of those modules, first, the
tag sequence gathering module performs a unique tag sequence probability to fill the language
model with a list of tag sequence and their probability. Second, the preprocessing module is
present to tag tokens within a morphologically based POS tag. Third, the rule based grammar
checker module is responsible to detect agreement grammatical errors of the tagged sentence.
Fourth, the statistical grammar checker module is used to detect word sequence agreement
grammatical errors. Finally, we present grammar error filtering module which is responsible to

display grammar error messages. The overall Architecture of the system is be seen in Figure 4.1.
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4.3 Tag Sequence Gathering
In this module, tasks are performed to extract the tag list from Tigrigna corpus and it calculated

the probability of unique tag sequence from the list. Specifically, this module has three main
components namely tag splitting, tag sequence extraction, and tag sequence probability
calculation. The tag splitter component splits tags from the tagged corpus; the tag sequence
extraction extracts list of tagged sequences. The unique tag sequence and their probability is
calculated and filled in to the language model by the unique tag sequence probability calculation

component.

Our corpus has Tigrigna sentence which is structurally annotated by morphology and part of
speech (POS). Each sentence starts with the <s> and ends </s> token, each word in the sentence
is tagged inside the <w> and </w> markers and the punctuations in the sentence are inside the
<c> and </c> markers as shown in Figure 4.2.

<8 n="2"» <w type="PRP">¥LFL /i <w type="ADJ p"»lkm</wy < type="N p">%®4¥</uy <c type="FUN doot"»"</c»

< type="ADJ s">RRPCREC/wy <n type="N_s">WHaG</wr < type="N_PRP s"»I¥K/w> <w type="CON">DE</ w>

< type="ADJ s">hhR</wy <u type="N_p">eeC@hd/wy <u type="V AUK Ssm3"vAf</wy <w type="V REL Ssm3">Heegh</u>

<c type="PUN deot"»"</c» <w type="V REL Ssm3">MA</wr < type="ADJ s">¥M</wr <u t;-'pe=“N_s”>hﬂ'ﬂ'ﬁ'flj'<;";s}

< type="V GER Ssm3"¥if4</w> <c type="PUN end"»#</c> </s>

<8 n="3"> <w type="CON"AWP{/wy <w type="N sm3">@fhE</wr <w type="CON">RO/w> < type="ADJ s">RAPCRE</w>

< type="N s">AMAG /vy <w type="ADJ p":HImPTP vy v type="N p">AAR/wr <w type="PRE":0R{/wr

< type="NUM 8">hf</w> < type="N_s">hflid-fde/v> <w t;-'pe=”ADJ_PRP_s“>mﬁﬁ‘k;’w> < type="ADJ PRP s"rhidA@% />
< type="N s">RMMI/w> <w type="V IMF Spu3">fddb</w> < type="V AUX Spm3"»1BCP</w» <c type="PUN end"»#</cr> </s»

Figure4. 2 Sample sentence in the Tigrigna corpus
4.3.1 Tag Splitting

The tag splitting component is responsible to split the corpus into a list of tags and returns the tag
list in an array list structure. It starts by taking the corpus as input, and then it split the corpus
into a sentence and then each sentence into tag list. Each tagged sentences in the corpus were
splitted based on the sentence start <s> and sentence end </s> tokens; and it split each sentence
into tag list by adding <start> and <end> tags to the beginning and the end of the sentence
respectively. Each tag of the tokens in the sentence are also separated for word tokens by

<w></w> and for punctuation tokens by<c></c>.

For instance, to split the sentences of the above corpus as seen in Figure 4.2. To tag the list, the

tag splitting component performs tasks such as, first find the starter of the sentence (<s>) in the
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corpus, then identify each token until it gets end sentence (</s>), then it groups all token array in

the sentence level as shown in the Table 4.1.

Table4. 1Tigrigna sample Tagged sentence array list

Index Sentence List

0 <start><w type="PRP">¢&9.</w><w type="ADJ_p">Hh</w><w
type="N_p">qavt+</w><c type="PUN_dcot">“</c><w
type="ADJ_s">hAPCAL</W><w type="N_s">a7has</w><w
type="N_PRP_s">01057</w><w type="CON">mg</w><w
type="ADJ_s">ahg</w><w type="N_p">aqeat</w><w
type="VAUX_Ssm3">A.8</w><w type="V_REL_Ssm3">Hagh</w><cC
type="PUN_dcot">“</c><w type="V_REL_Sm3s">H-NA</w><w
type="ADJ_s">7re</w><w type="N_s">harA W AF</Ww><w
type="V_GER_Ssm3">1e4</w><c type="PUN_end">:</c><end>

1 <start><w type="CON">hg°</w><w type="N_s">®-a hk</Ww><w
type="CON">&aI</w><w type="ADJ_S">hAIPCAL</W><w

type="N_s">a7has</w><w type="ADJ">HImI°°</w><w type="N_p">a0A+</w><w
type="PRE">¢e</w><w type="NUM_s">h2</w><w type="N_s">h Nl t-aN</w><w
type="ADJ_PRP_s">ha P r</W><w type="ADJ_PRP_s">AANa®7</W><w
type="N_s">a10N</w><w type=" V_IMF_Spm3">g-tcht</w><w type="
V_AUX_Spm3">1ec9e</w><c type="PUN_end">:</c><end>

Second, from the group of array list of tokens in the sentence level needs to identify each tokens

tag type using <w type="tag”> </w> for a words and for punctuation <c type="tag”> </c>. Some

of the array tag list of the spllited tagged sentence array in the Table 4.1 is shown in the Table

4.2.
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Table4. 2Tigrigna sample Tag array List

Index

Tag List

0

<start>

PRE

ADJ p

N_p

PUN_dcot

ADJ

N_s

N_s

CON

O O N o O] | W N P

ADJ s

In general, the overall task done by the tag splitting is expressed in Algorithm 4.1.

Read Corpus

Set Sentence List[]=corpus split by <”<s> </s”>,

Set Tag List[]=""

For each sentence in Sentence List

Set Token List[]=sentence split by (“<w> </w>"” or“<c> </c>")
Add <sart> in Tag List
For each token in Token List
Add tag of token in Tag List
EndFor

Add <end> in Tag List

EndFor

Return Tag List

Algorithm4. 1Tigrigna tag splitting
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4.3.2 Tag Sequence Extraction
This component is used to extract sequence of tag list array from the tag list which gets from tag

splitting component. It starts by taking of the array tag list as input, then it extracts a sequence of
tag list with the range of <start> and <end> tags; in which the <start> and <end> indicate that

tag sequence in an individual sentence prepared by 3-tag sequence and 2-tag sequence of lists.

Using the 3-tag sequence we extract a group of three tags which occurs sequentially within a
sentence. First, it starts by taking the tag list array, then extracts each 3-tag sequence in the tag
list starting from the <start> into the <end> tag, when it reaches the <end> marker it starts from
the next tag which is <start> maker of the next sentence. In each tag sequence of a sentence
consists a list of three tags which are the tag i.; is the previous tag, tag i is the current tag, and tag
i+1 1S the next tag in the tag list. For instance, the array tag list in Table 4.2 is extracted to 3-tag

sequence array list as shown in the Table 4.3.

Table4. 3 Tigrigna sample 3-tag sequence array List

Index 3-tag sequence

<start>, PRP , ADJ p

PRP, ADJ_p, N_p

ADJ _p, N_p, PUN_dcot

N_p, PUN_dcot, ADJ

PUN_dcot, ADJ, N

ADJ, N, N_s3

N, N_s3, CON

N O o B~ W N | O

N_s3, CON, ADJ_s

Using 2-tag sequence it extracts a sequence of two tags from the list of tag lists. For instance, the
array tag list in Table 4.2 is extracted to 2-tag sequence array list as shown in the Table 4.4. The
task of the tag sequence extracted is expressed in Algorithm 4.2.
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Table4. 4 Tigrigna sample 2-tag sequence List

Index 2-tag sequence

<start>, PRP

PRP , ADJ
ADJ p,N_p
N_p, PUN_dcot
PUN_dcot, ADJ
ADJ, N

N, N_s3

N_s3, CON

~N| o o B~ W N | O

Read Tag List
Set threetagseq List[]="", twotagseq List[]=""
Set tagl= 0, tag2= 0, tag3= 0
For i=0; i< Tag List;i++
tagl= Tag List[i], tag2= Tag List[i+1],tag3= Tag List[i+Z]
If tagl or tag?2 is not <end>
Add tagl, tag2, tag3 in Threetagseq list
End IF
END For
Set tagl= 0, tag2z2= 0;
For i=0; i< Tag List;i++
tagl= Tag List[i], tag2= Tag List[i+1]
If tagl is not <end>
Add tagl, tagZ2 in Twotagseq list
End IF
END For

Return threetagseq List, twotagseqg List

Algorithm4. 2 Tigrigna tag sequence extraction
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4.3.3 Unique Tag Sequence Probability Calculation
This component is responsible to calculate the probability of each unique tag sequence list that

comes from the Tag Sequence Extraction component by using the N-gram statistical language
model in order to calculate the probability of the tag sequence. Specifically, N is given as N=2
and N=3 applied to calculate the probability of 2-tag sequence and 3-tag sequence respectively

and then the tag list and its probability is recorded in the data base of Trigram and Bigram tables.

Read Threetagseq list,Twotagseq List,Bigram, Trigram
Set CountTagseqg=0, tagseqrobablity=0, Count tag=0
Set total tagseg=Threetagseq list.Count + Trigram.Count,
For tag in Threetag List
If tag not in Trigram
Count tag=count tag in Threetagseq list
tagseqgrobablity= Count tag/ total tagseq
Add tag, tagseqrobablity in Trigram
End If
End For
SET CountTagseqg=0, tagseqgrobablity=0
Set total tagseg=Twotagseq List.Count + Bigram.Count
For Tag in Twotagseq List
If tag not in Bigram
Count tag=count tag in Twotagseq List
tagseqrobablity= Count tag/ total tagseq
Add tag, tagseqgrobablity in Bigram
End If

End For

Algorithm4. 3Tigrigna tag sequence probability calculator

Generally, the 2-tag and 3-tag sequences and their probabilities are used by the statistical
grammar checker to detect word sequence grammar errors in a sentence. We choose lower

sequence of tag which is 2-tag sequence and 3-tag sequence instead of higher sequence of tag
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such as 4-tag sequence or 5-tag sequence. Since most of the time people write lower and
different word sequences, higher sequence of tags may lead to some zero conditional
probabilities. For this reason, we use the 2-tag and 3-tag sequence for our system to determine

whether the word sequence of input sentence is correct or not.

4.4 Preprocessing
This module has two main components namely tokenization and tagging components. The

functionality of the tokenization component is tokenizing Tigrigna input texts into tokens with in
a sentence level and also tagging component is responsible for returning the tag type of tokens
with the help of tagger dictionary.

4.4.1Tokenization
As mentioned above, this component is responsible for performing splitting of input text as a

sentence level; if it is a sentence or phrase into tokens. However, if it is a paragraph, it split into
sentence then the sentence into tokens. To split the input text into, a sentence it uses punctuations
like full stop (double colon (::)), question mark (?), and exclamation(!) then finally gets tokens
within a sentence which are separated by white space or the single colon punctuation (:).

To accomplish its specific task, it starts by reading the Tigrigna input text, then it splits the text
into separated sentences, then each sentence into tokens, and it adds <start> and <end> sentence
markers. For instance, the system splits the input text A0 §N MA+9CH he4 into seven tokens,
and it adds the <start> and <end> marker to the sentence. Finally, it returns the token list:
‘<start>’, ‘AN, LTHTPVCE , hes )’ <end>’.

4.4.2 Tagging

The tagging component is also used to tag tokens within their appropriate morphology based
POS tag from the tagger dictionary. It starts by accepting token list in a sentence from the
tokenization component as input and assigns each token with a tag by the help of tagger
dictionary. The tag has information of tokens in word class (POS) and its inflection information
(morphology) of each word class. The tokens which are not in the tagger dictionary are tagged as

“Unknown”. Table 4.5 shows sample tag type in the dictionary and their descriptions.
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Table4. 5 sample tag type in the tagger dictionary

Tag type Description

N_s Noun singular in number

N_sm3 Noun singular in number, masculine in gender, and third person

N_sf Noun singular in number, and feminine in gender

N_si Noun singular in number, first person

PRO p Pronoun plural in number

V_GER_Ssm_Of Gerundive verb, Subject(singular in number , masculine gender),
and Object feminine

NUM_P Plural number (plural Quantifier)

V_PRF_Ssm3 Perfective Verb, and Subject (singular in number , masculine gender,
and third person)

ADJ s Adjective singular number

ADJ p Adjective plural number

N_pf Noun plural number, and feminine gender

V_IMV_Ssm3_0Osl1

Imperfective Verb, Subject(singular, Masculine, and Third person),

and Object (singular, and first person)

For instance, the tagging component in this system returns tagged sentence for the tokenized

input in the sentence(‘<start>’, ‘A0Q,¢ ;0L t9°UCHE 'he4' ) ::°,’<end>").as: first, the tokens

<start> and <end> are considered as the starting and ending marker tokens of a sentence and

they are not tagged. The system simply adds these tokens into the tagged sentence. Second, the

token AnN is noun singular number and masculine gender tagged in the tagger dictionary as

N_sm (Noun Singular Male) is tagged as Ann|] N_sm and added into the tagged sentence;

similarly the other tokens are tagged. Finally, the tagged sentence of the tokenized sentence that
can be returned is (<start>, A0A] N_sm, 4|Det, Q++uCtN_s, hesV_AUX_Ssf3,

:)|PUN_End,<end>).

The overall process and task of the preprocessing module is shown in the Algorithm 4.4,
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Read InputText,TaggerDictionary

Split InputText into Sentence// based on sentence end
punctuation

For Each Si in Sentence //where Si,i=1,2,3,..,n, n 1s number of
sentence

add <start> to Tokenized sentence// sentence start maker

split Si into Token// tokenized sentence si using white
space or double colon (:)

For each Ti in Token //Where Ti,i=1,2,3,..,n n 1s number of
sentence

Add Ti to Tokenized sentence
End for//
add <end> to Tokenized sentence// sentence end maker
End For// end of tokenization
Set tagged sentence 1is empty
For Ti in Tokenized Sentence
If Ti is <start> or <end>
Add Ti in tagged sentence
Else If Ti is in TaggerDictionary
Add Ti/tag of Ti in tagged sentence
Else
Add Ti/Unknown 1in tagged sentence
End for

Return tagged sentence

Algorithm4. 4 Preprocessing module
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4.5 Rule-based Grammar Checking
This module is used to identify grammar errors regarding Tigrigna language, by specifying the

grammar errors in agreement with grammar error type. The agreement error includes Subject-
Verb, Object-Verb, Modifier-Noun, and Adverb-Verb grammar agreement errors. To determine
these agreement error types, the system uses a set of Tigrigna grammar rules which can be
manually designed. In order to perform the determining of grammar agreement error, this
module has two components, namely morphological feature based agreement extraction and
grammar agreement relation checker. The Morphological feature based agreement extraction is
used to extract the grammar agreement information in the tagged sentence of the input text. The
Grammar agreement relation checking is applied to determine whether the extracted agreement

information is correct or not according to the rule.

4.5.1 Morphological Feature Based Agreement Extraction
The Morphological feature based agreement extraction (MFAE) component is used to extract

error types within Noun-Modifier agreement, Subject —Verb agreement, Object-Verb agreement
in gender, person, and number, and adverb verb agreement in time, place and manner. To do this

the system uses tag pattern information of the tag list in the sentence.

To etxtract Noun Modifier agreement it uses Noun (N) head tag and Modifiers of determiner
(Det) or Adjective (Adj) or Pronoun (PRO) or Number (Num) pattern. To perform this we
develop an algorithm which is responsible first to look up a head tag pattern noun (N) with a
modifiers Adj, PRO, NUM, etc. ; then it being labeled the pattern of the noun and the modifier

before it as a Noun Modifier Agreement.

For instance, the Noun Modifier Agreement in a tagged sentence (A#9°/PRO_pm3, +9°7¢/N_p,
he&g/\V/p_Spm3, ::/PUN_End) is extracted as follow: First, the system reads tagged
(A 79°/PRO_pm3, +9°7¢/N_p, hesd?/V_AUX_Spm3, ::/PUN_End). Second, it looks a head noun
tag with preceding modifier patterns then it extracts the agreement from both the noun and the
modifier. In this example, the agreement from the head nouns (+9°7¢/N_p) and modifiers
(2 F9°/PRO_pm3) that modify the noun can be extracted as Noun Modifier Agreement.Finally,
the agreement is marked for the noun -+9°7¢/N_p and the pronoun modifier A#9°/PRO_pm3 in
which the noun is plural in number and empty in gender and person; the modifier is plural in

number, masculine in gender, and third in person. The Noun Number Agreement Extraction
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assigns the tag pattern of the noun N_p associated with the modifier PRO_pm3 agreement in to
Agrrement_in_sentence = N_p+PRO_p. The work flow of Noun Modifier Agreement Extraction

is shown in Algorithm4.5.

Read tagged sentence

For i=1; i<tagged sentence.count; i++
N= tagged sentence [1i]
If N is noun

for m=i-1; tagged sentence[m]is Adjective or Determiner or
Number or Pronoun;m--

M= tagged sentence[i-1]
Add N of tag + M of tag into Agreement in sentence
End for
End If
End For

Return Agreement in sentence

Algorithm4. 5 Tigrigna Noun Modifier Agreement extractions

The extraction of Adverb-Verb agreement is similar to Noun Modifier agreement extraction
which differs to extract adverb and verb agreement in time, place, and manner. To perform this,
the first adverb modifies the first verb in the sentence. Accordingly, the extraction of adverb-verb
agreement is shown in Algorithm 4.6.
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Read tagged sentence
For i1=0; i<tagged sentence.count; i++
Adv= tagged sentence [i]
If Adv is Adverb
For j=i+1, j<tagged sentence.count;j++
Ver= tagged sentence[j]
If Ver is verb

Add Adv of Time + Ver of Time, Adv of place + Ver
ofPlace,AdvofManner+VerofManner in Agreement in sentence

End If
End for
Set i=j+1
End If

End For

Return Agreement in sentence

Algorithm4. 6 Tigrigna Adverb verb agreement extractions

The subject verb agreement between the subject and verb in a sentence agreement is done
according to number, gender and person tag value of the subject and the verb. The subject of a
sentence taken from the tagged sentence in which it tagged as noun (N) or Pronoun (PRO) and
the verb is taken from the tag pattern Verb (V). The first noun or pronoun and verb tag in the
sentences is considered as the subject-verb agreement; this is when the sentence consists of one
subject and one verb; but may be a sentence can consist of more than one subject and verb. So,
the first subject is associated to the first verb and the next subject which comes after the verb is
also considered as the second subject and if there is a verb after it will be taken as the second
subject verb agreement. It continues finding consecutive noun and pronoun in the sentence, it
means if the sentence is complex sentence or complex compound sentence it may have more

than two subject and verbs.

Each subject verb agreement will consist of three parts such as number, person, and gender for

both subject and verb. For instance, (A#9%PRO pm3 719°/C/Np, S(/PRE, T+I°UCTHOLTN,
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av3 k/Vp_Ssm3_0_, :/EPUN). In this sentence the first pronoun word in the pattern 4-#9°/PRO_pm3
indicates the subject of the sentence and the verb word in the pattern @v2.A/Vp_Ssm3_O
indicates the verb of the sentences. The agreement will be taken from the pattern of the subject
PRO_pm3 and the verb subject marker Vp_Spm3, and the Grammar Agreement Making creates
the Subject verb agreement as: SVA (subject=A#+9% verb=ev3 k):Sp+Vs, Sm+Vm,
S3+V3.Agreement_In_sentence= Sp+Vs, Sm+Vm, S3+V3

The following is our proposed algorithm for Subject Verb Agreement Extraction:

Read tagged sentence
SET S="", V=""
For k=0; k< tagged sentence.count;k++
If (tagged sentencel[k] is Noun or Pronoun)
For v=k+1; v< tagged sentence.count; v++
If (tagged sentence([v] 1is Verb)
S= tagged sentence (k]
V= tagged sentence[V]

Add (S of number+ V of number, S of gender+ V of gender, S of
person+ V of person) in Agreement in sentence

End If
SET k=++v
END For
END If
END For

Algorithm4. 7 Subject verb agreement extractions

The same as the subject verb agreement the object and verb agreement of the sentences will be
created. The object of a sentence will be taken from the tagged word comes as a second noun (N)
or Pronoun (PRO); and the verb of the sentence will be taken from the verbal phrase at the end of

the sentence before the PUNC tagged as Adverb (Adv), or verb (V) having an object mark .
For example the object-verb agreement of the morphology based POS tagged sentence is done as follow.

S2(h.L1/N_sm3, 13/PRO_sf3, Hocé-A/Adj_sf3, +9°7¢+/N_sf3, N0t+é/Adj, @EdP/Vp_Ssm3_0sf3,

‘2’/PUNC_End). From this example the object of the sentence is second word tagged as
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17/PRO_sf3 and the verb is the word tagged as object maker @®oP/Vp_Ssm3_ Osf3.The

agreement will be looks like: Agreement_In_sentence = Os+Vs, Of+Vf, 03+V3

4.5.2Grammar Agreement Relation Checking
This component is responsible for checking whether the input text agreement is grammatically

correct or not according to Tigrigna grammar agreement rules after agreement is extracted by
MFAE. The system uses the Tigrigna Grammar Rules that can be constructed manually to detect
errors in agreement error among noun- modifier, subject-verb, and object-verb, in terms of
number, gender, and person; and adverb-verb in time to find the input sentence patterns matches.
The matching is done based on linear search of subsequent pattern in the agreement list of the
input sentence. If the input agreement pattern exists, the Grammar Agreement Relation Checker
considers the input grammar agreement as incorrect agreement relation and it sends the grammar
agreement error type and example related to the error type available in the rule to the grammar
error filter component. Otherwise, the grammar agreement relation of the input sentence is
treated as a correct grammar agreement and sends correct message. The system uses the
grammar rule file in the xml file to check errors in a sentence, if a pattern declared in the rule

matches the input sentence, then error is shown to the user.

The rules have the properties of rule, pattern, and example. For instance, Figure4.3 shows about

noun modifier gender agreement error rule.

<rule id="NMA" message="Noun-Modifier gender Agreement Error">
<pattern>Nf+Mm</pattern>
<pattern>Nm+Mf<pattern>

<Example> correct 1P Ach?l, Incorrect 1€ Ach?l. </Example>

</rule>

Figure 4. 3 Sample grammar rule

rule: is the type of agreement error used for automatic testing of its correctness.
pattern: is a list of error tokens that may appear in each agreement rule types.
example: is a string detail of the error type within message displayed to the user along with the

rule and error type.
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For instance, if the rule based grammar checking finds a match in the rule NMA in the pattern of
Nf+Mm or Nm+Mf with the input agreement pattern; then agreement error type “noun modifier
gender agreement error”’, and the Example “correct 1P/ A/hL; incorrect 18 A1, “also appear
asa sample error.

Our proposed grammar agreement checker algorithm is shown in Algoritm4.8.

Read Agreement In sentence, rule

ErrorType[]="";
for k = 0; k < Agreement In sentence.count; k++
SET 1 = 0
while 1 <= rule.count
1f Agreement In sentence [k] matches rule.pattern [i]
Add rule.pattern[i]in ErrorList
Add rule.Example[i]in ErrorExample
Add rule.type[i] in ErrorType
error++
end if
1++
end while
End for
if (error>0)
Return ErrorList, Errorexample, ErrorType
else

Return correct

Set error = o, AgreementErrorList[]="",ErrorExample[]=""

/4

Algorithm4. 8Tigrigna Agreement Relation checker

Additionally, if Agreement_In_sentence is given as Sp+Vs, Sm+Vm, S3+V3 in the input
sentence (A#9%/PRO pm3, 719°/C/N p, TO/PRE, TI°UCTNFIN, aP.h/Vp Ssm3,:: /PUN_End) the
basic principle of Subject-Verb Agreement is singular subjects need singular verbs; plural
subjects need plural verbs; Feminine subject needs Feminine verb, masculine subject needs
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masculine verb, and both needs similar person owner etc. Therefore, the subject verb agreement
grammar checkers is key point to decide whether the subject and the verb agree or not. In this
sentence subject verb agreement agrees in person and gender (Sm+Vm, S3+V3), but disagree in
number (Sp+Vs); the subject plural disagree with verbal singular. Thus, a rule is required that
matches number, gender and person in the subject and verb. The agreement relation checking
detects inputs like this sentence as incorrect text and sends the agreement relation error into the
grammar error filtering component, like: Tagged sentence: A+”9%/PRO pm3, 79°7(/N p, G(/PRE,
TIVCHHN, aP84/Vp_Ssm3, i1 [PUN_End

Agreement Error list: Sp+Vs

Error Type: Subject Verb number disagreement

Error Example: correct- 7o 9497 Incorrect- +97°% ik
4.6 Statistical Grammar Checking

The task of rule based grammar checker is limited to detect grammar agreement error types only.
However, Tigrigna language has not only SVA, OVA, AVA, and NMA error in grammar but
also the WSA error is part of the grammatical error. In order to solve WSA errors, we use
statistical based approach to the statistical grammar checker module. Since, the word sequence in
a sentence and phrases is not static, it requires large number of rules. It makes difficult to
construct rules manually. The idea of using statistical grammar checking as a grammar checker is
to analyze an input text and detect any sequence of words that cannot be found in the unique tag
sequence and probability language model. The word sequence error in sentences is detected
based on Tigrigna word tag sequence probability in the language model. The idea of using this
language model as a grammar checker is to analyze an input text and detect any sequence of
words that cannot be found in the language model. We conduct N-tag sequence extraction and N-
tag sequence checker tasks specifically N-tag is given 3-tag and 2-tag.

The N-tag sequence extraction task is attempted to extract a sequence of tag list by accepting the
tagged tokens in a sentence from the grammar agreement checking module. The sequence of tag
list is required to identify word sequence grammar by the tag sequence checker. The tag
sequence is extracted similar as we use in the Tag sequence gathering module of tag sequence

extractor component as 2-tag and 3-tag sequence.
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The N-Tag sequence checking is accountable to determines if there is an error in the N-tag
sequence list extracted from the input text. This can be done by finding the tag sequence list in
the unique tag sequence list, it starts by taking 3-tag and 2-tag sequence list of the tagged tokens;
then it finds the probability each 3-tag list from the trigram data in the unique tag sequence list.
If each 3-tag list is found the word sequence of the input text is correct. However, if there is any
3-tag list which is not found in the trigram it assigns its probability to 0 and starts checking the
input text as 2-tag sequence in the bigram data of the unique tag sequence list. Finally, if all 2-tag
sequence lists are found the word sequence agreement of the input text is valid and returns
correct message; otherwise the word sequence agreement of the input text is invalid and returns
the error 2-tag sequence list to the grammar error filtering module. Algorithm 4.9 is the

implementation of the Word sequence checker.
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Read tagged Sentence,trigram, bigram

tagseq List=3tagsegextraction (tagged Sentence), error sequence

sentenceProbablity=1
for tagseqg in tagseq List
if tagseq 1is in trigram

sentenceProbablity*= probability of tagseq

else

sentenceProbablity*= 0

End for
if sentenceProbablity is 0
tagseq List=2tagsegextraction (tagged Sentence)
for every tagseqg in tagseq List
if tagseq 1s 1in Bigram

sentenceProbablity*= probability of tagseq

else
sentenceProbablity*= 0

Add tagseq in error sequence

End For
if sentenceProbablity is 0

return error sequence

else

return correct

Algorithm4. 9 Tigrigna word sequence error checker
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4.7 Grammar Error Filtering
The grammar error filtering module gets the agreement errors of the input text from the rule

based grammar checking and statistical grammar checking, and then displays the error type of

the sentence, error words, and example related to error type if available. Algorithm4.10 is the

implementation of this module.

Read AgreementErrorList, Errorseq,
For error in AgreementErrorList
Display Errortype, Errorwords, and example in error
End for
If Errorseq 1s correct

Display error word sequence 1s none

else
For errors in errorseq
Display errorwordseq in errors
End for
End if

Algorithm4. 10 Grammar error filtering

The grammar error filtering now finds the agreement error list having the error type, error word
and example parameters and also the error sequence list having the error sequence words. For
instance, the Subject verb agreement error in the input (A-#9° +9°7¢ 60 +9°VCH0T av3.A:2) can be
filtered as follow: In this sentence, the plural third person subject+g°7¢/N_p disagrees with the
singular third person verb @v2 A/VV_GER_Ssm3 in number, but there is no word sequence error
then after the rule based grammar checking sends the Agreement ErrorList (Sp+Vs), Error Type:
Subject Verb number disagreement, and Error Example: correct- +97%%c 3497 Incorrect- +s%c
34 10 the grammar error filtering and the grammar agreement filtering displays the error to the

user as follow.
Error type: subject verb agreement error in number
Error words: Subject= A#9%, Verb=222 A, Example: Correct- +svc o497 Incorrect- +9o%c aiA

Word sequence error- none
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Chapter Five: Experiment

5.1 Introduction
In this chapter, we will discuss the corpus preparation of training data and tagger dictionary,

the grammar rule preparation, the implementation of the prototype, evaluation of the system,
and discussion about the evaluation result. The experimental and evaluation detail of
grammatical error checking is also described and then finally the evaluation result of the

system’s performance is presented.

5.2 Corpus Preparation
In this thesis work, the statistical based grammar checking requires a corpus to train the

language model, and the tagging component in the preprocessing module requires a tagger
dictionary to assign the input tokens within appropriate tag type. Thus, we use Tigrigna corpus
annotated with POS represented in XML structure [17], freely available on the web'. The
corpus has 4,645 sentences, 72,000 words of 12 categories and 73 tag set. However, within the
POS annotated tokens, morpho-syntactic of tokens can represent the more detailed information
to detect grammar agreement errors such as gender, person or number agreement. In this study,
morpho-syntactic information of each tag set and tagger dictionary is required. Thus, we insert
morpho-syntactic information to the POS tag type of the tokens in the corpus manually. The
morpho- syntactic information of gender, person, and number is added to Noun, Pronoun,
Adjective, Number, and Subject and Object to Verbs. For instance, to the word &< tagged
V_PRF (perfective verb) in the corpus, we insert the subject of the word as V_PRF_Ssm3

(perfective verb, and Subject (singular, masculine, third person).

Finally, tokens in the corpus supports two basic information about a token, its class (noun,
verb, adjective, etc.), and detailed morpho-syntactic information (number, gender, person, etc.).
Then, we use the morphology-based POS tagged corpus to train the language model. The

morphology-based POS tagged corpus is shown in Appendix D.

5.2.1 Dictionary Preparation
The tagger dictionary is prepared from the morphology based POS tagged corpus. The dictionary

contains 18,744 unique tokens and their appropriate morphology based POS tags. The tagger

!http://eng.jnlp.org/yemane/ntigcorpus
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dictionary is prepared in a two columns; the first column is the token list and the second column
is the morphology based part-of-speech tag. It is stored in SQL database table as shown in Figure
5.1.

TaE TypEe= - W rcd list -

N PRE S e =t
[N ] AT

N PRE P e =
~_ T3 T

WoPRE Ssrm3 O Yl
W ASER SsrmS C AL THEE
N e WL

M srm = i WL
N PR s i
N PREPE S i e
s i _THE,
MmN PRP s i e T
WS ER. Ssrm2 BT o ST E
AV o RV o AT TH =
WA SsTDS AT
WP REFE Ssrm2 N iatat
N =3 el =
M s = e Sl
r_ s Py |
= P T |

N PR s R e R
PR s P = -
Lt = s Pl o
[t} R = = e e B b

Figure5. 1 Sample Tigrigna token in the dictionary

5.2.2 Grammar Rule Preparation
The rule based grammar checker uses a grammar rule to analyze grammar agreement error

within the Tigrigna input text. We developed a grammar rule based on the Tigrinya grammar
book[20].The grammar rules are developed in an XML structure manually categorized into
four grammar agreement error types such as MNA, SVA, OVA, and AVA errors. The grammar
rule has 114 unique rules. Out of the 114 rules, around 43 rules are MNA, 27 rules are SVA,
27 rules are OVA, and the rest 17 rules are AVA.

For instance, noun modifier rule in Figure 4.3 is prepared based on the following criteria

Tigrigna noun phrases agreement rules.

- Singular noun takes singular modifiers
- Plural noun with Plural or common number modifiers
- Common noun with Common modifiers

- Feminine noun with Feminine or Common gender modifiers
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- Masculine noun with Masculine or Common gender modifiers

5.3 Implementation
A hybrid Tigrigna Grammar Checker System is implemented using the combination of

statistical and rule based approaches where the rule based uses grammatical rules to identify
error pattern of input sentences and the statistical uses a single corpus to detect word sequence
grammatical errors. In this research work, the prototype used morphology based POS tagged
corpus of Tigrigna language, Tigrigna language grammar rule, tagger dictionary, and several

development tools.

5.3.1 Developmental Environment and Used Tools
To achieve the research’s objective, an essential number of developmental environments are

needed. So, the system is developed with the following tools.

Notepad++: is a free tool that is used in this thesis to prepare the annotated Training corpus
and agreement grammar rules in an XML structure.

Microsoft Visual Studio: is one of the windows application development platforms, which
runs under windows operating system, contains the windows SDK manager, class libraries and
SQL database. We use this SDK to create a Graphical User Interface for input of texts from a
user and to display errors to the user.

C# programming language: We write a C# code that helps to train the grammar checker
algorithm and to acquire experimental results from the database. In order to adopt and train our
grammar checker algorithm, we divide the dataset into training and test data.

SharpNIp: is an open source toolkit that contains open source C# modules such as sentence
splitter, tokenizer, POS, etc. developed for research development in NLP fields.

SQL database tool: is used to store the tokens within tag type in the tagger dictionary
database, and the trained data in the unique tag sequence and probability database that used to
determine word sequence agreement error.

The sample input output of the system is shown in Figure 5.2 and detail of the input output of

the system is attached in Appendix A.
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Srammar_checker

Rk 7ALR TE ATl RAT

Check Result:

Grammar_checker

At 7Aoh T Fenl FRAT s

Ermor type :Object VWerb agreement emor in gender
Emor agreemnet Words: Object-r& AN, Verb-+tLa5
Example: Incorect- 642 THAF, Comect—164-2 THARF

Emor word Sequence: Mone

Figure5. 2 Sample input output

5.4 Evaluation

The evaluation of the hybrid Tigrigna Grammar Checker System performance is done
towards, to the experiment result of agreement and word sequence grammar errors. Based on
the manually counted correct flagged errors, and the correctness, completeness, and accuracy
of the system is done with recall, precision and F-score computations. Thus, to evaluate the

system we use 300 grammatically correct and incorrect sentences categorized in tothe five

grammatical errors as shown in the Table 5.1.

Table5. 1Test data

Grammatical errof Numbers of flagged correct Numbers of wrong flagged
type grammar error grammar errors

Total
SVA 35 15 50
OVA 25 15 40
AVA 20 10 30
NMA 50 30 80
WSA 80 20 100
Total 210 90 300
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5.4.1 Evaluation Metrics
In order to evaluate our system performance, we use an evaluation metrics precision, recall,

and F-score which are the most commonly used indicators to measure information retrieval and
grammar checker performance as we stated in Chapter2.

Thus, the precision, recall, and f-measure in our system can describe as follow. Given that FCE
be the number of flagged correct grammar errors and FWE be the number of flagged wrong
grammar errors, NFE be the number non flagged grammar errors, then the precision and recall

are given by the following equations.

. CFE
Precession =
CFE+FWE (5.1)
FE
Recall=  © (5.2)
CFE+NFE
2 * Precision * Recall (5-3)

F — Measure =

Precision +Recall
5.4.2 Test Result
The test result of the system is recorded manually on the amount of correctly flagged grammar
agreement errors from the 210 Tigrigna correct grammar error sentences and 90 wrong
grammar error sentences. To do so, we perform system testing in four different days by labeling
as Expl, Exp2, Exp3, and Exp4 of results in dayl, day2, day3, and day4 respectively. In each
experiment seventy five (75) sentences were distributed and tested daily and accordingly, the
results of correctly flagged grammar agreement errors are shown in the Table 5.2 and Figure
5.3.
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Table5. 2 Correctly flagged result in each experiment

Agreement Error type Experiments result
Expl Exp2 Exp3 Exp4d Average
Subject Verb agreement 78% 2% 80% 82% 78%
Object Verb agreement 83% 81% 79% 76% 79.8%
Noun Modifier agreement 89% 82% 89% 86% 86.5%
Adverb Verb agreement 72% 7% 76% 74% 74.8%
Word Sequence agreement 82% 76% 78% 80% 79%
Average Experiment result 80.8% | 77.6% | 80.4% 79.6% 79.6%

The Average experiment result of correctly flagged grammar error type is shown Figure

5.3.

100
90
80
70
60
50
40
30
20
10
0 N Word
Subject verb | Object Verb Ol.",] Adverb Verb or Average
Modifier sequence
agreement | agreement agreement Experment
agreement agreement
B Experment1% 78 83 89 72 82 80.8
Experment2% 72 81 82 77 76 77.6
B Experment3% 80 79 89 76 78 80.4
B Experment4% 82 76 86 74 80 79.6
 Average 78 79.8 86.5 74.8 79 79.6

Figure5. 3 Average experiment result
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To measure the performance of our system, we use the precision, recall and F-score metrics

based on the average experiment result of the grammar error types. Table5.3 describes the

performance of Tigrigna Grammar checker system.

Table5. 3Average Performance of Hybrid Tigrigna Grammar Checker System

Grammar Error Number  of Correct | Wrong Not Precision | Recall | F-
Type input Flagged | Flagged flagged measure
grammar Grammar| Grammar | Grammar
error Errors | errors errors
Subject-verb 50 39 7 4 84.8 90.7 | 87.7
Object-Verb 40 32 3 5 92 86 88.9
Noun-Modifier 80 70 3 7 95.6 90.6 |93
agreement
Adverb Verb agreement| 30 23 5 2 82.4 79.8 |81
Word-sequence 100 79 11 10 87.8 88.7  [88.2
agreement
Total 300 243 29 28 84.7 89 86.8
Average 87.9 875 87.6

The average evaluation result of the Hybrid Tigrigna Grammar Checker System is shown in

Figure 5.4 based on recall, precision and f-measure evaluation metrics.
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100

M Precision
2 Recall

B F—measure

Subject Object Noun Adverb Word Total Average
verb Verb Modifier Verb sequence
agreement agreement agreement agreement agreement

Figure5. 4 Average performance of Hybrid Tigrigna Grammar Checker System
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5.5 Discussion
The experiment is conducted manually to evaluate the performance of the system recorded

against the test data of 300 sentences in four different experiments input output result as it is
shown in the Table5.2.The average performance result shows significant outcome of 87.9%
precision, 87.5% recall, and 87.6% f-measure to determine the test data’s grammatical agreement
result as it is shown in Figure 5.3. However, the results recorded from the experiments are less
due to two main reasons. The first reason is the tagger; the tagger in this system uses a manual
dictionary words which do not occur in the dictionary are tagged as “Unknown”. Since the
system uses the tag pattern information then texts having “Unknown” tags are determined as
incorrect word sequence agreement errors. Second, incorrect texts having dependent sentences
are examined as correct, this problem occurred because the system splits texts into sentences
using the sentence end punctuations. Then, it checks for an error in the sentences independently,
for instance, the input text AN0 7 +9°VCE 9°0 h&:: Odch A@-7 91,097 (After Abebe goes to
education. They also started work) in this text the verb & 12 9°/ V_GER_Spm3 in the second
sentences the actions of the subject 4 0 1 /N_sm in the first sentence disagrees in number which
is the subject is singular and verb is plural (Ss+Vp). But the system examines error within

independent sentences; it categorizes such error texts as grammatically correct.
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Chapter Six: Conclusion and Future Work

6.1 Conclusion
Grammar checker system is one of applications in NLP. The system is developed to minimize

time and cost to examining grammatically incorrect written texts compared to using manually
checking. To meet the objectives of a grammar checker system, many studies have been
attempted to several languages depend on the linguistic structure and development approaches.
However, as the best knowledge of the researcher, there is no study conducted to develop
Tigrigna grammatical checker system.

The aim of this thesis is to attempt the development of Hybrid Tigrigna Grammar Checker
System that applies to detect Tigrigna text grammatical agreement errors. The rule based
grammar checker is responsible to detect four types of grammar agreement errors in a sentence
such as SVA, OVA, AVA, and MNA using manually developed 114 rule sets. Whereas the
statistical grammar checker is done to determine word sequence grammar agreement errors using
the tag sequence probabilities which are 2-tag sequence and 3-tag sequence statistical result of
4645 morphology based POS annotated corpus.

We have tested the system performance using manually prepared incorrect and correct flagged
grammar errors of 300 sentences. The system successfully detects most of the sentence with
incorrect and correct grammar agreement errors. But, some dependent sentences having
grammatical errors are determined as correct, in addition to the dependent sentences, correct
sentence having words not found in the tagger dictionary also are determined as incorrect
sentences. However, the overall performance of our system shows significant result to detect

independent sentences by performing 87.9% precision, 87.5% recall, and 87.6% f-measure.

6.2 Contribution of the Work
The most relevant contributions of this thesis work are listed as follows:

- The study has adopted other hybrid based grammar checker systems to agreement error
and word sequence error in a sentence of Tigrigna language. This can contribute for other
researchers related to Tigrinya as a reference.

- The study has developed rules to detect grammar agreement error in a Tigrigna language
sentence. This can contribute as an input for other researchers who want to deal with

grammar checker exhaustively in the language.
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- The study has developed a dictionary of 18,744 unique words annotated with morphology
and POS. This can help for lexicographers as an insight and develop a comprehensive

electronic dictionary.

6.3 Future Work
We have tried to cover as many grammar error types as we could to solve an error within a

sentence in any input of Tigrigna text. However, there are many types of grammar error that
probably occur in a sentence are not covered. Hence we can recommend working on the
following research works:

- We have used only 18,744 unique tokens of POS and Morphology information. We
suggest that better result can be accomplished by adding automatic spelling checker,
POST, and morphological analyzer could be maximizing the performance of the grammar
checker in which the word information is extracted in a better way.

- This research is done to solve grammar error texts within independent sentence that has
sentences end punctuation markers. Thus, to develop a grammar checker to solve
grammar error in a paragraph level and sentence relation error with in a sentence is an
open research area.

- Developing the rules to decompose the compound complex and compound sentence into
simple and complex sentence using boundary splitter and sentence checker.
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Appendix A: Sample Input Output in System Testing

Input Output
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Grammar_checker

Grammar_checker

+Fh &MY mA KR

+Ph £MY m& KB

Check Result:

Error type:Moun Modffier emor in gender

Emor agreemnet Words: Noun-m&, Adjective-+F+

Example: Incorect- &+ Y8+ T=20eUC | Comect-kt FEH T20RUC
Ermor word Sequence:Mane

Grammar_checker

Grammar_checker

Bt 7 T A $1A@ =

Rt 7ALR T Al 04T =

Check Result:

Ermor type:Object Verb agreement emor in gender

Eror agreemnet Words: Object-1+ AN, Verb-++4%
Bxample: Incorect- Nod-& THAF, Comect-N0-2 THAT
Emor word Sequence: Mone

Grammar_checker

X |Grammar_checker

RA1ZUR 8N4 Pl A Tk

AT 8N hAl Al T8

Check Result:

Emor type: Adverb Verb emorin Time

Emor agreemnet Words: Adverb-80h Verb-0=45

Example: Incorect- 7405 hBE , Comect-130=5 hhB.2 AP
Emor word Sequence:Mane

Grammar_checker

X |Grammar_checker

WA D+ GATEF RAMLETS N6

MNCE h+T3 T8=4F ARLETS %64

Check Result:

Emor type: Word sequence Emor
Error agreemnet Words: Mone
BExample: None

Emor word Sequence: RRAMCIR NS4
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Appendix B: Sample Morphology based tagged words in the Tagger Dictionary

13

1723
17349
1735
1736
1737
1738
1739
1740
1741
1742
1743
17449
A7AS
1746
A7AT
1748
1749
1750
A751L
1752
AT753
17543
1755

177 | M_P
17E|MN_p

179 | MN_p

180 MN_sf3
181 |Wp_Ssm3
182 W_Ssf3
183 |WV_Ssm3
184 | Wp_ Ssm3
185

189

192 M_s
194 M_s
195 ADJ_sm
196 M_s

197 M_PRP_sm3

198 M_s

199 M sm

MN_p
MN_PRP_p
MN_FPRP_s
MN_p

M_s

MN_s
ADl_s
MN_p
N_PRP_s
MN_s

<
0]
n
3
=

1]

)
)
he)
in

w

w

[
wgw oo

)
)
he)
in

w

222222222222

53]

W_GER_Ssm3
186|Wp_GER_Ssm3
187 |Wp_GER_Spl
188 |Wp_GER_Spl
Wp_ GER_Ssm3
190|Wp_GER_Ssm3
191 |Wp_GER_Ssm3
192 |Wp_GER_Ssp3

Ak
v
AT T
EaTa
AT
Foohi
wtuidl
L
-6
g
EaTa oy
LG
AutLen
AutLeEnn
LR
L2
ELTT=
T
e
Eatlrey
T
et
LA™

2650
261
262
263
263
265
265
267
268
269
20
271
272
273
273
275
27
27F57F
2T=
279
250
251
2852
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NS A 1T
N PRP P AU b
MN_s ALC
WA Ssm3 AL

W PRF_Spmnm3 st
ADd D A -
N PRP A

A"y -
ADl p e i

W SER_Ss1 AL
W_GER_Ss1 AL
W SER_SsTt= A LT
W ISGER_Ss1 AT
W SER_Spl LS
W_IMNIF_Ssm2 AL e
~N_s1 AL,
N PRP PG 1 K= )
M sm3 AL

M sT= w00

M s AL O
~N_PRP L) 2 F
[V = iy )T
~N_PRP AL OLFF
18705 | MN_s Tl
18706 MN_s T oL AT S
A1SFOF | MN_s TEE AT
18708 | M_s T 0w8
A1SFO0D | MN_s FrA-EnE
12710 MN_PRP_p FA-ENE STy
18711 MN_s Ao
18712 ADI_s Fa-EnE
18713 ADI_PRP_s Fa-ENET
18714 ADI_PRP_s e S T
187LS ADI_p FA-ENo- P
18716 MN_s g Wy »
A1BFLT | MN_smm SOl
18718 | N_p g W
18719 MN_PRP_p W o o
ABF20 | M_p Pl W ol
18721 MN_PRP_S W
18722 | MN_s e
18723 MN_PRP_p W o ]
18724 MN_PRP_s Ea Wk
18725 ADI_p FALEnm- £y
18726 MN_PRP FATEEY
18727 ADI_PRP PR e



Appendix C: Grammar Rule Structure

= kmles}
+<rule id="5VA" mes=zage="Sobject-Verb Agreement Error">
—|<rule id="0VA" mes=zage="0bject-Verb Agreement Error">
+<pattern id="Gender">
+<pattern id="Homber">
+<pattern id="Person">
</rulex
+H<rule id="HMA" mezs=zage="Noon-Modifier Agreement Error">
+H<rnle id="AVA" meszage="Adverb—Verb Agreement Error">
“</rules>

Appendix D: Sample Morphology based POS Tagged Corpus

ke 1="1"> <4 type="ADJ s">RAPENE/w> < type="N s"YM¢/i> <c type="PUN end"»¢/cy </3>

J¢3 n="2" < type="BRE" A</ wy < type="ADJ p"»Aki</iy < type="N p"y9mi /iy <c type="BUN doot"y"¢/c>

¢ type="ADT " SAPERRC iy <o type="N s">NHAG /> < type="N PR "MK/ < cype="CON">OE />

< type="ADJ s">hhg</wy < type="N p"»mhac iy <o type="V AUK Ssm3"»hi</w < type="V REL Sen3"yHeeRh< /iy

<c type="PUN deot">"¢/cy <w type="V REL Ssn3"Wk/> < type="ADJ s"4Mic/w> < t;-'pe="N_s">hﬂ'n'ﬁ'ﬁJ'</w>

- type="V GER Ssm3"»ié</wy <c type="PUN end">¢/cy </

1¢3 n="3" < type="CON">RP< /iy <o type="N snd">@Rde /vy <o type="CON">ROK iy < type="AD s"YRhPEREC /vy

< type="N "8y < cype="ADJ p" PPy < type="N p" ke /iy < type="PRE"34k</wr

< type="NU">€ iy <o type="N 5" villdd-tdk /iy <o t;-'pe="ADJ_PRP_s">{IAM'}</w> ¢ type="ADJ PRP 5" hiIAeK /vy
-¢i type="N s">hWMk /vy < type="V IHF Spm3">Ea¢/wy < type="V AUK Spu3"ifef/wy <c type="FUN end"»#¢/cy </s>
J¢a n="4" < type="ADJ s">AAk/iiy <ir type="ERE" kK /wx<w type="ADJ p"ARMC/ux < type="N p">hANMC/w>

i type="CON">hoK /> < type="ADJ sm">Mi</w> <w type="N s">hefifid/w> < type="ADJ sm">M</w> < type="V IMF Ss">RACAM />
-<i type="N V s">PUADK vy < type="V INF Sau"»fMaRe/wy < type="V AUK Ssm3"»hie/wy <c type="PUN end"»#/cy </s>
J¢s 0="8" < type="BRO"M¢/wy <o type="FRO p"YRll#P¢ /iy < type="FRO s">hd¢/w> < type="ADJ 5" v/ w>

¢ type="N "KM /iy <o type="N 8" kbl /vy <i t;-pe=”ADJ_p”>T|‘ﬂ'H</w> an type="N p" P>

< type="CON"yhed /vy <u type="PRE"¥&ll¢ /vy <v t;-'pe=”N_p”>[lﬂi.H</w} < type="V ERE Spu3"hYAe:/wy

< type="ER0 pm3">AREP< /iy < type="V INF Spm3">EMie</iry < type="CON"Y@EC/wy < type="CON">hak /vy

< type="N "Ry < ype="N 8" heRR /i tg-'pe="V_II-ﬂ“_Spm3"}ﬂ'ﬁb(/w} < type="V ATE Spn3"YheP</y

-¢c type="PUN end">%¢/cy </
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Appendix E: Sample Test Corpus

Sentence Error Type Error Words | System
result

vt TOH €6 tFhAHP HAdN:: Word sequence | HAOA = v

A1 HO T9R0A NAANTTTE HAO: hLIFT NTPhTt TIPVTh Correct v

HPL: 204 hehA aPHARS Polt::

A0A ADYY79, (77910 N%AF HQ L0 A ANCYI° 0770 60ch Adverb-Verb 60ch NG5 v

hl oy nes.::

At ROCYI° 40kad HhRLA N\J~ A\4uU-:: Correct

AAI° i1 aPNR, FPRHNTFT ThHH Y Word sequence | ThHN7 =

nne reg° AN0-C 990, 0l 9% AI°LAP:: Object-Verb aN0-C A°LAP v

HOHch AP7 NI° aPIAR, P4 HIANK: 10VSE HONA HANK correct X

PMASL hlé::

NEATE HAPR HING BAO- 2 TLAPT AP = Subject-Verb | ®a0- A% v

Al NENTP HAALL avZGot Al PHM HICL:L7 tehtap: :: Correct

Al havt PO A HHorCRk 74 PPN Ak hGa Word sequence | Q1A

TO-LPLT PAT N7 AN =

API° Y © 990,77 havy TI0Y P PO AFR:: Subject-Verb +a9Y© hFR v

T/ NAKL £LF ANLT-TIPUC: 17 Th T AHEI° hE9° Object-Verb TTIhPt HANPL X

H&0L7::

ARIPCAP O7hAS N7AMT A ALAS £97 P10 A10N ATAANP | Correct v

G2 AhIPC chav Pt ATFAT AAG::

A HehT DAL T LOAAK Al Word sequence nan+ eahg v

G0 AFdn chIet avlcht: av0F A-NAA ANL +NnL.L.? Correct v

at O ATTNC TP N0 TRHECAS 0LA Hunh 4807 = Correct v

TLHLPE At TIh(C OLHE Al TOAL:: Al HhAd. Gavdt Correct X

8.8 AP (L F-70N YO TAEF O HOS, av AT HOMI® 07417

TAOAT HHPU AAMS T NTOLNY GD-L-avZG o+ 1T NARTY

HePANt 2NN G0 a2k, aPROT7 APeA =

PU-¢7 (Hch T1C h9°U4 S NAK AR Subject-Verb POUCT W v

VHL A% AADT HUA:: correct v
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N7 A7 CTOCAHR 19°29° 11é. St 0 7°CF HOFt Angs. =

Correct

At TOICT HHEAN 700 A5 PP AR =

Correct

LPINTE G0 A AN: 19°%hAN NALY IOMHITT G2 erh
IoPLAT W07 HChPA =

Correct

LE 0O POt FRATNTT dF vl 21977 = Word sequence | 219717 =
NCY1 60ch G aoPA a4 :: Adverb —Verb 60ch aPh.
AP a0 THALT HI%h 924t G0 YC haPAR7T G0 HIPAL Correct

NPT TRt HILCAI® Ade

Ngd aohPd 990, 27 aanld® Al aPAh 71C NP+ L4 | Correct

1Pch @8, AL Noun-Modifier | 1Pch @4,
T héC LA TDFC TChP? Word sequence | chéC LA
9P, PO NPA.! Correct

APg° POAIT T8a0CE aPTRGI8 T A AR Af:: Subject-Verb PNAIT W&
02 AZ°Ct A& NATTT LT = Correct

Al TIPUCT AO-A 180T AAL TIPUCT; Word sequence | AAL +IoUCH
hl &CE ALt 78AC LA AThAT: V19T h1A AhLC = Correct

Al 6N0F 2L TAOF HOYA ANChF A7 = Correct

A0 M0l A& HLt Ak HOARY At HOARY aothhJ He DT Word sequence | HNA&7? AL
av9l(), Y7 A% =

GL AP ATATI( 4,440 G0 Word sequence | 4a0P:
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Appendix F: Sample Bigram and Trigram data

Bigram Tri
rigram
Two_tag_sequence Probability |
ADJ,N 0.01486989 Three_Tag_sequence | Probability
N,PUN_End 0.01115242 ADJ,N,PUN_End 0.007874016
NN p 0.01115242 N,N_p,PUN_dcot 0.007874016
N_p,PUN_dcot,ADJ 0.007874016
N_p,PUN_dcot 0.007434944 PUN_dcot,ADJ,N_s 0.01181102
PUN_dcot,AD) 0.01115242 ADJ,N_s,N_PRP_s 0.01181102
ADJ,N_s 0.04089219 N_s,N_PRP_s,N_s 0.01181102
N_s,N_PRP_s 0.01115242 N_PRP_s,N_s,AD_s 0.01181102
NPRPsNs 001115242 A A o AU a3 00118110
_s,N_p,V_AUX_Ssm3 | 0.
N_s,AD_s 0.01115242 N_p,V_AUX_Ssm3,ADJ | 0.01181102
AD_s,N_p 0.01115242 V_AUX_Ssm3,ADJ,PUN | 0.01181102
N_p,V_AUX_Ssm3  (0.01115242 _dcot
V_AUX_Ssm3,ADJ  [0.01115242 ADJ,PUN_dcot,V_REL | 0.01181102
PPUN_dcot,V_REL  (0.01115242 V_RELADJ,N_s 0.007874016
ADJ,N_s,V_AUX_Ssm3 | 0.007874016
V_REL,AD 001115242 N_s,V_AUX_Ssm3,V_IM | 0.007874016
ADJ,N_s 10.04089219 v

N_s,V_AUX_Ssm3

0.007434944

V_AUX_Ssm3,V_IMV|0.007434944

V_AUX_Ssm3,V_IMV,N
sm3

0.007874016

V_IMV,N_sm3,N_PRP_s

0.007874016

N_sm3,N_PRP_s,ADJ

0.007874016

N_PRP_s,ADJ,N_s

0.007874016

ADJ,N_s,ADJ_p3

0.007874016

N_s,ADJ_p3,N

0.007874016

ADJ_p3,N,N_PRP

0.007874016

N,N_PRP,NUM _s

0.007874016

N_PRP,NUM_s,N_s

0.007874016

NUM_s,N_s,ADJ_s

0.007874016

N_s,ADJ_s,ADJ_s

0.007874016

V_IMV,N_sm3 0.007434944
N_sm3,N_PRP_s  (0.007434944
N_PRP_s,AD) 0.01115242

ADJ,N_s 0.04089219

N_s,ADJ_p3 0.007434944
ADJ_p3,N 0.007434944
N,N_PRP 0.007434944

ADJ_s,ADJ_s,N

0.007874016

ADJ_s,N,VIMF_Spm3_O

0.007874016
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Appendix G: Geez Script writing alphabet

o
N
ih
I o
.

HA
LE &
HA | v
ME | o
SE e
RE | 4
SE_| i
SHE | fi-
KE |
BE I
TE k
CHE . '
HA  F
"'o,‘] 'r-
GNE | T
A I .‘"I'
KE | ir
HE | T
WE |
A D
ZE I
ZHE I
YE (B
DE | 4
=R
GE P
TE v
CHE | #x
PE &
TSE | &
TSE | (-
FE . .}.
PE | F

HU % oI Y
LU A LI A
HU b HI |
MU % ML
SU_ "L s1
RU & RI | &
SU A s A
SHU . SHL A
KU & KI |
BU I Bl |0
TV kT
CHU [F CHI | ¥
HU b HI |
NU h NS
GNU LGN W
U ho 1 A
KU . KI %
HU L HI ™
WU ® Wl P
U 4% 1 4
0 W7
ZHU I ZHIL | r
YU %YL | Ff
L
woos o &
GU 1 Gl |2
w1 M
CHU | éh, CHI | ™
PU AP |A
[SU A TSI 4
su LTS
U & P14
U

HA
LA
HA

MA |

aA
RA
S5A

SHA |

A
HA
TA

CHA ¥

HA
NA

GNA

KA
HA
WA

LA

ZHA |

YA
134
JA

(A
TA

CHA |

PA

TSA |
TSA |

FA
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HE
LE
HE
ME
SE
RE
sk

sHE

KE
BE
TE

CHE

HE
mE

'Ilu"-. ¥

KE
HE
WE

Ll

ZHE |

YVE
DE
1§13
TE

CHE |

ISE |

T5E

TSE |

:u

"

g

—
-

bl PR e =T =

e

H
b

sH

K
3

CH |

G

H
W

ZH W

D

Lr

I}
15

| i

w0

CH |

H»
LO
H)
MO |
S0
RO
S0
SHO
KO |
B
10
CHO
HO
L8]
GNO
o
RO}
Hi)
WO
0
70
FHO
YO
(M8
10
G0
10|
CHOY
PO
TS0 |
150 |
FO
O
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