INSTITUTE OF TECHNOLOGY
DEPARTMENT OF COMPU TER SCIENCE
SCHOOL OF GRADUATE STUDIES

MORPHOLOGY BASED SPELLING CHECKER FOR GEEZ LANGUAGE

MASTERS OF SCIENCE THESIS

FIKADE CHANE FELEKE

HAWASSA UNIVERSITY, HAWASSA, ETHIOPIA

NOVEMBER 2023



MORPHOLGY BASED SPELLING CHECKER FOR GEEZ LANGUAGE

MASTERS OF SCIENCE THESIS

FIKADE CHENE FELEKE

A THESIS SUBMITTED TO HAWASSA UNIVERSITY
INSTITUTE OF TECHNOLOGY,
FACULTY OF INFORMATICS,
DEPARTMENT OF COMPUTER SCIENCE,
SCHOOL OF GRADUATE STUDIES
HAWASSA, ETHIOPIA

IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE
DEGREE OF

MASTER OF SCIENCE IN COMPUTER SCIENCE

NOVEMBER 2023




Declaration

This thesis is my original work carried out by me and has never submitted to this or any other

institution or university to get any other degree or certificates.

Name of the student Fikade Chane Signature

Date of submission:

Place: Hawassa




ADVISORS’ APPROVAL SHEET
SCHOOL OF GRADUATE STUDIES

HAWASSA UNIVERSITY ADVISORS’ APPROVAL SHEET

This is to certify that the thesis entitled “Morphology based Spelling checker for Geez
language” submitted in partial fulfillment of the requirements for the degree of Master's with
specialization in Computer Science the Graduate Program of the Department of Computer
Science, and has been carried out by Fikade Chane , under our supervision. Therefore, we
recommend that the student has fulfilled the requirements and hence hereby can submit the

thesis to the department.

Name of major advisor Signature Date
Dr.Tesfaye Bayu Bati (PhD)

Name of co-advisor Signature Date

Teshager Kassa (MSc)




Acknowledgment

Before all, | would like to thank Almighty God, his mother holly Virgin Mary, and all the
saints for leading and following me in each steps, for giving me the strength when | get weak

and for showing me the way when | get lost.

Next, | would like to acknowledge my advisor Tesfaye Bayu Bati (PhD) for supporting and
reading my document line by line and giving me comments. And, | would like to
acknowledge my co-adviso Teshager kassa (MSc) for supporting from improving my title to

reading my document.

| wish to express my deepest gratitude to my wife Beletie Asmare for supporting and
encouraging me in my journey. And also, | would like to thank my father and mother and

other family members who encouraged me to go on.




Abstract

Geez is one of the ancient languages. It belongs to Semitic language family. Many ancient
literature and books have written in Geez. Currently, Geez course are offered in various
colleges, universities and in some primary schools. However, still developed NLP applications
are insufficient for this language. In order to write error free Geez text in less time, spelling
checker application is a critical NLP application. Spelling checker is a tool used to detect
spelling error in a block of text and gives closer suggestions to the error words. A previous
attempt has made to develop a spelling checker for Geez language. This attempt was focus

only homophone alphabet interchangeably error.

In this study, we proposed morphology based (dictionary lookup and morphological analyzer)
approach to Geez language spelling checker. The system have three main compenents.These
are text preprocessing, error detection, and error correction. To achieve the objective of this
study the researcher builds one main dictionaries that contains Geez language lexicon and
morphological feature. The researcher built 6115 unique Geez lexicon and 955 rules had
defined. We adopt the Hunspell dictionary and affix file format to design a lexicon (i.e. the
knowledge base component) and hashing algorithm for searching. Hunspell is an open source

spelling checker tool. It has designed especially for languages that have complex morphology.

Finally, the researcher has developed a prototype of a system to test the functionality and
performance of the Geez language spelling checker. The accuracy of error detection expressed
in terms of precision and recall. In addition, the accuracy of suggestion expressed in terms of
suggestion adequacy. Therefore, we got the result of lexical recall 91.9%, error recall 83.7%,
lexical precision 97.2%, error precision 62.2% and correct suggestions provided by GLSC
87.5%. The overall performance of the system is 90.05%. We conclude that increase the size
of the dictionary and develop well organized rule will increase the overall performance of the

Geez language spelling checker.

Key words: Error Detection, Error Correction, Spell Checker, Morphology, Non Word Error,
Real Word Error, Geez language, dictionary lookup
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CHAPTER ONE
1. Introduction

1.1.Background

Language is one of the fundamental aspects of human behavior. It uses either in written form
or spoken form. In written form, it serves as a means of recording information and knowledge
for long time and transfer to the next generation. In spoken form, it serves as the way to
support corporate human activities [1]. Language can classified in to two major parts. These
are natural language and artificial language [2]. A language that, we learn from environment
and used as a means of communication by human known as natural language like Amharic,
English, Geez e.t.c. whereas artificial language is a language developed based on a set of rule
to perform specific activity. For instance, Java, C++ e.t. c.

From natural language, Geez is one of the ancient languages. Geez language is the classical
language of Ethiopia and belongs to the Semitic language family [3]. This language was a
governmental language especially at the time of Axumite civilization for the kingdom and
imperial court [4] .At that time Geez language becomes the only national language in Ethiopia
and got an acceptance among people [5]. Due to this, different types of religious and secular
books and literature have written in this language. From secular books, ancient literature,
ancient philosophies, tradition, histories, romances, legal, mathematical, and medical texts are
some of the examples [6]. From religious books, Bible, Apocrypha, liturgical literature,
homiletic, theological, and magical texts, stories of martyrs and saints, religious poetry,
hymns in honor of Christ, the Virgin, the martyrs, the saints, and angels are some of

the examples.

After the end of Axum Empire Geez language have dominated by other Semitic language [4]
and Geez language also becomes as liturgy language in Ethiopian orthodox Tewahido church
(EOTC), Eritrean Orthodox Tewahido Church, the Ethiopian Catholic Church, the Eritrean
Catholic Church [5] [7].




Although Geez language used as liturgy language after the end of Axum Empire, currently,
Geez course are offered in various colleges, religious centers and higher institute and different
Geez books and other reference materials are publishing [8]. For example, Ethiopian Orthodox
Church Theology Colleges are giving Geez course and publishing various books. In addition
to this, various higher institutes teach Geez language as a course and organize in its own
department. In foreign country, like European and United States of America Universities [7]
and In Ethiopia like Wollo University, Bahir Dar University starts to teach Geez language. In
order to minimize errors and save time when we write Geez text, some Natural language

processing (NLP) applications must be developed.

NLP is a branch of artificial intelligence that helps computer to understand, interpret and
manipulate human language and how to program computer to process and analyze large
language of natural language data [4]. NLP focuses on designing and implementing of
tools, techniques, frameworks to enable computers communicate effectively with humans
[3]. It is the means for accomplishing different types of applications. Such as grammar
checking, spelling checker, Named Entity Recognition (NER), Information Retrieval (IR),
Speech Recognition, Machine Translation, Question Answering etc. From these NLP
applications, the proposed research focuses on developing the interactive spelling checker mod
for Geez language.

In computing, spelling checker is a tool that detects misspelled word(s) in a paragraph or
sentence and provides the alternatives to correct them [9]. The idea for spelling checker
development is not new. Still many researchers conduct a research on spelling checker in
foreign language as well as local language using different method [10]. For instance, for the
foreign language like Kanada [11],Punjabi [12],Hindi [13].The same research had also
been conducted on Ethiopian language like, Afan Oromo [9],Amharic [14] [10],Tigrigna
[15],Hadiyyisa [16] [17] ,Kambatissa [17] ,Awngi [16] [17]. However, most of African

languages have no complete spelling checker tool to integrate word processor [10].




Spelling checker application has two main phases [18]. The first phase is detect or identify the
misspell word. The second phase is to suggest the alternative word form in order to replace the

misspelled word.

1.2.Motivation

Now a day, some of foreign and Ethiopian universities start to teach Geez language and some
organization and individual are developing android application that contains ancient books and
bibles. Additionally, Geez course are offered in some primary schools. Therefore, the
development of spelling checker application for this language is required for easy preparation
of documents, notice and lecture note. The absence of a spelling checker tool for Geez
language has made document preparation activities difficult, needs excessive effort to check
and correct the misspelled from the document.

Previous attempt has made to develop a Geez language spelling checker. This attempt was
made using N-gram technique to solve homophone alphabets interchangeably error for Geez
language. In Geez some alphabets (&fa>F/fidelochi) have the same sound but have
different shape and meaning like 3Ha’s (v/hat h/ha: -1/ha), 2se’s (A/ser w/se), 2tse’s
(a/ts’ei0/t s’e) and 2A’s (4/a, 0/°a) are homophone [5] [4].

Look at the following table that shows homophone and known name.

Letter Known name Reason

v 03 <V Since it is the beginning of the Geez word 74,

ch haPé “h” Since it is the beginning of the Geez word harC

1 WD “1” When the word i>7 written it is the one used

a Ak “0” When the Geez word aa-+ written it is the one used.

w T Cw” When the Ge’ez word 7w written it is the one used

A AMG @~ “R” The word A4 is always written using it

0 0L+ “0” The shape is like Eye and the Geez word 0£7 is written
A Atk <7 The Geez word a4t written it is the one used.

o 0che70” The shape is like sun and used to write the Geez word 88

Tablel. 1 Geez homophone alphabet




In Geez, these alphabets have their own meaning when we write a word [5] [20]. If the writers

uses this alphabet interchangeable, it consider as invalid word (e£e) [20].
Example
Instead of ¥r#/king/ the writer writes ¥r(/king/

Instead of U1C/country/ the writer writes G or “11C —are invalid (p£4) words.

Instead of aogh/he came/ the writer writes aPd0/metsia/
__/

Therefore, the previous study worked by Aleka T [4] focus on to fix Geez homophone
alphabet interchangeably errors (6£4:). However, interchangeably alphabets are not the only
spelling errors in the Geez language. The work proposed by Aleka T [4] did not cover Geez
abbreviations, Geez Non-word errors and other real word errors. There for performing Non-
word error detection and correction can improve the performance of the Geez language

spelling checker.

1.3.Statement of Problem

Currently, the world is digital world and people interact to digital computer and handheld
device. In this digital world, the data must organize in digital way. Therefor inputting data is
the critical activity for organize data in a digital way. Additionally, different organizations and
individuals attempt to develop different mobile application like machine translation. In this
case, a spelling checker is required to minimize error, save time and to motivate for all Geez
writers and readers can easily communicate without misinterpretation caused by spelling

errors. Look at the following figure that takes screen shot form mobile application .




5:09 atl ol O

< R hé WD 00N - 2 ~

HAI P L av GAI” UA> ®LLN
AanNh A%ZA9”::

PLE5.N PN PEN R THANAC
He.MWLOh A9 1177 Pe Al ELn
AP G AT

Figurel. 1 sample screen shot from android

As shown in the figure above the underline word is Non-word error. This type errors and
other type of homophone interchangeably errors makes the reader doubt to the developed
application. We proposed a system to solve this problem.

In Geez, there is no dictionary that covers all possible inflection, derivation and compounds
words. Because of it generates many words from a single verb. In practically, it is impossible
to store all words in dictionary. There for dictionary based approach is not suitable for
morphologically rich language. Error free readymade Geez corpora in electronic media also
not available so far, so corpora-based spell-checker is not suitable. Although some Geez text
(like bible) available in online, it contains a lot of Non-word and homophone error [4].The
rich morphological nature of the language makes a morphology-based approach more suitable
[21].

An attempt have already made on Semitic language using morphological information. like
[14] Merhawit S was done Amharic language spelling checker based on morphology,
Berhihun H. was done Tigrigna spelling checker using rule based and morphological analyzer
[15]. However, for Amharic spelling checker and Tigrigna spelling checker cannot be

applicable for Geez language. Since these languages did not incorporate some grammatical




rules of Geez and alphabet variation [5]. The main reason that makes it unique from the

previous Semitic language spelling checker is:-

1. The spelling checker application is language dependent:-The spelling checker

application for one language is does not work directly for another language.

2. The nature of the language: - Each verb in Geez can inflect in Gender (Masculine or

Feminine), Number (Singular or Plural), nearness or farness [22]. All of this represent

in different unique words. For example in English the word “you” represents may be

plural or singular, may be represent female or male. However, in Geez male and

female, plural and singular are representing in different unique word. Show the

following table.

Subject Plural and Singular Male and Female For Third person
English | You You(may be plural or | you(may be male or | She(for female)and
singular) female) He (for male)
They (may be male or
female)
ATICS | A7(you) At Iwrt(for Ari(for female)ar+(for | aa<(for male) and
Art(you) singular) male) A4 (for female)
A ri(you) | ASr(plural) Aqrt(for  male and | Aix(for  male  or
female) female)
1M Art(you) Art(for singular | A7t+(for male) o-nk(for singular
Art:(you) male) Art(for female) male)
Artav(you) | Ark(for singular | A7tao(for male) ext(for singular
Arri(you) | female) Arry(for female) female)
Ariav-(for plural @-x-tav-(for plural
male) male)
Kri(for plural o-x- 7y (for plural
female) female)
Tablel. 2 comparing Geez from Amharic and English
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The above table shows the word “you” in English may be plural or singular, female or male
and the word “as"¥+” column 3 and row 3 in Amharic may be female or male. However, in
Geez plural and singular, female and male are representing in different word. Look column 3
and row 4. This indicates Geez language have complex morphology from English as well as

from sematic language, Amharic. Look at the following table the word “ 10¢’/nebere.=+¢aom

In Geez Subject In English In Amharic
10Ch Neberku I | sat TP
1N0CY Neberne We We sat tPaTY
nch Neberke You(singular male) You sat tarTh
1nch, Neberki You(singular female | You sat (i Ll
1Chav- Neberkimu | You(plural male) You sat parM Fy-
1nch?y Neberkin | You(plural female) You sat parM)Fy-
0né Nebere He He sat tPaPm
et Neberet She She sat tebaomt
104 Neberu They They sat P
N Nebera They They sat tbaPay

Tablel. 3 Geez inflected in 10 pronouns

This table shows in English 6 unique subject (I, we, you, he, she, and they) represent 10
unique Geez words (rnch-Ii0ciziNChiINCh.EINChor-INCh7EINCTE I0CTH 104-2104-) and 7 unique
Amharic words. This indicates Geez language have high inflection.

3. The existence of phonetic redundancies could create spelling errors;- The third
reason that makes it unique from the previous Semitic language spelling checker is, as
mention above in Geez some alphabet (letter) have pronounced the same but different
shape and meaning. This letter also uses to write Amharic text. Even though there is a

convention to write Amharic text [14] . Currently, most of the people use this alphabet

7



interchangeably to write Amharic text. For instance, the word tsahay/ehg can be typed
like ahg, ahe, &7¢ or 0h0e. However, according to Merhawit [14] there is a
convention to write the word tsahay start by 6. For Geez use these letters as
interchangeably considers as invalid (6£4) [20] [4] or change the meaning of the word.
For instance, the word ass# and wé< are the same pronouncing but different in meaning
and shape. aZ¥/sereqge means he/she stolen and wé/sereqge means something raises.

4. Some Geez word written in combination of alphabet and number: In Geez, some
words the collection of Geez number and alphabet, to represent number and
abbreviation. For example T@g for 12 and 2460 for Adé-ké\, Ex for hdk. This is also
another challenge to develop spell checker application for Geez language. The research
conducted on Semitic language previously not fill the gap, that mentioned in the above
four challenge .There for the proposed morphology-based Geez spell checker solve
the challenge that mention in the above,

At the end of conducting this research, the following basic research questions will have

answered

v To what extent spelling errors in Geez can be detected using dictionary lookup and
morphological analyzer?
v' To what extent spelling error in Geez can be corrected using replacement rule and

Levenshtein edit distance (LED) algorithm?

1.4.0Objective

1.4.1. General Objective

The main objective of this study is to design and implement interactive spelling checker for

Geez language using morphology-based approach.

1.4.2. Specific Objective

1. To explore Geez word formation and review related documents for Geez language

spelling checker.

8



To build the lexicon and affix file of Geez language
To design the General architecture of the proposed system
To develop prototype of the proposed system

To conduct an experiment(on both error detection and error correction components)

o g~ D

To evaluate the performance of the system

1.5.Scope and Limitation of the Study

It is important to identifying the Scope or boundary of the study. In this study, the researcher
attempt to collect the data and analyze different related documents in order to design and
implement the Geez language spelling checker by considering internal Inflection of and
compound words. The proposed study mainly focuses on Non-word error detection and error
correction of Geez language. Non-word error is one class of error. It may be multiple/ single
insertions, deletions, substitutions, transpositions in single word. After developing the system,
the performance of the system has been evaluated.

Geez language has some common abbreviations like z&&é for Ahd-ké and T+ for 0CE/10.
There for this study consider for this abbreviations. However, real world error have not
include in this scope. The first reason to exclude real word error is shortage of time to solve
real world error or contextual error. The second limitation is lack of well-organized material in

Geez language.

1.6.Significant of the Study

Spelling checker is a tool that used for everyday activity in today’s generation. Students,
teachers, organization and anyone who wants to learn and prepare documents use spelling
checker application. In order to save time and reduce error in document preparation spelling
checker is mandatory for every language. The proposed study offers different benefits from

different perspectives. Some of the benefits are listed below.

v' To motivate for all Geez writers and readers can easily communicate without

misinterpretation caused by spelling errors and easily understand Geez literature.




Since, there are so many ancient literatures and book written in Geez language. This
literatures and books used as sources of philosophy, creativity, knowledge and
civilization both to Ethiopia and the rest of the worlds [6].

v To organize the ancient literature and books in digital form with in less time and free
error

v For academic exercise in preparation of handout, report, assignment and lecture note.
Since Geez course are offered in various colleges, religious centers and higher
institutes

v" It uses an input for Researchers who want to conduct on higher-level application of
NLP for Geez language such as Parsing, grammar checker, speech recognition,
Question Answering, machine translation, text —to speech translation.

v" To minimize spelling error and save time during document preparation

v Geez language is widely used in every activity of the Ethiopian orthodox Tewahedo
church (EOTC) in worship of God. Holy books like bible, anaphora/kidassie/, psalm,
miracles, biography of martyrs, wudasie Maryam are reading in Geez language. These
ancient religious books are duplicated to address the newly established churches and
monasteries. Therefore, correcting Geez spelling error is used to preserve the dogmatic
and canonical faith of the religion.

1.7.Methodology

In order to achieve the research objective and provide valid and reliable result identifying the
right methodology is a crucial step [14]. There for to conduct this study the following methods

and techniques we have used.

1.7.1. Literature Review

Literature review has a vital role for finding the gaps, for exploring the comparison of
different approach, detail understanding of the problem, identifying the methodology etc. We
have reviewed global and local relevant literature Such as, book, article, conference paper,
report and relevant resources from internet. In addition to this, the researcher assessed Geez

language components such as phonemes, word classification and word formation.
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1.7.2. Data Collection

So far, there is no readymade Geez word dictionary for Geez language spelling checker
(GLSC). Therefor the researcher has constructed two dictionaries. One main dictionary
contains stem word and another dictionary, which contains affix files. For this study the
dictionary built from A.# APOrF £4.8: 144D OX MG “aZhd. I OOAPAD- aoCF aoghe 1 (like
likawunt Yared Shiferaw “metsihafe gis wesewasewu merho metsahift) [23].The testing data
also directly collected from bible. In addition to this, the researcher communicated with the
linguistics experts to understand the structure of the word, inflection and characteristics of the

language words.

1.7.3.  Implementation Tool

For implementing the proposed system, the researcher used Python programming language for
designing prototype of GLSC. The major reasons for choosing a Python programming
language are: the first reason, it is an object oriented programing language which is
suitable and flexible for text processing and NLP applications. Second, the researcher has a
good programming knowledge and skill in the selected programming language. Additionally,

the researcher used another software and tool. Like
Sublime text editor:- used for developing dictionary and affix file.
Microsoft word office 2010:-for document preparation

Hunspell:-a tool used for morphological analyzer. It is a spell checker and morphological
analyzer library and program designed for languages with rich morphology and complex word

compounding or character encoding [24].

1.7.4. Evaluation Metrics

To determine the functionality and performance of the system, testing is a mandatory task. In
order to measure the performance of the system, we have used recall and precision for spelling

error detection and for suggestion, we have used suggestion adequacy (SA).
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1.8.0rganization of the Thesis

This study organized in six different but interrelated chapters. The first chapter starts by
discussing the background of the research, motivation of the research, statement of the
problem, objective of the study including general and specific, methodology of the study,
scope and limitation of the study and significance of the study are discuss in detail.

Chapter two discusses basic theoretical concepts about the spelling checker, spelling error
types, existing spell checking approaches and spell checking technique for Semitic language

and other languages and some of the previous related works.

Chapter three discusses Geez language in detail. By including, explain Geez writing system,
identify Geez word classification, explore Geez word formation and identify Geez word

inflection. Like internal Inflection of words

Chapter four discusses the general architecture and design of the proposed system, the
designed Geez spelling error detection and correction algorithm and the rule definition
structure designed as an input for the algorithm. Moreover, stored knowledge base

components used by the prototype are discusses detail.

Chapter five discusses the testing data collection and preparation for experiment, conduct
experiment and measure the performance and discus the result. Chapter six discusses the

conclusion of the whole work and future work.
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CHAPTER TWO
2. Literature Review

2.1. Introduction

This chapter deals with the basic theoretical concept of type of spelling checker in written text,
review previous work for spelling checker in local and foreign language, understand existing

spelling checker approach.

2.2. Overview of Spelling Checker

Spelling checker is tools that identify misspelled word in a paragraph or in a sentence and
provide an alternative word to correct the misspelled words. The spelling checker application
is a basic requirement for any language to be digitized [25].In addition to this, the spelling
checker application has a great role to develop higher NLP application. Like machine
translation, question answering, Entity named Recognition, Text-to Speech (TTS) system,
Automatic Speech Recognition (ASR) system e.t.c [12].

Type of spelling error

Many researchers try to develop spelling checker application using different method for
different language. The error encounter in text may be either Non-word error or Real word

error based on the meaning that gives [14].

Non-word error occurs when the user writes incorrect or misspelled word [10]. This type of
error does not give any meaning. For example, “we iss coming”. The word “iss” is invalid

word.

Real word (semantic) error occurs when a user writes correct word but not give meaning in
the context. It is difficult to identify the word is wrong or correct without some contextual
information [10]. For example, “we is coming”. The word “is” is correct word in English

language. But not have a meaning in the context of the above sentence. Because of in the
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above sentence the subject/ we/ indicates plural person. But the verb “is” used for singular

subject.

According to Merhawit sh [14] the spelling error also grouped in to three based on the error

patterns produced .These are topographic error, cognitive error and phonetic error.
I.  Topographic error

This type of error occurs the correct spelling of the word known by the writer but the writer
make mistake unknowingly. The cause of this error mostly related to wrongly key press [13].
This type of error may be encounter in single character of a word or in multiple character of a
word [14]. Typographic errors fall into one of the following four categories, such as

substitution error, deletion error, insertion error, and transposition error.
n. Cognitive error

This error occurs when the correct spelling of the word is not known. In cognitive error the
pronunciation of misspelled word is the same or similar to the pronunciation of the correct

word [17].Cognitive error encounter especially in languages having homophone alphabet [4].
I1l.  Phonetic error

Phonetic error one class of cognitive error [26].1t occurs when a user substitute a character
with its phonetically equivalent character [14] [4].

2.3.Technique of Spelling Checker

The spelling checker application has two main phases. This are error detection and error
correction phases [18].Error detection concerns to identify wrongly spelled words in the
paragraph or checking either the word is found in the dictionary or not. Whereas error
correction concerns to provide suggestion or an alternative word in order to correct the

misspelled word.
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2.3.1. Error Detection

Spelling error detection is process of identifying misspelled words from a sentence or
paragraph by using error detection technique. Dictionary lookup and N-gram analysis are the

most common existing error detection techniques [10] [4].
A. dictionary lookup

Dictionary lookup technique used to check every word of input text present in the dictionary
or not. If the word presence in the dictionary, then that word consider as correct word.

Otherwise, put in to the list of error words.

All words with their inflection and derivation of the word store in the dictionary then, check
each input text from the dictionary takes many times. As result, the dictionary looks up
technique needs large amount of memory size and may take long time to search. Therefore,
the drawback of this technique is needs more space and inefficient search time [15]. Because
of practically, it is impossible to store all word with their inflection and derivation for
morphologically rich language. The most significant searching techniques for dictionary
lookup are hashing, binary search and finite state automata [27] [14].

Hashing involves searching for an input string from a pre-compiled hash table via a key. In the
context of spelling checker, if the word stored at the hash address is the same as the input
word, the input string marks as correct. However, if the input word and the retrieved word are
not the same or the word stored at the hash address is null, the input word marked as a

misspelled. Hashing technique provide fast access [26].

Another predominant method in dictionary lookup technique is binary search technique [28]
[29].This method performs by using median split. Median split tree used to access high-
frequency words faster than to low-frequency words without sacrificing the efficiency of

operations.

Finite State Automata (FSA) [14] method is another dictionary lookup method. This method
used to representing a language, as a set of strings with a sequence of notations of some

symbol or script [30].
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B. N-gram technique

N-grams are a method to find misspelled words in the text [31].It is a contiguous sequence of
n items from a given sample text. These items can be phonemes, syllables, letters or words
according to the application. Where n€ {1, 2, 3...}.If n = 1, 2, 3 they are referred to as

unigrams, bigrams, trigrams respectively.

Instead of comparing each entire word in a text to a dictionary, just n-grams are controlled. N-
gram technique is work by examining each n-gram in an input string and looking it up in a
pre-compiled table of n-gram statistics to ascertain either its existence or its frequency. The
advantage of n-gram algorithm they do not require knowledge of the language. Often it is

called language independent [15].

2.3.2. Error Correction

After error detecting, the next step in spelling checker is error correcting. Spelling error
correction is a process of generating or suggesting closer words to the misspelled word, ranks
the suggested words and replaces the misspelled word with the correct one [14].There are
two type of spelling error correction [26].These are automatic and interactive error
correction. Automatic error correction is the system decides one best correction and
automatically replaces the misspelled word. However, interactive error correction the system
provide one or more suggestions and the user select one of them. Some of the existing error
correction techniques are minimum edit distance, rule-based, similarity key, n-gram-based,
probabilistic, noisy channel and neural networks techniques [14] [26].

A. Minimum Edit Distance Technique

This technique stands on counting the minimum number of editing operations (i.e., insertions,
deletions, and substitutions) required to transform one string into another. As stated by
KAREN KUKICH [27] the first edit distance algorithm was implement by Damerau. This
technique is a simple and the most effective technique to generate the suggestion. Minimum
edit distance technique compute the minimum edit distance between a misspelled strings and
dictionary entry. It have applied to virtually for all spelling correction tasks, including text

editing, command language interfaces, natural language interfaces, etc. However, it is not
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quite as good for correcting phonetic spelling errors [32].Given two-character strings s1 and
s2, the edit distance between them is the minimum number of edit operations required to
transform sl to s2.Minimum distance technique perform by using different algorithm
[15].Some of this algorithm are Levenshtein algorithm, Hamming, Longest Common

Subsequence [33].

a. The Levenshtein algorithm: This algorithm is a weighting approach to appoint a
cost of 1 to every edit operations. For instance, the Levenshtein edit distance
between “cat” and “dog” is 3 (substituting “c” by 7 d”, “a” by “o”, ”t” by “g”
).

b.The Hamming algorithm: This algorithm used to measure the distance between two
strings of equal length [34]. For instance, the hamming distance between “bad” and
“bag” is 1.Becuase of the corresponding character mismatch (g and d).

c. The Longest Common Subsequence algorithm: The longest common
subsequence algorithm is a popular technique to find out the difference between
two words. The longest common subsequence of two strings is the mutual
subsequence.

B. N-gram Technique

As stated by [35] N-gram analysis can work in two ways, either together with dictionary or
without dictionary. When n-gram implemented without a dictionary, used to find in which
positions the misspelled word occurs. If there is a unique way to change the incorrect word so
that, it contains only valid n-grams, this is taken as the correction. The performance of this
technique is limited. It is simple and does not require any dictionary. Together with a
dictionary, n -grams are used to define the distance between words, but the words are
always checked against the dictionary [35] [26] [31] [25].

C. Rule Based Techniques

Rule based technique works by defining a set of rule for common spelling errors patterns in
the form of rule for transforming misspellings into valid words [14] [27]. This technique needs
language expert to define the rule of the language. If a misspelled word falls in the set of
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common spelling error patterns, candidate words will generated by applying all applicable
rules that can be applied on the identified error pattern. Some of the drawback of rule-based
technique is, it needs plenty of manual effort and requires complete grammar rules to cover all

types of sentence constructions.
D. Similarity key

The similarity key technique works by mapping every string into a key such that similarly
spelled strings will have identical or similar keys. This technique works based on transforming
words into similarity keys that shows the relations between the characters of the words. Thus,
when a key was compute for a misspelled string it will provide a suggestion to similarly words
in the dictionary words. The importance of this similarity technique is, speed [27]. Because it
is not necessary to directly compare the Non-word to every word in the dictionary. This

similarity can be positional similarity, material similarity, and ordinal similarity [30] [14].

Positional similarity:-This similarity shows the degree of the matching character in two

strings is in the same position.

Material Similarity:-This similarity shows two strings consist of exactly the same characters
but the order is different.

Ordinal similarity: - This similarity shows the matching characters in two strings are in the
same order. Similarity key techniques can found in the Soundex system. Soundex system has

invented to solve the problem of phonetic errors [30].
E. Neural network

Another interesting technique and needs in small dictionary word is neural network [32].This
technique are potential candidates for spelling correction due to their ability to do associative
recall based on incomplete or noisy input. Neural nets have the ability to adapt to the specific
error patterns of a certain user's domain because they can be trained on actual spelling errors.
Hence, the correction accuracy for that domain is potentially improved.

The back propagation algorithm is widely used in order to training the neural network. Back

propagation has 3 layers. These are input layer, hidden layer and output layer. The nodes
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within a given layer are not directly connected. However, each node in the input layer is
connected to every node in the hidden layer by a weighted link and each node in the hidden
layer follows the same fashion and is connected to every node in the output layer by a
weighted link. The activities on input and output nodes of the network indicate input and
output information respectively. In this input information is represented by on-off pattern (i.e.
when a node is turned on, a 1 is indicated; when a node is turned off, a 0 is indicated [30]).

In spelling checker, a misspelled represented as binary in n-gram vector may be taken as input
pattern. The output pattern is the activation of some subset of m output nodes, where m is the
number of words in the dictionary [30] [26].Hidden layer connects with the input and output

nodes.
F. Probabilistic Techniques

Probabilistic technique works based on statistical characteristics of the language [32]. There

are two types of probabilities [30] [33]. These are transition and confusion probabilities.

Transition or Markov probabilities:- They represent a certain given letter will be followed
by another given letter. These are language dependent. These probabilities can be estimate by
collecting n-gram frequency statistics from a large corpus.

Confusion or error probabilities:- estimate the probabilities that a certain letter substitutes
another given letter, given that an error has been made. This probability is source dependent.
Because different OCR devices have different techniques and features in order to recognize
Characters. Each device will produce a unique confusion probability distribution [30].

. Noisy Channel

This model assumes a natural language text passes through noisy communication channel
[14].

2.4.Performance Evaluation Technique for Spelling Checker

Evaluation technique is a technique used to measure the performance of the proposed system
or the model [29]. Different researchers have proposed various criteria for evaluation of a

given spelling checker. The existing common performance evaluation metrics for spelling
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checker is recall, precision and f- measure [29].Suggestion adequacy (SA) also another
evaluation metrics, used to measure the performance of the spelling error suggestion [36].

Recall: - is a measure of completeness.

Lexical recall (Rc): is defined as the number of valid words in the text that are recognized by
the spelling checker (i.e. true positives), in relation to the total number of valid words in the

text (i.e. the sum of all true positives and false negatives)

Error Recall (Rj): is defined as the number of invalid words in the text that are flagged by the
spelling checker (i.e. true negatives), in relation to the total number of incorrect words in the

text (i.e. the sum of all true negatives and false positives)

Precision:- indicates exactness of the spelling checker in catching up and responding to the

erroneous words.

Lexical Precision (P;) is computed by dividing all correct non-flags (true Negative) by the
total number of non-flags (i.e. true positives plus false positives)

Error Precision (P;): is defined as the number of correct flags (true negatives) in relation to the
total number of flags assigned by the spelling checker (i.e. true negatives plus false negatives)

gives an indication of the spelling checker.

Where TP- True Positive, TN- True Negative, FP- False Positive, FN- False Negative(see

chapter five section 5.4.1 for detail)
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F-measure: this also another performance measure that combines Recall and precision into a
single measure of performance, this is just by taking into account the product of Precision and

Recall divided by their sum

2 x precision * recall
F-measure =—— L 0 O e (3.5)
precision + recall

2.5.Related Works

This section explains and summarizes the previous works on spelling checker. Many
researchers tried to develop spelling checker application for both global and local language in

order to minimize spelling error problem.

2.5.1. Spell checker for foreign language

25.1.1.  Arabic Spell Checker

The authors of this study try to develop for an Independent Spell-Checking System from the
Arabic Language Vocabulary. This study introduces morphological analysis concept in the
Levenshtein algorithm using small size dictionary that contains Arabic language stem words
[37].These paper are mainly focus on comparing and evaluating their method with

Levenshtein approach.

In order to compare the new approach with Levenshtein’s, the researchers focus on the
following three indicators. Those are-The correction average time, the rate of rectified words
and the size of each system lexicon. According to his experiment the average correction time
for the proposed approach is faster than the average correction time for Levenshte in distance
is , the average correction rate by the proposed system is 33.7% higher than Levenshtein

distance and the size of the lexicon in proposed system less than that of Levenshtein distance.

The authors concluded that the result of proposed approach highly positive and much better
than that of Levenshtein distance. Due to this fact, the new approach appreciates the validity

of new concept and shows the importance of their new approach.
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2.5.1.2.  Spelling Checker for Marathi

These authors [21] try to develop morphology-based spelling checker for Marathi language.
For Indian languages such as Marathi and Hindi have complex morphology. For example, for
a single noun in Marathi, over 200 words are formed that are either adjectives or
adverbs. Similarly, a verb may exhibit over 450 forms [21]. Due to this reason, for
morphologically complex language not maintain in the dictionary-based approach. Because it
Is impossible to store all root words with their possible inflection word in the dictionary. In
addition to according to the author, there is no readymade corpus for this language. Due to
this reason, corpora-based spelling checker may be achieving poor performance. The author
collects 13,000 root words and classifies in to part of speech, and then apply morphological

rule for all part of speech.

The author explain morphological rule for all class of part of speech such as postposition
morphology, noun morphology, pronoun morphology, verb morphology, adjective
morphology, Adverb morphology, Conjunction morphology and Interjections morphology.
The performance of this work is 99.7%.The author conclude that the reason for traced this

error is missing incomplete vocabularies and exceptional cases.

2.5.2. Spell checker for Ethiopian language

2.5.2.1.  Afaan Oromo Spelling Shecker

a. Design And Implement Morphology Based Spell Checker for Afaan Oromo

Gaddisa Olani [9] try to design and implement of morphology based spell checker for afaan

Oromo language.

The author uses morphology-based spell checker that combines dictionary look-up with
morphological rules. The system architecture of this study contains Tokenizer, Error detection,
Error correction, knowledge base, Morphological analyzer, Morphological generator,

Suggestion ranker and Word Assembler components.
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The tokenize component divide block of text in to individual words, digits and punctuation
marks. The knowledge base component stores lexicons, affixes and rules of the language.
Error detection receives a word from the word tokenize and looks for the word inside the root
word. If the word found in the root word, it marks as correct word and no need to further
process. If the word not found in root word, pass to Morphological analyzer. The
Morphological analyzer components accept list of words from error detection and decompose
in to root word and affixes and then pass to the error detection to check whether the

decompose root word and affix are valid or not.

After affix stripping in morphological analyzer the error correction component, classify either
the error encountered from affix or from root word. Then, make closer correction based on
their class using LED algorithms. Morphological generators rebuild the decompose parts of
words (morpheme). The word assembler to combine correct word with the one flagged as
misspelled word. Finally, the evaluation of the proposed system resulted in 100% error recall,

88.62% lexical recall and 28.62% precision.

2.5.2.2.  Amharic Spelling Checker

a. Automatic Amharic spelling error detection and correction using hybrid

approach

Getinet A [18] developed spelling checker for Amharic language. This researcher tries to
identify non-word error in the document and after identifying, correct them. To achieve his
objective the author uses the Metaphone algorithm for error detection and edit distance
algorithm for error correction. The main component of this study is data preprocessing,

spelling error detection, spelling error correction and ranking.

The author use python programming for developing prototype that works single word at a
time. In addition to this, the author uses VB programming language for integrating spelling
checker with word processing. The prototype accepts a candidate word and checks the validity
of the words against the dictionary of words. If it the word not found the candidate word mark
as misspelled and the system will suggest closer words from the dictionary using edit distance

algorithm.
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The author collects about 125,000 words in order to construct dictionary and 500 words for
testing. From this, 100 of them misspelled words. After prototype development the whole
system tested by using testing data. Based on this, the author gets 98% effectiveness in its

system error detection and correction functionalities.

The author concluded that the proposed system is effective and accurate in its functionality.
However, the processing speed was not considered in this study. It needs improvement for
future research. Then, the author recommends improving the processing time and integrating it
with other Microsoft office systems in future works.

b. Multilingual Spelling Checker for Selected Ethiopian Languages

Wubetu B. [16] try to develop Multilingual Spelling Checker for Selected Ethiopian
Languages such as Amharic, Afan Oromo, Tigrinya, Hadiyyisa and Awngi. This work done
by using dictionary based approach and hashing. The proposed system marked as the
candidate word is correctly spelled word; if the candidate word matches the word at the hash
address. Otherwise, the candidate word is incorrect. The author build corpus-based dictionary
for each language. This author collect 993,072 for Amharic,866,328 for Afan Ormo,966,328
for Tigrigna,987,176 for Hadiyyisa and 676,534 word for Awngi.

The performance of the system measured using evaluation metrics precision, recall and F-
measure. There for the average performance of the system is 81%. The author concluded that
the suggested approach is able to detect diverse classes of spelling errors in the mentioned six

selected languages.
c. Automatic Spelling Checker In Amharic language

Melkamu T [10]try to design and develop an automatic Amharic spell checker integrated with
Open office word processor. In this study the author, mainly focus on non-word spelling error
detection with considering internal inflection of words, repeated words and compound words

of Amharic word. In this paper, the spelling error correction is not included.

The author uses Hunspell tool for morphological analysis. Hunspell is morphological analyzer

library and program designed for languages that have complex morphology. According to this
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study, the spell checker has five components this are, input component, normalization, error
detection, morphological analyzer, error correction and suggestion components.

The input component focus on tokenize the text file in to word and remove punctuation from
file. Normalization identifies characters with syllographic redundancy or homophone
alphabets that can be used interchangeably. Example v1Gih1Ci*11C must change in to one

common word.

Error detection this component search the candidate word inside the dictionary. If the word is
found, it consider as valid word. Otherwise, it will be pas to morphological analyzer
components. Morphological analyzer component receives the word that is not found in
dictionary from the previous component, splits it into stem, and affixes. The author
recommended to future research; need to full of error detection and error correction of
Ambharic word. However, in this paper, the author not conducts experiment on error correction

component.

In order to evaluate the system, the author conducts five experiments. For the first experiment,
the text had taken directly from Amhara Science Technology and information communication
commission 2009 annual report. From this, source 199 Amharic words out of which 5(2.5%)
words are misspelled. From this experiment, all misspelled words are detected by the system.

and one correct word mark as misspelled.

For the second experiment had taken data directly from Amhara national regional state science
technology and information communication commission annual report and from this source
the author collected 840 Amharic words out of which 16(1.9%) words are misspelled. The
result of this experiment all misspelled words are detected by the system and 20(2.4%) correct
words are marked as misspelled. The third experiment, 181 words taken from afar Region ICT
2009 annual report out of which 7(3.9%) words are detected as misspelled. From this, all

misspelled words are detected but 3 correct words are marked as incorrect.

The fourth experiment, 94 words taken from Harari Region ICT 2009 annual report out of
which 9(9.5%) words are detected as misspelled. The result of this experiment all misspelled

word is detected and 9.5% correct word are marked incorrect. The fifth experiment, 94 word

25



taken directly from experiment 4 evaluated by language expert out of which 7(7.4%)
misspelled. From the last experiment precision and recall 97.75 and 92.55 respectively. The

average performance of the system shows 97.4%
d. Amharic spelling detection and correction system morphology based approach

Merhawit Shi [14] present spelling checker for Amharic language using morphology based
approach. This work is focus on Non-word spelling error detection and correction for Amharic
word. In this work, rules are generated by analyzing the morphological behavior of the
language. To formulating the rule for the morphology of language needs linguistic expert
[15].The author develop morphological rule manually. This rule contains different parts of

speech like nouns, adjectives, verbs, pronouns, and compound words.

The architecture of the system contains three components and three. These are preprocessors,
error detectors, and error correctors. In addition to that, the architecture contains three
knowledge bases. Those are morphological rules, dictionary lookup, and a database holding
Ambharic characters. The dictionary is one of the knowledge bases that stores stem words of
Ambharic language. The stem word may be noun, verb, adverb or adjective. If searching a word
in the dictionary is empty, then the candidate word split into n-grams (unigram, bigram, and
trigram) and checked in the morphological rules, which are used to derivate and inflect a word
into different forms. All morphological rules and affix files are stored in morphological rules
knowledge base. The author develops 717 morphological rules. The Amharic character

database stores every Amharic character.

Preprocessing is the first phase of the architecture. This phase contains tokenization.
Tokenization works by splitting block of text in tow word, punctuation mark removal except
hyphen used for identifying compound word and replicated word removal. The second
component is error detection component. Under error detection component three main
activities were performed. Those are N gram splitter, stem extractor and rule filter. The error
detection component receive candidate token (word) from preprocessing component and
divide in to N-gram (unigram, bigram, and trigram) and comparing them with the defined affix
rules. After that select the rule and extract the probable stem word. If the derivation of the root
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word matches with the rule, then the word is flagged as valid otherwise it will be an invalid

word.

The last component is the error correction component. This component have responsible to
provide suggestions for the misspelled word by taking rule weight, location of the error, and

the invalid word itself from the stem extraction and rule filter.

The challenge of this approach is time consuming to test every possible scenario in the
language. Moreover, processing on a single word passes a long path starting from searching
from dictionary, if not found split it into n-grams and comparing each n-gram with the

derivation rules containing suffixes, prefixes, conjunctions and prepositions.

Finally, the author measures the performance of the spell checker prototype by using
precision, recall, and accuracy. In order to test and evaluate prototype the author prepare two
test cases. The first test case contains1551 valid words and 173 invalid words. The second test
case contains 88 unique words Amharic bible. The result obtained from the evaluation is 96%
precision, 99% recall, and 95% predictive accuracy.

2.5.2.3.  Tigrigna Spelling Checker

a. Spell checker for Tigrigna language using rule based morphological analyzer and
unsupervised approach

Berihun Hadi [3] try to develop spelling checker for Tigrigna language using rule based and
morphological analyzer and unsupervised approach. The author performs two experiments.
The first experiment conducted on rule-based dictionary look up and morphological analysis.
Even though the language and size of data is difference, the dictionary and affix file
preparation of this experiment is similar Gaddisa Olani as mention above [9] . Knowledge
Base builds by adopt Hunspell dictionary and affix file format. It contains all information

(morphological rule) and dictionary file.

The second experiment also conducted on unsupervised Morphological based approach using
Morfessor tool. Unsupervised approach learning is a type of machine learning algorithm used

to draw inferences from datasets consisting of input data without labeled responses. In order to
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conduct the second experiment the architecture containing, input component, morfessor tool,

morfessor model, Viterbi algorithms, morfessor segmentation model, Knowledge base.

The input component is the contains Tigrigna text. morfessor tool: is a tool that used for
morphological segmentation of a word in unsupervised machine learning. morfessor mod,
Viterbi algorithms, morfessor segmentation model, Knowledge base in this experiment

knowledge build from morfessor segmentation mode.

The author uses ¥2 million words collected from different source and extracted using Text
STAT software. From this word use 787 words for testing the system and conduct two
experiments as mention above. Based on the result of the experiment rule-based approach out
performs well than the unsupervised approach. The author conclude that increasing the
dictionary and morphological rule to the knowledge base and increasing corpus size to the

unsupervised approach will increase the performance of the proposed methods.

25.24.  Geez Spelling Checker

a. Context-Dependent Spelling Error Detection and Correction For Geez Language
Aleka T. [4] Try to developed Context-Dependent Spelling Error Detection and Correction for
Geez language. In my knowledge, this work is the first work for Geez language spell checker.
This study designed by using design science research methodology. The study focuses the
problems of using homophone Geez alphabets incorrectly, that they bearing completely
different meanings in a given sentence. In Geez, some alphabets have the same sound different
shape and meaning called homophone alphabet [7] [4].In order to meet the objective of this
paper, the author uses N-gram techniques. The proposed context-dependent spell checker
architecture contains three main components: text preprocessing, error detection, and error
correction.

Text processing component responsible to remove special character, punctuation marks, geez
numbers and Arabic number. In addition to split in to sentence level using full stop (:) and
question mark (¢ ?). For each sentence, a statement beginning (<s>) and ending with (</s>) are
added to differentiate a sentence from another. In addition to that, the segment sentence split
into different tokens to create unigram, bigram, and trigram using white space as a separation

mark.
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In the error detection component the author proposed and implemented an n-gram (bigram and
trigram) language model to detect and correct context dependent spelling errors that occurred
in the Geez language. To detect the error, the error detection algorithm checks the presence of
every trigram [wi-1, wi, wi+1] and bigrams [wi-1, wi] by looking up into a precompiled
trigram and bigram language model. Back off smoothing technique is use to eliminate the zero
probabilities of unseen n-gram and estimates the probabilities higher-order model by also
making using of information from the lower-order (n-1 gram) model.

In error correction component provide suggestion by ranking them based on their probability
values. The most probable word pops at the top. Firs algorithm checks whether the word
contains homophone Geez alphabets or not and the word is correctly spell or not based on
bigram and trigram language model. Then, the algorithm generates all possible word
combinations (bigrams and trigrams) and computes the most probable correction.

The performance of the system has measured by precision and recall. From 16918 sentences
for training 650 sentences randomly selected for testing data. The author conduct bigram and
trigram experiment. Based on his experiment the author concludes that the trigram-based
context-dependent spell checker scored better performance than the bigram-based experiment.

2.5.25.  Morphological Analyzer for Geez language

a. Morphological analysis for Geez language using memory based learning

Ytayal Abate [38] try to develop a morphological analyzer for Geez language using
one of the supervised machine learning approaches known as memory-based learning. The
proposed system is focus on only Geez verbs and trained with manually annotated sample

verbs.

The proposed system architecture has two phases. This are training phase and morphological
analysis phase. In the first phase of the architecture involves morpheme annotations, to detect
the morpheme from a set of words. Inflected words are segments by prefix, stem and suffix.
Each segment marked by their representative notations. In Geez, prefixes indicate many
features [7]. Such as negation marker, preposition marker, conjunction marker, Causative

marker, causative-reciprocal marker, Reflexive marker and reciprocal.
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The representative letters represent those features. The annotated words are stored in a
morphological database. Then, the instances of the annotated word extracted from the
morphological database using windowing method. Then, a memory-based learning model is
developed using a learning tool TiMBL. Classifier algorithms called TRIBL2 and IB1 are used
to construct databases in memory. The suffix also indicates for two features in geez language.
These feature either subject marker or object marker.

Once the learning model is developed, the second phase (morphological analysis) continues.
In this phase, a new word is analyzed based on previous training data. The word is segmented
and represented as instances and they are compared with the training set. The word will be
classified as the closest instance. If the inflected word is unknown, its morpheme is identified
and the class that shares the most common features is inferred and predicted as the class of the

new instance.

The next step is reconstructing the given word into meaningful units. The system searches for
similar stem patterns from the stored training set. If it is not found, distance to the most nearest
neighbor is calculated. The last step is extracting the root from the stem. This involves

removing the vowel in stems for words with more than three characters.

The author annotated manually 1105 verbs to be suitable to TiIMBL algorithms. From these
annotated verbs, the author extracted 12135 instances automatically. This data set was divided
into training and testing data from which 90% for training and 10% for testing.

Generally, the author concludes that IB2 is good at memory usage on both default and
optimized settings (with 91.72% and 93.24% accuracy). However, it has low processing
speed, which in turn takes more time. On the other hand, TRIBL2 algorithm achieves a little
bit different from IB2. It performs 91.19% and 92.31% with default and optimized parameter
settings respectively.
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2.5.3. Summary of Related Works

Title author, | Approach/ Strength Limitation
Year methodology
Automatic Melka | -Dictionary looks up | -The study considers the | -Real word error
spell checker | mu T. | technique. internal inflections of words, | detection and
for  Ambharic | ,2020 -The Hunspell tool is | compound  words, and | correction are not
language [10] an open-source spell | repeated words. considered.
checker with a ) ) | -Even though
_ -Developing affix (prefix, _
morphological o ) developing an
) infix, and suffix) rules: _
analyzer library. ] automatic spell
inflected words are generated _
) ) checker is  the
by applying affix rules on the
] o researcher’s aim, it
root words. This minimizes | )
. is not implemented
the problems of requiring ) _
spelling correction.
extremely large  spaces,
searching time, and
impracticability of listing all
correct words to develop a
dictionary.
-Integrating the spell checker
into an open office word
processor
Amharic Merha | -Morphology-based Define morphological rules | -Detecting and
Spelling Error | wit S. , | approach: for | to derive and inflect Amharic | correcting real word
Detection and | 2010 detecting  misspelled | stem words into different | errors are not
Correction words and generating | forms. included.
System [14] suggestions. . ) ]
-Distance calculator | -morphological rules
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-N-gram to split words

algorithm used to find closer

are prepared only for

unigrams,  bigrams, | stem words verbs. However,
and trigrams other parts of speech
like nouns,
adjectives, pronouns,
and compound
words  are  not
considered.
-Defining a
complete set of rules
for morphologically
complex language is
an inefficient task.
Multilingual | Wubetu | -Dictionary-based -The system is able to |-The system not well
Spelling B., approach with hashing | identify diverse classes of | performed for the
Checker  for | 2020 spelling errors. languages that have
selected -Preparation of corpus from | complex
Ethiopian different source is good | morphology.
Languages thing. -Not include real
[17] -The speed of the system is | word error detection
well b/c Hashing search | and correction.
algorithm  provide  fast
access.
Automatic Getnet | -Metaphone algorithm | -The proposed system is | -Metaphone
Ambharic A, for detection and edit | effective in its error detection | algorithim  mostly
Spelling Error | 2018 distance for correction | and correction functionality. | effective in  less

Detection and

of misspelled word

morphological
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Correction

complexity language

using Hybrid -The proposed
Approach system inefficiency
[18] in speed
-The  study not
considers real word
error.
Design  and | Fikru -Dictionary look up | Developing affix (prefix, | -Real word error
Implementatio | T.,2018 | and morphological | infix, and suffix) rules: | detection and
n of analyzer  for error | inflected words are generated | correction are not
Morphology- detection by applying affix rules on the | considered.
based  Spell -Levenshtein edit | root words. This minimizes
Checker [26] distance has used for | the problems of requiring
correcting errors. extremely large  spaces,
-Hunspell  tool for | searching time, and
morphological impracticability of listing all
analyzer correct words to develop a
dictionary.
Integrating the spell checker
into an open office word
processor
Designing Abdulje | -Dictionary lookup | -Using the hash function to | -Dictionary  based
Dictionary bar with hash function and | minimize the response time | method requires
Based K.,2019 | n-gram approach to | of the dictionary lookup more  space for
Spelling detect the error and languge, that have
Checker  for correct -The corpus collected from complex
Afaan difrent sources. morphology.

Oromoo [28]

-Real word spelling

33




error detetion and
correction not
include
Spell checker | Berhun | -Unsupervised -Developing affix (prefix and | -Real word error
for  Tigrigna | H.,2020 | machine learning | suffix) rules: inflected words | detection and
language approach are generated by applying | correction are not
using rule -Hunspell for | affix rules on the root words. | considered.
based morphological This minimizes the problems | -developed rule not
morphological analysis of requiring extremely large | concider infix and
analyzer and -Edit distance for error | spaces, searching time, and | circumfix affixes
unsupervised correction impracticability of listing all
approach. [3] correct words to develop a
dictionary.
-Integrating the spell checker
into an open office word
processor
Context- Aleka | N-gram model -Corpus preparation from | -The proposed
Dependent T.,2022 different source systems only focus

Spelling Error
Detection and
Correction

For Geez

Language [4]

-This

attempt for Geez languge.

work is the first

on homophone error.
-This

attempts  to

work  not
solve
non-word error and
real word error.
-Addtinally,

work did not cover

this

Geez
abbreviations.Becua
se of Geez language

have many
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acceptable
abbreviations.

Table2. 1 Summary of literature related works
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CHAPTER THREE

3. Overview of Geez Language

This chapter explains the theoretical concept about Geez language. Especially, elaborates the
historical background of Geez language, its scripts, writing system as well as its linguistics

properties such as syllable structures, phonetics and morphology.

3.1.1. History of the Geez language

Ethiopian scholars [20] the word Geez has two meaning due to the variation of the letter. The
first meaning of the word Geez is the first and foremost language when we write with as
“e1om/giezi”. For instance Arabic language belong to the people who live in Arab, French
language belong to the people who live in France. However, Geez does not expect this
practice [39], the first and foremost language. Geez does not describe any tribe (#4), the
language of all [39].The second meaning is the language spoken by free people when we write
as “eloM/giezi”.

Around 3600BC, Semitic peoples who live in the South Asia migrate to South Arab and
Yemen then they migrate to Ethiopia, construct village at Aksum, develop, and spread their
language around the country. At that time the most dominant and well-known languages are
Saba (an) and Geez (<1¢m/gizi) [40]. Especially until Zagwe dynasty (13" centuries), Geez
becomes the only national language in Ethiopia, and used as governmental language. For this
evidence, many stone inscription and monument inscription have found in Aksum. After the
13th century, as the remains of Latin were making the metamorphoses into the romance
languages, spoken Geez also split into many closely related tongues, mainly Tigrigna in the
north and Amharic in the south [5].

3.1.2. Writing System of Geez language

Writing systems shows how to represent sets of symbols to represent the sounds of
speech and may also have symbols for such things as punctuation and numerals. In
Ethiopia, the only language that has its own alphabet (¢.24\) is Geez. Other Semitics languages
like Amharic and Tigrigna adopted these alphabets from Geez language [38]. Before 5 century
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BC the ancient Geez writing system from right to left up to Abune Selama like Arabic [41].
Currently, the Geez language writing system changes (i.e., left to right).

In Geez, 26 base alphabet/é.2a vertically listed with seven columns. Each of the columns are
labeled as <10 /geez/ (first order), hoQ /kaeb/ (second-order), »An /salis/ (third-order), &0
/rabi?/ (fourth-order), »9°a /hamis/ (fifth-order), a&a /sadis/ (sixth-order), and a6 /sabie/

(seventh-order) of alphabets [39].Look at the following example how to represent current

Geez alphabet.
101 hoQ AN Ao S9N &N a0
U v kA 7 % v v
QA iy I A 0 A (e

Tatble3. 1 sample example to show modern representation of Geez alphabet

In addition to 26 base alphabet, there are four alphabets which have not the second and the
third order. So 26 *7+5*4=202. Totally 202 alphabets are used to type Geez text [38].This

alphabet is known as &£a/fidel.

Geez language also has its own numerals for representing number.

Bl heh/1 209778 F/024/04/60

g/ E2 B/00+/9 &/000/70

Flwdrk 13 T/0wCE/10 /0e719/80

B/hCO0E 4 RINe120 4/+00/90

Bl39P0ES @lwaa/30 7/9°0°+/100

g/t /6 51/hC019/40 #/h§/10000
200047 q/790a/50 #62/AhA4-1/1000000

In Geez, has no symbol to represent zero [22]. Sometime Geez number combined with

alphabet. For example, Tog => 12 ¢ f+ => 3.
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3.2.Geez word class

Geez word can categorize into eight: Noun, Adjective, Pronoun, Verb, Adverb, Preposition,
Conjunctions and Interjection [42].

Noun

Noun is a name that represents a person, animal places, feeling, things and idea. According to
[42] there are different types of nouns. Such as common noun, proper noun, collective noun,

abstract noun, pronoun, independent pronoun and suffix pronoun.

The objective of this study is not to explain types of nouns, rather how to derivate and inflect
noun and identify the plural marker of noun in Geez language. In Amharic most of the noun
have suffix -a+/®+(Plural marker) [10].But in Geez language there is no simple method in
order to change singular noun to plural noun [7]. In addition to adding suffix at the end and

prefix at the beginning, there is also internal inflection to change singular noun to plural noun.

Example £794 to £994A. Generally, there are two way of forming plural forms of noun.

These are - 1. Pattern replacement 2. Addition of an ending

Pattern replacement: for example 2-0¢/ dabr -------- AL0C [adbar/ t U1C/heger 10 AUTC/ahigur £
(Lt/bet to A€ H/abyat.
Addition of an ending: for example AgvF/amet ---------- havdtjametat. IN Geez we use the

alphabet A iA...... + * @ it iAierig to change a singular noun to Plural noun [23] [7] show

the following table.

Alphabet(letter) Singular noun Plural noun
[ e (R ¥a\

av- ATt Arhav-

+ 7 et

A LAC ALAC

- he hLm-

A...ct ¢ ANCT

Tatble3. 2 Example of singular to plural noun
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In addition to this plural formation of nouns can occur by changing the Fidel to ¢4 @ agq.
For example A7& to A9PZ * LA1e- to RAFC # ovhAsT tO aPhAL f ao&fet to aPfA@-. Some
nouns end with Fidel »ana @ 2900 aNod add £+ or £7. For example &2 to LB+ T AZOP tO
KEIPET T PAM tO PANST.

Adjectives

An Adjective is a word that describes nouns or pronoun. It used to identify the behavior, color,
shape, character and situation of noun’s or pronouns [7]. Example #&c/red, o0.e/big. In Geez,
an adjective encounter in different state. Like in gender, case and number [42]. Most of The
Geez adjective can be inflected and derivate to plural number by prefixing “AA  at the

beginning and suffixing “7 :¢7% 7 -+. Show the following table. Table 3.2

Prefixing | Suffix | Geez Singular | Amharic Geez Inflected | Amharic
Al av' M h\IOE K197
7 - etAn «79P7 etAn-
£ N8P N8P NTL@-L7 NT7e@-L7
+ Pt Ptao( 7T P84T e+avA T

Tatble3. 3 Example of Geez Amharic adjective suffix and prefix to change in to plural
form

Verb

Verb is the word that used to indicate action or state of the sentence. According to [23] Geez
verb (a0) begin by five alphabets (fidel). These are <10H /Geez/ (first order), ¢&fd /rabi/
(fourth-order), »9°a /hamis/ (fifth-order), a&a /sadis/ (sixth-order), and aé /sabi/ (seventh-
order) of alphabets and finish in two alphabets. These alphabets are 61 /Geez/ (first order),
and 20 /hamis/ (fifth-order). The number of alphabet in Geez verb (<10) is between 2-7 [23].

According to the Ethiopian scholars, the types of verbs described as perfective, indicative,
subjunctive and imperative verbs are called %02+ AS®a /abeyt anaqtsi/ . This verbs can close
the idea of a sentence independently without seeking a help of other verbs. In addition to these
verbs, the scholars identify 70-47 A9$& /niusan anaqtsi/ which cannot close a sentence unless

other verbs are add to them.
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As shown in Table 3.4, the tense-mood identified by the Ethiopian scholars are the same as
that of those identified by the foreign scholars except that the Ethiopians identified extra
moods which are categorized as 70-47 ATPL.

Tense-mood Identified by Ethiopian Scholars By foreign scholar
No Tense-mood Category
1 PLTIL [54¢é, K1 Perfective | Perfective
nALL [0+ ATP& Indicative Imperfective
- - 008 h7$&(abiy anqgets) - -
wA1L [FaHN (subjunctive) Subjunctive
PPCN thHH A1P& Imperative
Phe P A (Jussive)
(i A7 (Gerundive)
AChOT A7 (Infinitive) )
an.  HC A% (sabizer w0AT Kir [ius
o0 hrpe (kitsil angetsi) angets/

Tatble3. 4 Tense-mood Identified by Ethiopian Scholars [38]

The inflection and derivation rule of verb follows the rule of their root verb. There are 8 type
of root (modal) verb [43].The difference of each root (modal) verb based on the following
criteria [22].

1. Number alphabet(?wret NH+)
2. Shape of alphabet(?wret+ A@3+C)
3. And way of pronouncing(htn-n)

Geez root verb

No | Root verbs | No of alphabet(ewr#+ | Shape of alphabet | Pronouncing (Ar0)
(1t ACAOT) Ht) (Pret Ao F4()

1 +tA 3 6H 100 101 [katolo/

5 20 3 0N 16 10N Ikaddasa/

3 e 3 0H AL 101 [gabira/
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AhavL, 4 0H ALN0 <101 “16H /?a?moara/
acn 3 ¢~00 910 101 /baroka/
vap 2 2900 “10M /Sema/
NuA 3 A0 A0 10t /bihilo/
$av 2 a6 M Jkoma/

Tatble3. 5 Geez root verb

A root verb is used as a base for another verb. Geez verbs follow one root verb inflection and
derivation rule. So to be clear if a verb similar to the root verb #td/qetele, then the inflection
and derivation rule similar to #+A. Look at the following derivation and inflection verb #+A
(getele).

) T
PtA -- 124 (P4U18 AT )(perfective)
LA - £12AN(NAAL ATP&/T LT ) (indicative 00LL A¥P&

( ) ( )
LI -- &2/ £12:A(subjunctive)
_—
T

LPFh---- 212N H1 (Jussive)
Pt (PhaeT) -- avRA (infinitive)
PFA -- £184 ... Adjective —
PI30L7 -- 1% ...adjective for plural male 00 WP
P30T -- L18AT-......adjective for singular female

—/
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+FALT -- 184 .adjective for plural femal 70:0 A1
PEA -- 112A..adjective

PtATt -- A19LA...... sabizer

Ptite.... 180e....... Gerundive
PFA. -- 19L......Noun
DA - 0.0, noun(Té HC) ag° LU

If some one knows how to inflect the verb #+a/ getele, all verbs similar to getele follow the

same rule.So the verb like 10¢ @ @8 follows the ¢+A inflation and derivation rule.
Adverb (t@-ah 9q)

Adverb is a word that modifies verbs for such categories as time, manner, place or direction
[43]. A word gives additional meaning to verbs. Like how, why, where, etc [44]. In Geez there
are eight main type of adverb [43] such as:

Adverb of manner (hv12-®) for example &m-1 -- &t (Quickly)
Adverb of place (evhq®) for example H? -- AtV (here)
Adverb of time (1.H£€) for example 2wg® -- 17 (tomorrow)

v
v
v
v Adverb of frequency (22190 1.1;) for example @+ _ _ (“H@-+C (always)
v' Adverb of certainty (G117 eo2.20.%) for example Aot --ACmrt (surely)
v Adverb of degree (?h&J7 10.5>) for example &£ --Qa<00- (fairly)
v'Interrogative (eoang.9®) for example 9961, -- a’ (when)

v

Relative (+H97¢") for example N1.h
Conjunction (A2£1L)

Conjunction is a word that links clauses or sentences or to coordinate words in the same
clause. hav: AgPAA: (IHE (A7HE Ve7H: 087 hee  are some example of conjunction in Geez
[45].
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Preposition
According to [44]Geez proposition can divide in to two.

1. Prepositions that fall onto nouns to indicate start and end, direction, comparison, time,
place .like a9° (h): 40 (o747 @L): her (A7L)F N (Nkov)iA (Ndov): A9%Y (LH) * @-(Orf
(0-07)? hGh (@D6R.).

2. The second Prepositions having (of, ,,s) meaning. Like H ¢ A7t  AA -- £. Some preposition

used as conjunction [44]

Prepositions can be freestanding or prefixed to another POS [42]. For instance: 0 /be/,
a/le/, ofwel,H/zel e.t.c are prefixed to another POS. -10/hebe/:ev1a/Mengele/: hav/keme/:
h9%Y/amehal @ @-ari/wiste/: hen/afial e.t.c are free-standing preposition. The meaning of a

preposition can vary depending on the case of its object.
Interjection

Interjection is words that express strong feeling, emotion, or surprise [42]. They are often

capable of standing on their own.
Examples

v hPi/hawisa/ich®A /hawisa/’sign of joy.’
v agat/leylyel/inag/leylye/ woe is me.’

v (/s0/’sign of request, please!’.

3.2.1. Affixation in Geez word

Affixation indicates the addition of affixes on the root/stem words to cause word variations.

Geez support all types of the affixes namely prefixes, suffixes, infixes and circumfixes.
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3.2.1.1. Prefixes

Prefixes are a morpheme that attached at the beginning of a lexical item or base-morpheme.
As described in [38] [46] Geez prefixes used to indicate Verbal-stem-marker, person-marker

prefixes, negative marker and basic out breeding phones (Atc-@« &.24) [5].

Verbal-Stem-Marker Prefixes

This type of prefixes are attached to the front of the base-stem verb to form four more derived
stems namely causative, reflexive, reciprocal, and causative-reciprocal. For example the word
+talperfective,  aA¢ta/causative, -+etalreflective,  +dtalreciprocal, antdta/causative-
reciprocal.

Look the following table.

No The Five Stem Types
Tense mode | MLC AMC e +INC atrt ¢ (Causative
(Perfectve)) | (Causative) | (Reflexive) | (Reciprocal) | Reciprocal)
Perfective | ¢#ta hPta A P SN
Indicative  |&¥Fa [T [Z Y [ZAES Y [REEETY
Subjunctive |&+Ta [ZET o rbtin [ ot
Imperative | PTa APt tbtd t PN AlvtPTa
Jussive [X T PP T [ERZNY [T eatdta
Gerundive |Ptoe hAdtoe tebhhe +P e htrt e
Infinitive(a) | +E& Abtie AtvtFtte | tPtae +PTte
Infinitive(b) | $taet Abtoet aAtvtF oot | teriet + Pt

Tatble3. 6 five stem verb with tense mode [46]

Person Marker Prefixes

These are prefixes attached in front of the stem verb, to show the indicative, subjunctive and
jussive mood verbs to indicate the subject (doer) of the action of the verb. This prefixes are A:
1:+: 2.Not only for this alphabet but also the héql /ka?b/ (second-order), &1d /rabi?/ (fourth-

order) and ag-t /sadsi?/ (six-order) of the above alphabet is used as person marker prefixes.
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For example, the verb 4.2 (he liked) has its indicative, subjunctive and jussive forms as £4.42:
(he will like), &£ (he must like) and £&#2: (for him to like). The alphabet ‘€’ the a&h
/sadsi?/ (six-order) of ¢. In both case ‘2’ indicates the subject of the action. So the subject

is ‘He’.

Negation makers (At3)

Negation marker prefix used to show the negativity of verbs and nouns. Those alphabets are
A& and A.. Only negative verbs can have the possibility of having two prefixes. The negation
marker of the verb always present at the beginning of the verb. Example the word 0 /present
hAn/absent and -+é.#8/he is liked by) a-+é&/he is not liked by).

Basic out of breeding phones (Ahé-@- 4.247)
Basic out breeding phones are prefixes that used for making the verbs to be (future tense and

past participle).This prefixes are /&7 -+ 7% &/

Basic out breeding phones (A#7¢-@- &.2A(2: 3 7% &)

Past Future Past participle

L0 (he sanctified) 220 (he will sanctify) 220 (he has sanctified)

+LAat(she sanctified) | &0 (she will sanctify) LN (she has sanctified)

+L0"1 (we sanctified) | r&&na (we will sanctify) 720 (we have blessed)

+L0h- (I sanctified) L0 (1 will sanctify) AadL:0 (1 have sanctified)

Tatble3. 7 Basic out breeding phones

Not only this but also the <101 /geez/ (first order) and <016 /rabi?/(second order) of the above
alphabet(e: -* 7t &) is used as basic out breeding phones for some exceptional verbs.
Examplel &t to et/ Example2 hdae to +@-9°. There for the alphabet “¢ “and “¢” the
96 /geez/ (first order) and <-01d/rabi?/(second order) of “g” respectively.
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3.2.1.2.  Suffixes

Those morphemes added at the end of the verbs. In Geez this morpheme shows Gender
(Masculine or feminine), Number (Singular or Plural), nearness or farness of the verb. The
suffix of the verb in Geez language indicates either subjectivity or objectivity. Suffixing
morphemes at the end of a verb to show only the subject Gender, Number and nearness or
farness called subjective marker suffixes [7]. In addition to this suffixes at the end of the verb
to show the object’s Number, Gender, nearness or farness known as Objective marker
suffixes.

Subject markers (AT Agvan¥-f/ [heo: h7: +F 1% he hef h/kimus Kinie tif nes ke kus ki] are
used for indicating the subject on verbs [41]. Example the word #+ah/I Kill / the suffixes

f/ku indicates the subject I. For detail understand look the following table.

Object markers suffixes (+A0. heedh¥F[v-F ¥ avi (pav: (P7: 7 P: Pi Pavi Pe

Geez
Pronoun Verb/ad | Suffix
Al P o -
nrt Ptin n
ATk A n
i +ta 0N L9°%(R)
et P At T
Ieh P 1
A7rtav Ptdhar- hoo-
ATt Ptoany n7
®-Hfav- S o0 &9P% (A)
O} P PtA 010 £ (k)

Tatble3. 8 Geez subjective suffix adapted from

hi hs

£i f7 ¢ oot e7/hut hai muf homu: honif nif wa: wo: womu: woni: ka: kot to: ya:

yo: yomu: yoni] indicate the object of the verb [41] [5].
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Pronoun | Geez verb Subjective suffix | Objective suffix
Art Prah-h -hr -h

ATt PO - -,

Ok +1+ah® -h -

QAT tt+oheP -h -p

R7rtav- P tih-har- - -hao-

ATt iy -he -7
@-hfav- $t+ahPav- -h -Pav-

(1 PrAhPY -h -9

Tatble3. 9 Geez objective suffix
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CHAPTER FOUR
Design of Geez Spelling Checker

4. Overview

In the previous chapters, the researcher describes some of the related works of spelling error
detecting and correcting mechanisms for different languages. The main goal of this study is to
design and implement interactive spelling checker for Geez language. In this chapter, the
researcher has discussed the detail architecture of the system, the algorithm for Geez spelling

error detection and correction and the rule definition structure.

4.1.Morphological analyzer for Geez Language

Morphology is a branch of linguistic that deals the word formation and internal structure of the
word in the language [8].The smallest unit of word, which has meaning or grammatical
function in the language known as morpheme. So to be clear the word “A(Fh.” break in to two
morphemes “&h.” is morpheme and “&1” is another morpheme. Morpheme can divide in two
types. These are free morpheme and bound morpheme.

Free morphemes/lexical: this is a morpheme with complete meaning and they can stand
alone as an independent word in a sentence. This morpheme does not need to attach to other
words to give meaning. Example the word A1zag® this represents father, Mather respectively.
Bounded morphemes/affix: this is a type of morphemes cannot appear as a word by itself
and cannot stand alone, but when connected to another morpheme, gives meaning. For
example, the word Afth./your father/ the morpheme &1 free morpheme were as the morpheme
&t is bound morpheme.

As mentioned above Geez have complex morphology.so creating a dictionary having all the
words of the language is very difficult task considering the large variations of affix
combination in the language. To solve this problem, we use morphological features and
dictionary of only the stem words and dictionary of affixes that are going to be attached to the
stem word based on the provided rule. For example the stem word #+a(he Kkilled) ¢+aidtaz
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PraiPrAFiP AP TADIP AP FARD e.t.c. From this example only the stem word ¢4 will
have kept in the dictionary and the other words inflected based on the morphological feature.

If the input word not found in the dictionary, the morphological analyzer split the word in to
probable stem word and probable affix.

So far there is no full developed morphological analyzer for Geez language. Due to this
reason, the researcher adopts the Hunspell dictionary and affix file format. Hunspell is an
open source spell checker. It has been designed especially for language with rich morphology
[24]. Hunspell requires two files to define the way of language being spell checked. These

files are dictionary file(*.dic) and affix(*.aff) file.

The dictionary compiled from [23] book. The dictionary contains verb, adjective, adverb, noun
and preposition. The researchers use this dictionary as base dictionary and add some country
name and spiritual common name like A& ¢/Ethiopia/?“LhAé/Mikael /7 11Ch6\ /Gebriael/?

A (Ch7°/Abrham/: A.94AAI°/Eyerusalem. The word is listed one word per line followed by
forward slash (“/””), then 0 or more flags, which represents the word attributes, for example

affixes. Look the following example

4 SET UTF-8
+ta/itLkeiu PEX WB Y 4
wiii/Kitzei PFXWB 0 on
eI PEXWB 0 &g
PFXWB 0 H
gA/itLkeiu PEXWB 0 A
SFX itY 2
SEX it 0 * [
SFX it 0 4

Figured. 1 (a and b) Morphological feature (affix and rule) and Dictionary
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Figure 4.1a to shows how to build a dictionary. The first entry 4 indicates the number of
estimate word in dictionary. Geez word start at the second line flowed by slash and flags. The
slash ( “/” ) indicates the end of dictionary word.+a/qetel/zhll/azezeth 24-A0.9°/iyerusaliem
and &-td/fetele are dictionary words. WB,it,k,ei,u and z are flags that points to the rule of

affix in morphological feature. For instance, WB points H:@Qiaza®. (See fig4.1b).

Geez language supports all affixes such as prefix, suffix, infix and circumfix. An affix file in
hunspell may contain many attributes. For example, SET used for setting the character
encoding of affixes and stem files. PFX and SFX defines prefix and suffix classes respectively

named with affix flags.

At shown in the above figd.1b @niHi:A and A¢° attached at the beginning of the word (i.e.,
prefix). + and - attached at the end of the word(i.e., Suffix).as shown in fig 4.1a all
accepted words for the word “Af4009°/WB” IS HALFAATIONALLAAICIAARPE-AAIOE
LA 04-ANT.

CIRCUMFIX X
PEX hY1
PFX h 0 &/X
SFXuY 1

SFX u +a +d/uh  [+4]

Figured. 2 Geez circumfix
In addition to prefix and suffix, Geez also support infix and circumfix. Look in fig 4.2 shows
if the word ends with +A and & attached at the beginning of the word, and then change the
alphabet +a to +&. For example from the fig 4.1a the word #+a, 4.4 found in the dictionary,
then g4.t: e+t are valid word.
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4.2. System Architecture for Geez Spelling Checker

The proposed system has three main components. These are preprocessing component, error
detection component and error correction component. Preprocessing component are
responsible for accept a block of Geez text from the user, then tokenize each word by using
word delimiter, remove punctuation marks, remove duplicate words and passes the candidate
words to the error detection component. The error detection component is responsible to
accept the candidate words from preprocessing component and check whether the candidate
word is valid or not based on the Geez dictionary and morphological feature. The error
correction component is responsible for providing suggestion for misspelled word by using
replacement rule and LED. Then after provide probable word suggestion, the user will select

correct list from the list.

The proposed system has two back end database. These are dictionary and morphological
feature. The dictionary database contains Geez language dictionary words, this includes noun,
verb, adjective and preposition as mentioned above in this chapter. Morphological feature
database also contains affix of Geez and defined morphological rule. Morphological rule used
to show how to attach each affix to the stem word to generate valid word (see fig4.1a and b).

General system architecture of Geez Language spelling checker are provided in the figure 4.3

51



Block of Geez text

%

Word preprocessor component

Word tokenization

Found

Dictionary

Not found

R
N

Morphological

Morphologic

analyzer

Error detection component

al feature
(Affix and

N—

Morphological generation

v

Provide ranking suggestion

Error correction component

Correct text

Figured. 3 General system architecture
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4.2.1. Preprocessing Component

The first component of this study is preprocessing component. According to modern
informational retrieval book [47] there are five types of document preprocessing. These are
tokenization, elimination of stop word, stemming, index term selection and thesauri. Form this

document preprocessing, only tokenization used for this study.

Tokenization

Tokenization is responsible to split a block of text in to individual tokens. These tokens may
be paragraphs, phrases, sentences, punctuation marks, digits or individual words [26]. The text
is broken based on some boundary delimiter such as white space and punctuation marks. The
Geez language words are separate or ended by blank space or punctuation. After the splitting

text is done, all punctuation marks are removed.

In this study tokenization, consider at word level. First read block of Geez texts and split in to
word, Then after, the candidate word pass to the dictionary to check either the candidate word

is found in the dictionary or not.

Input: Block of Geez Text
Output: List of Tokenize Geez words

1. Empty list=[]

2. Read a character

3. For each character in a block of text up to end of document is reached
4 If a character is punctuation mark or space

5. Skip

6 Else append the read character to empty_list

7 End if

8. End for

Algorithm4. 1 for Tokenization process

The algorithm for tokenization to split a block of text starts working by reading block of text.

First, read a character (line 2-4) up to punctuation mark or space is reached. When the process
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reached to the space or punctuation mark (line 4), the algorithm will skip (line 5) and store the
word in to empty_list (line 6).

4.2.2. Error Detection Component

The error detection components detect whether the individual word is valid or not. This
component contains stem word in dictionary database and affix with rule in another database.
To achieve this component the system performs two main activities. These are dictionary

lookup and apply morphological analyzer.
A. Dictionary lookup

Accept the candidate word from preprocessing component and check whether the word is
found in the dictionary or not. If the word founds in the dictionary, the candidate word will be
marked as valid and no need further process. However, the candidate word not found in the
dictionary, it needs further process on morphological feature. Then pass to morphological

analyzer. Look at the following algorithm to show dictionary lookup.

Input: tokenize words from preprocessing component
Output: correct or incorrect

Read tokenize words
For word in tokenize word

If the word present in the dictionary

Else

1
2
3
4. Return correct
5
6 Return incorrect

Algorithm4. 2 Dictionary lookup

The algorithm search the word from dictionary (linel-3).If the word found in the dictionary.
The word consider as correct word (line 4).But if the word is not found in the dictionary, it
consider as the word is incorrect(line 5-6).The word not found in dictionary, pass to

morphological analyzer for further processing.
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C. Morphological analyzer

The task of morphological analyzer in this study is to accept words from dictionary and
decompose these words in to stem word and affix morphemes. Then send the stem word to
dictionary and the affix morpheme to affix file to check the valid stem word and valid affix.
The researcher develop knowledge base morphological analyzer algorithm based on hunspell

dictionary and affix file format. Look at the following algorithm.

Input: word |_word from dictionary

Output: list of affix and stem words

1. Scan input word from right to left and left to right to look for valid suffix and
prefix
For each valid suffix in |_Word strip them and store result in a buffer
For each valid prefix in I_Word strip them and store result in a buffer
/lpass list of affix and stems to the error detection module
Return stem and affix
/Nf there is no valid suffix and prefix
2. Scan input word from left to right and right to left and then look for a possible
stem
For each valid roots in I_Word strip the root and store result in a buffer

/lpass list of possible stem to the error detection module

Return stem and affix //valid stem and invalid affix

Algorithm4. 3 Algorithm for morphological analyzer [3]

This algorithm makes use of rules stored in the knowledge base to strip a given word into its
stem words and affix. In this process, each individual word have scanned from right to left and
left to right in order to get affix and valid stem. The exact affix stripping is possible only for a
correctly spelled word. In the case of misspelled word, as there is an ambiguity as to whether
the error exists in the stem or affix, only probable affix stripping can be done. To illustrate
how the error detection and morphological analyzer works, consider the unknown word

agkt/she came/. The error detection module first check if ee&&+ is found in the dictionary or
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not. Since it is not found in the dictionary, the system cannot automatically say that it is
misspelled, for it may be inflected or derivate. Then the word passes to the morphological
analyzer. The morphological analysis algorithm will first scan from the right to left and left to
right to search for a valid suffix and prefix. Since /-t/ is a valid suffix in Geez. Now the
System checks the unknown morpheme @&k for its presence in the dictionary. Hence, it is
found in the dictionary. Finally, to determine if the unknown word @At is an acceptable
word, all the rules required to append suffix /-t/will be checked in the affix file. Then, the
system will recognize aeght as a valid word, and no further process is needed. The same

processes have done for a misspelled word.

4.2.3. Error Correction Component

The main function for this component is to provide suggestion for misspelled words. In order
to achieve this component, the system perform morphological generation, suggestion and

ranking.
A. Morphological generation

Morphological generator is the process of rebuilding of decomposed word that come from
error detection module. It is the task of producing the appropriate inflected form of word
according to a given morphological features, first accepts a Pairs of morphemes obtained after
affix stripping in morphological analyzer. Then classify the error in one of the following

classes.
I. Correct stem and correct affix

First, the algorithm scan from left to right and right to left to get stem word and affix. Then the
stem word is searched in the dictionary and affix is searched in morphological features, if both
the stem word and affixes are found in the dictionary and the combination satisfies the rule,

then the word is considered as correct word and no further processing.
Il.  Incorrect stem and correct affix

If the stem word is incorrect, it is difficult to determine the exact affix that match with the
stem word. However, after strip the word, we get a list of possible pairs of stripped stem word
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and valid affix. Then, the valid affix shows a specific category of the probable stem word.
After getting the possible valid affix, then possible stem word is checked for a word match. If
a match found, the possible suggestion are generated for the misspelled word by using the
replacement rule and LED. Rules in the knowledge base and LED techniques had used for

error correction.
I1l. Correct stem and incorrect affix

Similarly, in this combination again the word is scanned form left to right and right to left,
then the word stripped into a stem word and possible affix. If the stem is valid and the affix is
invalid, the valid stem shows a specific category of the possible affix. After that, as mentioned

above use replacement rule and LED to get probable correction.
IV.  Incorrect stem and incorrect affix

For the case of misspelled word that is occur due to the miss combination of invalid stem and
invalid affix, the morphological analyzer tries to split the word into stem and affix, but the
stripped stem word and affix does not exist in the provided class and the word is recognized as
misspelled word. Some nearest word are displayed as suggestions for that misspelled word by
taking nearest stem word and affix that match to this stem word class. Look at the following

algorithm.

Input: morphemes from error detection (morphological features and dictionary) component
Output: list of words for suggestion

1. For each error word given from error detection

2. ldentify stem word class and affix class of the error word
3 If match found

4 Append affix to stem word

5. Generate list of words

6 End if

7. Return list of words

8. End for

Algorithm4. 4 for morphological generator
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D. Provide Ranking and Suggestion

After the morphological generator was done, the next step is providing suggestion for
misspelled word and ranking for the suggestions. Replacement rule and LED are used for
suggestion and ranking. LED is the most efficient and known algorithm for many language to

rank suggestion [3] [26]. For providing suggestion, we have uses maximum suggestion 5 as
the threshold value.
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CHAPTER FIVE
5. Experiment

5.1.0verview

In this chapter, we have discussed how to collect the test data, detailed implementation of
spelling checker and the prototype of the GLSC system. In addition to this, measure the
performance of the GLSC system and discussed the challenge and limitation to implement
GLSC.

5.2.Testing Data Preparation

Geez language does not have electronic error free text for spelling checker and any other NLP
applications. Even though, some of EOTC books available in online and in android mobile
applications. Such as EOTC bible, mezigebe haymanot, Wudasie Maryam, Teamre
Maryam,Sinksar , But this electronic source have expose to error. Especially homophone
alphabet interchangeably error, almost all [4].Due to this fact, we do not use electronic source
to build dictionary. Because of preparing error-free Geez dictionary helps to maximizing the
performance of spelling checker system. As mentioned in chapter 4, build lexicon of the
language from [23] book and identify the morphological feature of each word by linguistics

experts.

To evaluate the system, we have taken 3000 words directly from EOTC bible from online.
After removing repeated word, we got 1318 unique words. The linguistic expert identify the
misspelled words manually, got 185 misspell words. From these misspelled words, the
majority errors are encounter on (substitution, deletion and insertion). Look at the following
table.

Total Number of Cause of error Total number of error | Percentage in (%)

Non word error

Substitution 70 37.8
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185 Deletion 32 17.2

Insertion 26 14.05

Other type 57 30
error(transposition
,split word , combined

word and mixed)

Table5. 1 Result of cause of pattern error

5.3.Prototype of the System

The prototype of the system developed to show how to implement the GLSC system
architecture that presented in Chapter 4. The system developed by using python programming
language. The reason for selecting python as development environment is, python has known
for its efficiency in the implementation of data processing applications and it can be integrate
with hunspell dictionary format. The prototype uses two reference files stored in hunspell

dictionary format (i.e., dictionary of the language and morphological feature (affix and rule)).

The prototype worked by accepting input word from the user. After accepting the word from
the user, tokenize the sentence in word level and remove punctuation marks by preprocessing
module. Then detect the misspelled word. If the word is misspelled, highlight by red color.
Look at the following figure to show the prototype of the system for error detection .
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Geez languge spellchecker

@MHTY d.Reo aoPhA ASmdeiim. ATH DA® TAeoo ()
& hibvl i oo g 1 AOTTE £7°0 Noo £770 4.0 D@+

A @em Ak A (b 210 D Aa 25019 @ANTCHREP ao- A0
g AAd- MHENL AAga- Né-AT hé-Ad heo Add- HEA-D

A @ A0 Tfeon @oodde Ao ood (17164

Figure5. 1 sample example of error detection

Fig 5.1 shows, how Geez language spelling checker system detects the misspelled words. The
user writes Geez text in the provided space and click check button. At that time the system

identify the misspelled word and if misspelled is found shade in red color.
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Geez languge spellchecker

A A, A% DA@ hAvars A
I+ A9 2900 hoo £9°0 14.0 0@+
A DA@. L4014 OANFCALS oo A
G N4AT heAT hoo AT HETD

@ om AN NS Ares oo 340 N

Figure5. 2 sample prototype to rank suggestion
Fig 5.2 shows, how to suggest misspelled word by the system. As mentioned in chapter 2 the
first phase of spelling checker is identify misspelled words and the second phase of spelling

checker is providing suggestion for misspelled word.

After writing a block of text in provided space, click check button. If the word is misspelled
words, highlight in red color. Then in order to get suggestion for misspelled word, Double-
click a highlighted word to select it. Then right click on the selected word to pop the

suggestion .Then choose one candidate correction word.
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5.4.Performance Evaluation

To see the functionality and performance of the system, we conduct an experiment on GLSC
system. Functionality indicates what the GLSC should do (i.e., error detection and error
correction). Performance shows to what extent the functionality of GLSC system achieve the
objective. In this work, we conduct two experiments. The first experiment conducted on error

detection component and the second experiment conducted on error correction component.

5.4.1. Performance of Spelling Error Detection

The experiment has conducted to measure the performance of the GLSC.As we clearly
explain in chapter 4 sub section 4.3.2, the Geez language spelling error detected by error
detection component (dictionary lookup and morphological analyzer). So the first experiment

conducted on spelling error detection to see the performance of error detection component.

As mentioned above in this chapter sub section 5.2, we have collected 1318 unique words
from bible. From these words, linguistics expert identifies 185 words as misspelled words. In
order to evaluate the proposed system, we use the following parameters.

v True positive (TP) indicates valid words recognized by the spelling checker as
valid

v True Negative (TN) indicates invalid words are detected by the spelling checker
as invalid.

v' False Positive (FP) indicates invalid words not detected by the spelling checker as
invalid.

v False negative (FN) indicates valid words not recognized by the spelling checker

as valid

According to this parameter, we can calculate the lexical recall, error recall, lexical precision
and error precision. The total number of correct and incorrect word identified by linguistics
expert is 1133 and 185 respectively. But the GLSC system detected only 155 words from 185
misspelled identify by linguistics expert, 94 correct words detected by GLSC as misspelled
and 30 misspelled words have not detected by GLSC. Look at the following table
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Result

Lexical Error Lexical Error
recall Recall Precision precision Accuracy
1069 155 1069 155
1069 4+ 94 | 155+ 30 | 1069 + 30 | 155+ 94
True
positive(TP) 1069 | =91.9% =83.7% =97.2% =62.2% 90.07%
True
negative(TN) 155
False
negative(FN) 94
False

positive(FP) 30

Table5. 2 Error detection result

As shown in table 5.2 to measure the overall performance (accuracy) of error detection

component, uses the following formula
P= (TP+TN)/(TP+TN+FN+FP )=(1069+155)/(1069+155+94+30)=90.07%

5.4.2. Performance of Spelling Error Correction

The Spelling error corrector component of the proposed system is responsible to provide an
alternative word(s) for misspelled word(s) as we mention in chapter four sub sections 4.3.3.
In this section, we measure how well the spelling checker can suggest corrections for all true
negatives (i.e. incorrect words flagged by the GLSC). To measure the spelling error suggestion
we use suggestion adequacy (SA).SA refers to a spelling checker’s ability to display the end-

user with relevant suggestions for all true negatives.

Although SA often not used to measure spelling checker evaluations, some researchers have
already attempted to express the SA of spelling checkers as a metric [48].

No of correct suggestions flagged for invalid words

SA=

Total No of flagged for invalid words
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Look at the following sample example to show how to calculate SA.

Only correct Suggestion

Invalid word flagged by Total No of suggestion flagged flagged by linguistic
GLSC by GLSC expert

a7t 4 3
AL°IHLAT 1 1
Htam-h 1 1
OtdAm 2 2
0A.07 2 2
AFgt 5 3
avApt 3 3
A 4 4
A& 100 tu- 2 1

Table5. 3 sample example to calculate SA

SA determined by summing all the scores (where S is a score for a suggestion), and dividing it

by the total number (N) of true negatives (Tn):

Table 5.3 shows, the GLSC flagged 155 true negative words. In order to correct them, the
GLSC suggest an alternative word. As we can see from the results, it is impossible to say that
all the words suggested by GLSC are correct words.So we used linguistic expert to identify
which word is correct and which one is in correct. For instance, from table 5.3, the first row
the word “a¥+” is misspelled word. GLSC suggest 4 words for this word. From these
suggestion, only 3 are (NA7F/beente:(1t/beneteil(l-F/bebiete) COrrect suggestions and one is
("r1/binte) incorrect word .There for We use SA to measure the extent to which spelling

correction of performance is achieved and got correct suggestion 87.5%.

5.5.Result and Discussion

The experimental results show value of lexical recall 91.9%, error recall 83.7%, lexical
precision 97.2%, error precision 62.2% and correct suggestions provided by GLSC 87.5%.
The overall performance of the system is 90.05%. This shows that the GLSC system perform
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well in flagging words as valid/invalid and suggestion. However, needs some improvement to
increase the performance of both  error detection and suggestion generation. We have
identified some of the reason that reduces the performance of the GLSC system. The first
reason that out of vocabulary problem. As researcher knowledge, there is no readymade
dictionary for Geez language so far. Due to this reason, our dictionary not contains all Geez
words. Additionally, the testing data randomly have taken from bible. In this case, some of
personal name and place name may include in testing data. For example, the word ®ac/qisar
and ®&:P0/gierenewos are spiritually recognizable names. However, The GLSC detect as an
error. For this reason, some of recognizable personal names or place names flagged as invalid.
Therefore, increase the size of the dictionary will increase the performance of the GLSC

system.

The second reasons are affix rule mismatching. Geez verb inflected and derivate based on
their root verb as mentioned in chapter 2 section 2.1.3.But some verb are follow exceptional
rules. For example the root verb ¢+a(he killed), to indicates future time add prefix & at the
first and the last two character change in to agq(sadis)(six order). There for it will be
e+ t+i(he will kill).so the Geez word found under root verb ¢t+aA follow the same rule. For
example, 10¢/nebereiT1/negere? dotd/fetele follows this rule. The word -+(he examine) also
found in the root verb <¢+a. However, it follows exceptional rule to inflect and derivate. To
indicate future time add the prefix ¢ instead of &. There for it will be ¢4t (he will
examine).if we add ¢ at the prefix of the word A+ we will get invalid (edtt).There for

developed well organized affix rule increase the performance of GLSC.

5.6.Challenge and Limitation

The first challenge we face is Geez have complex morphology and some word follow
exceptional rule. For example to inflect the verb ¢+a/qetele/ to show the subject ‘I’ as the
doer of the action, we change the last alphabet to a€n /sadis and add prefix h/ku to get
++ab(1 killed).Most words follow the same rule of changing the order of their last alphabet to
agq /sadis and add prefix n/ku. However, there is an exception for verbs ending in <, 1, h.

For example, applying the same derivation to the verbs ‘aATove’/atimeqe/, “1217/hedege’,
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“inh/neseke’ results in ‘Atardhy’, 1290, “ihhhe’ respectively. These are invalid words. These
and other exceptions in Geez language make the system flagged invalid word as correct and

valid word as incorrect.

The second challenge we faced is, lack of error free corpus to build lexicon of the language.

Manually reviewing the collected Geez data from book is very tiring and time-consuming task.

67



CHAPTER SIX
6. Conclusion and Recommendation

6.1 Conclusion

Spelling checker is an NLP application, used to detect misspelled word(s) in a sentence or a
paragraph and provide an alternative for misspelled word(s). The spelling checker is language
dependent. (i.e., a spelling checker for one language cannot work for another language). There
are different techniques of for spelling error detection and correction. For error detection,
dictionary lookup and N-gram analysis are common techniques. Rule-based, N-gram,
similarity key, edit distance, neural network, probabilistic and noisy channel are some of the

techniques used to provide suggestions.

In this research, the researcher applied morphology-based approach for the implementation of
Geez spelling checker, particularly to detect and correct non-word error. The error was
detected using dictionary lookup and morphological analyzer and corrected by using
replacement rule and LED. We adopt the Hunspell dictionary and affix file format to design a
lexicon (i.e. the knowledge base component) and hashing algorithm for searching. Hunspell is
an open source spelling checker tool. It has designed especially for languages that have
complex morphology. Hunspell needs two files. These files are dictionary and morphological
feature (affix) with defined rule. The dictionary saved as Geez.dic and morphological feature
(affix) saved as Geez.aff. A dictionary built from 6115 words, and 955 rules have defined

from affix file.

The developed GLSC was implemented using python programming language. A user can
provide a block of text by typing in space provided. Finally, testing has carried out in order to
prove the spelling checker system using sample data of Geez language words collected from
bible. To measure the performance  of the system, we have used information retrieval
evaluation metrics of recall and precision for error detection and suggestion adequacy for
suggestion. For testing, 1318 unique words randomly have taken from bible to conduct

experiment.

68



From the conducted experiment, we got the result of lexical recall 91.9%, error recall 83.7%,

lexical precision 97.2%, error precision 62.2% and correct suggestions provided by GLSC

87.5%. The overall performance of the system is 90.05%.

Generally, we concluded that the performance of the Geez spelling checker is well with some

limitations. Increase the size of the dictionary and develop well organized rule will increase

the overall performance of the GLSC system.

Contribution of this study

This study has the following contribution: -

v This experimental study shows that a morphology-based approach for spelling error

detection and correction for the Geez Language with an experimental performance
result of 90.05% overall error detection and 87.5% error suggestion is a good candidate
for development of spelling checker for the language.

This study shows the lexicon and affix of Geez language for error detection and
correction

We developed a system that detects error words for Geez language

We developed a system that provides a list of words a suggestion for correcting

misspelled words for Geez language

6.2. Recommendation

We would like to recommend the following key points for further research that helps to

improve the performance and include some functionality.

In this study, we tried to solve Non-word error in Geez language, one can extend it to
work on spelling checker that can detect and correct real-word errors by considering
Semitics and grammar of the language to make spelling checker system more
interactive.

One of the challenges we faced in this thesis was finding standard corpus and free from

homophone alphabet error of Geez language. Some of the corpus that found in online
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faced for homophone error. For instance instead of chaeC write vaeC or -jaoC is an error.
Therefore, future study may need to give attention to the development of standard
Geez language corpus that can motivate the researchers to work on any NLP
application not only on spelling checker application and minimize time to collect
corpus in order to evaluate their system performance by the researchers.

e We develop morphology-based spelling checker for Geez language in limited
dictionary and test in limited data. In order to increase the performance of the system,
one can increase the size of dictionary and develop well organize rule

e For future research will by including part of speech tagging to overcome the real word
error detection and correction problems will increase the performance of the system.

e Integrating the full GLSC with word processor and search engine is a future research.
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Appendix A: Geez Alphabet and Number

Seven order

E

Six order

@

Fifth order

g
=

#

Lo
fur

e |
e

e
o

Fourth order

a

10

=g

9

100 | 10,000

o=

8

o=

b=l

6 |7

70 (80 | 90

Second order | Third order

[od

=ag

=4

=

=

First order

@

£

2 |3 4|5

1=

20130405060

i3

Adapted from [5] with little modification
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Appendix B: Sample Affix file Rule in Hun spell
#prefix

PFXei Y 5
PFXei 0 A
PFXei 0 HA
PFXei 0 oHA.
PFXei 0 QHA.
PFXei 0 @A,
PEXYsY 8
PFXYs 0 g
PFXYs 0 +
PFXYs 0 &
PFXYs 0 He
PFXYs 0 &gt
PFXYs 0 &t
PFXYs 0 &g
PFXYs 0
PFXbzY 4
PFXbz 0 qn
PFXbz 0 Hn

PFXbz 0 an
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PFXbz 0 Ha

PFXWBY 7

PFEXWB 0 on

PFX WB

PFEX'WB

PEX'WB

PFEX'WB

PFX WB

PFX WB

#suffix

SEX piY 8

SFX pi
SFX pi
SFX pi
SFX pi
SFX pi
SFX pi
SFX pi

SFX pi

SFXLiY 10

SFXLi a

0

h°

DA,

Pao-

U
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SFX Li

SFX Li

SFEX Li

SFEX Li

SFX Li

SFX Li

SFX Li

SFEX Li

SFEX Li

#infix

O (1%

A {814

A tlpav-

A U7

O Ahar-

O (8 (N

O Ah

A (8¢

A Y]

PEXINY 11

PFX IN

PFX IN

PFXIN

PFXIN

PFXIN

PFX IN

PFXIN

PFXIN

PFXIN

PFXIN

ho +ho

P Ao

hw  hw

nz e

Lav  Lav-

an N

b0 AFA

T A

n A

AP RGP

ho

hw

n&

Lav

(H

éh

+a

0

AP
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PFXIN &%

PFXtsY 6

PFXts &

PEX ts

PEX ts

PFXts

PFXts

PFXts

a7

a7

T7

0

£

ARG

Ach

AR

Xk

¥4

0.

L9

&7

&ch

a7

a7

T7

0n

£
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Appendix C: Sample Corpus

APPRD-e0 104 ARIHLAT ALAQ hCOPA OAPCE HFADA OFdAm ATIPUCT OTh  AOHAMC
HAPLA® 11 (A4, 1001V~ DI GEU- PG4T (AT OAS HTOAL @avZh hIPHCO APTF 00 (A
ML OACAL e DAL AMHANMC Onk (1A ONPT(+ P&O hav +7728 havF7 A L0-0 hCata
AMLAT HOvk 2011 &0 hPCE hae GATPLav AhHA Qg hae A7tav<y, @hH, hrher: @9 (AL
hcartn:

O+ X057 OORrT 77719 a0

Altdear A DAQ. (lchd, % &R 10 ARTILANNC O15-L10- OPSGALY- AT Ahao D29 hIHAhC
At OAHAT ALAO NCAPO APLI° ARTPF AATTLANNC AL OO (AT trAhar: Ahee +aI°0 T
Yoo thav: @t e GAT° OATHANAC 1710 HLPU- AdPAh Qtd av72.00 ONTIPUCT DAS. hap
AnhZhar (1R4=F HAL. OANAA hor GwChi AMANMC (14,99 AIPRA "1(LhaP: xaP hGPL: @hap
FCh 200~ AP P40 OATHH hav @42 1h d-0hae Aaae A0Chae: A9 PPANL:

(A7t Achb aPIPUET DR OREPL: Ochk FhIP4 h1P1 hoP HAd. hdP& hI°RA ~iLhav OLAAYY
Al 8AH @AAIPL (1 hoe AChA OH?  AdAhaP hoe NADA AchHAL ONAGA ALTLL @NASA hPAL
OAMATL OAANGTL AQaP A AA APPYC  DF9, 4.8:4L h&chd Ahap AR vl 9% hI°PUChav-
ANGP A PIEC PV OTL ANGP 2N AAIHANMC Ok Atdea? AA PAIPE (E AALUSE PS71P
OARLTIPL £56-P Ok PATCA, K&P AMANNC OCTO- ANaP PALPaD AR PhTCE (k (1AL hOoP
N0~ 20 X hG AT Pchfx

OXrF oPweT HRPZH AdA PTRY

ORaZTH Pwet AULANMC AIPNTIS AdA T A-0A > Th @019 hA AXLP OLAPLTP (1990 Pav-
ANT? AATPC KA NRC Dt O ILPer OACK? ANMANGC AdOLFPI  OHALOTCA. holLA(dC
APPETLT GAT° & H00P (G Tk NI ONARIPC OhevH 2 TATRC "184 @aPAh-k HAGAI® hee A 2ch(l
AP RTH PAIPCP ARHANMAC AR hoe AHAONC HahDetP OONLP HATONA HAOD-P OLtt(r
105> OTRAA ANe> OXTH £4.P% LA A0S 009P OAmM- Achku- ARTIHANNC HALIPD-F
OATPAA CA? AN aPPE LOf Ohee ZANA DD WPt ONae AWdPF OOAYHH Ahae @-18%av- oo
PCHH(r Chhor AAPar 1900 A0 Ot LORP ARLP AMHANNC OATAN OFOAbA T0C
@ 1£P AEMé e HOHE h9PAN (4-h A%\ GAI° A787 ONATFH OV ZHAdC aPPwe+ AP
OATOVELPIy, 18D &PLPT @ TaPAA (HALNT &7F7  Oh - 4LRWPary 18T AvELPar- @14
(& tofar: O1M0A (NLSTPaP AN AdA NAO  -1PICaP 114 OOk F/{PIP ORI(A BOP0P 4,0
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Chnao. @ONa® A I0LP ALIHANNC OANeP NT0- ACMLANACL OUGP A0 ANL hee &0 H 7
HA LA AH hov 7k ZTHOY ik 40P OANL D2 OFOUNt OXTHNT PoAT hTII°LT PFALT PhAD-L7
ao(y+avR,677 Wk heL1 A1 D0H hT18L7 PPN T Pt (107 O0-C7 Hivd7 0AD-LT7 hAD-L7
AARLT KA 22T K87 OHTFYT OaPOTS2707 ARNE OANNTD: ot WTH AN PP PATPS. D10~
ARMLANNC e LLAL 1 AHTNE H7F havH Ab Ohetrpor- HETOCP 98 LBANP LANAP::

10 ANA C7%

OA7F HEOOH (L2 030 AgPchf@+ NP7 AdPhe?r 2P (0 A7F Hhe HFOH NAOA Q6L A0 Adh
TG Hhe HFRAAR 1A0A (L&D At CAGD H90H Adoe AALh FI0C  hee &P Tr1s0- ARTIHLA(hC
HPaPZh avPwet AdA AA 2104 H7F hovd 1A Al 030 haPchf@« AHTE Ak D 710 Jraop~p
AP0 ARIHLANRC 00 AAD F1NC AN HE90H 0AdA 0L OHTRAAA FtrduiNr F0rF0N&
ARIANAC Pk OO E OONAY Lok Addh hae PPhlE ARTIHLANAC NP £1CC 1N Tk
OOk OAPNT 3270 A0 OATE0A THIN A PPwet Ahoe BORhN 150~ AATLANRC  AhoP
ik 4.0 Altde hor 9904 (7 &k ANOLT::

(W7t +02787 O

OARAQ TP NFPI0C WG, DL 172w NIl OA(cht @<kl SU-0a> @D+ HAGAI® DARAG hch& L7
OGAD-) X LP MAvEPCPY 0aP] §R/IPaD: avPwET MaPyF OP*TG O19C D40 A1FA T AA
HARS 909104 havy, ALU-AP DAY, K1 hC OO(lcht OAAP At HwGL P04 havy, ALU-AP
DALY, AP hWOIP A LN ACIHANNC A2 AlA AQGP [FoP AA 4.L84.L AI°Phl A1PaP- 4.&4.L hIPchl
13Pav Oftdear A& HAINA ch?l ANAPa> HAYA kel T slPav-:

X7t AQ 24.P4 £&LE NKXICP APANTT

'+ (AZICEL PG LALE (1P AMHANNC AL GAhav 228 d AdhHAL AN AANTP* Mh LWCO-
feav 1 (o AW OR114 HOh1aP  ULL ch?l AIH &ch& Okl @Ot AOIP {FP)OCav
OLCAhNMI AP DEPAPaP DPIP4 hav AN HeAlx OHLEOP( AP AMHANEC AOAA ATPHLD-
HY 1\ OHR N @0k ANar- e aoyCe (APE ALGO0 hCAPO::

(X7 HANOL £72UC DANY- ALTMC

OO0 A7t ALURE HTOCTF Nhsth OFHL0h (AHANNC OTAIPC 6.9E& DTLAT HELLN OIPU-C
ATt Kt OFHhaPT e }rt a0Char \ODLT ONCYTI ARG O-(r ZATPT DA PP AA(S7T
@avgPYCav A\chiGT OTHILAN AP OFAIPC 1 hét (HTALP DA ATh HATBUC CAOh HANOEL:

81



FIUC AOCE TNAP OAAD TACP AFHIPA. N OAAD FHaP OFh@-C 0 AWt NAL MOt
OANN TOACP L PO O FTnh (AT OAAN 0ARY AhST AATMHANRC:

OArE ha £0C%- AdA e AeTLANDC

OS5y~ (ATERhIP 20C% Achil AOA AP ACILA(NAC (ONo? & THLTHO TOP0h Al 10Ch  AéT
DAaP( A INCHh AT THE TN POt Tho-th ®ARIPA W7H BAG A7 @0PNh  Adt P ALt THt
+ho-1h::
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Appendix D: Sample Suggestion

invalid word flagged by GLSC Total No of suggestion by GLSC
art
ARCILAY
A0
Htam-h

O T4.Nm
N7
AFgot
avAn+
TH.

N&& 0.8t
DA G-

aN

o1av 4. (-
Abavy,
Ve

72715 av-
hnTie
hhA
-Ahav-
(Y

avd N
HO\E.é.
tC
O%7tH
AOhLAhl,
otvke
AchH(lL
A9™LC
EL4L
078N
erood
oav\nk:
onav
a-vtu-

A MANhC
T0A

A (1av-

P PNEFEP ODNPFEFDNNPEPE OWOPRFRP OWOEFEPEDNMNMNMNNMNNMNNODNMNPORPRPPEPEDNNPEROWONMDNNDE WOPRFR D>

Only correct Suggestion

P P NEFEP WONOMNDNRPEP WE WEPMNMNMNNNMNENONPOFRPPEPNPEPRRWOWOEANMNNNMNERPEP®

a3



myavo- 1 1

NNALRS P 2 2

CRANav- 1 1

Al 4 4

nz 4 2

HA 2 2

Al 3 1

b 1 1

ONOY 2 2

FaH 2 2

h N 5 5

0n 3 3

Ccvan 1 1

o1agh 2 2

MIAST 3 2

QAN 3 3

1. 3 3

O90C 5 5

haop 7t 3 3

AL 5 5
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