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A bstract 

Developing language applications or localization of software ;s a resource intensive task Ihal 

requires the active participation of stakeholders with various backgrounds (i.e. from lingllislic 

and campl/llI/iollal perspecli\'e~~. With a cons/ani increase in /he amou1Ifs of electronic 

information and the diverJ'ily of languages which are used to produce them, these challenges get 

compounded. Various researches ;n the fields of computotionollinguis/ics and computer science 

have been carried oul while slill many more are on Iheir way 10 alleviate such problems. Spell 

checker is one pOlential candidate 10 this. Use 0/ compUlers for document preparation is one of 

those many ,asks undertaken by different organizations. Introducing texts /0 word processing 

tools may result in spelling errors. Hence, texl processing applica/ion software has !>pell 

checkers. Inlegraling spell checker in/o word processors reduces Ihe amount of time alld energy 

lpentto find and correct/he misl-peJ/ed lYord. However, these lools are not ami/able for A/aan 

Oromo language, Lowland East Cushitic sub-family of the Afro-asialic s/lper·phylum language 

family spoken in Elhiopia. In Ihis thesis, we describe the design ami implementation 0/ A/aWl 

Oromo spell checker. 

Morphology ba~ed (i.e. dictionary look-up with morphological rule!>) compulational model was 

employed to design and develop A/aan Oromo Spell Checker (AOSq. Algorithms Ihat take Ihe 

morphological properties of Afaan Oromo into consideration are developed/rom scratch and 

applied, as there are no previous such allemplS. The proposed system was evaluated using Iwo 

datasets 0/ different size. The experiment result shows thai the lexicon size and nIles in the 

knowledge base play a vital role to recognize the valid input word, flag Ihe invalid word and 

generate correct suggestion/or Ihe misspelled word. 

In general, the algorilhms and techniques used in this study oblained good performance when 

compared to the other resource-rich languages like English The re.fUlt obtained encourages the 

IIndertaking of further research in the area, especially wilh the aim of developing afllll-fledged 

A/aan Oromo spell checker. 

Keywords: SpeJ/ checker, Error deleclion, Error correction, Morphology, Natural Language, 

Natural language processing, Afaan Oromo 
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Chapter One: Introduction 

1.1. Background 

Natural Language is any of the languages naturally used by humans, i.e. not an artificia l or man· 

made language such as a programming language [ I]. Natural language processing (NLP) is a any 

attempts to use computers to process natural language. NLP is a subfield of art ificia l intelligence 

and lingu istics. It studies the problems of automated generat ion and understanding of natura l 

hu man languages. The major fields of interest in NLPs arc speech recognit ion, speech synthesis, 

machine translation, text categorization, nalural language understanding, spe ll checker and the 

like. 

A spe ll checker is an application program that flags words in a document that are not spe lled 

correct ly and suggests possible alternatives. A spell checker is a tool that enables us to check the 

spe lli ngs of the words in a text file, va lidates them Le. checks whether they are rightly or 

wrongly spelled and in case the spell checker has doubts about the spe lling of the word, suggests 

possib le alternatives. Spell checkers are the basic tools needed fo r word process ing and 

document preparation. Spe ll checker may be stand·a lone capable of operating on a block of text, 

or as part of a larger application, such as a word processor, email client, electronic dictionary, ur 

scarch engine [2]. 

The spell checking process can generally be divided into three steps: detecting errors, finding 

correction and ranking correction. 'Error detection' is to veri fy the validity of a word in the 

language while 'Error correction' is to suggest corrections for the misspelled word . Rank ing is 

the ordering of suggested correct ions in decreasing order of their likelihood fo r being actua l 

intended word. Spelling error correct ion can be of two types: interactive, and automatic. In 

interactive correction, the spell checker can suggest more than one correction for each error and 

the uscr has to select one fo r re placement (e.g. the spe ll checker in Microsoft Office Word). In 

au tomat ic correction. the spell checker has to decide on the one best correct ion and the error is 

automatica lly rep laced with it (e.g. the spe ll checker in Google search engine). Automatic error 

correction is the requirement for those speech processing and NLP related systems where human 

intervention is not poss ible [10]. 

Des ign and Implementation of Afaan Oromo Spell Ch«ker Page 1 
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Before errors can be corrected they have to be identi fied and classified. A proper classification is 

important in order to know which kind of errors occur. Once this is known it can help to identify 

methods which are able to correct them. According to Kukich [8], errors are divided into two 

classes: non-word (or iso lated word) and rcal-word (context sensitive) errors. A non-word error 

occurs if the original word is not contained in thc dictionary (e.g. typing hie instead of/he). A 

rca l-word error occurs if the original word is correctly spe lled but incorrect ly used (e.g. typing 

peace of paper instead of piece of paper;. 

Problem of automatic spell check ing is not new in the areas of Information Retrieval and 

Language process ing. The research started as early as I 960s [7]. Many different techniques for 

detection and correction of spelling errors were proposed over the last 53 years: dict ionary­

lookup, n-gram analysis, Soundex, Noisy Channel equation and the like. Some of these 

techniques exploit genera l spelling errors trends while others use the phonetics of misspclled 

word to find likely correct words. Scveral researches have been done for the languages like 

English, Arabic, Chinese and few researches have been done fo r Amharic language, but none fo r 

A faan Oro mo. 

Afaan Oromo (when translated it means Oromo Language) is one of the major African 

languages that is widely spoken and used in most parts of Ethiopia and some parts of other 

neighbor countr ies like Kenya and Somalia [61]. Currently, it is an ofliciallanguage ofOromia 

regional state. It is used by Oroma people, who are the largest ethnic group in Ethiopia, wh ich 

amounts to 34.5% of the total population [9]. 

1.2. Motivation 

One of the inevitable act iv ities of any government or private office worker is to edit documents 

he or she or someone else has written. Spe lling and typing errors are abundant in human 

generated electronic text. Computers have considerably minimized this activity since they 

automatically detect and correct spe lling as well as grammatical mistakes. Thanks to this, office 

workers not only save cons iderable amount of time and money but they have also started 

producing relat ively beller documents. A spell checker has a vast app licat ion, such as Internet 

search improvement [3, 4]. correction of errors caused by Optical Character Recognition (OCR) 

[5, 61, tools for text editors, and preprocessors for NLP applications. These facts show that spe ll 

Ocsign and Implementation of Afaan Oromo Spell C hecker Page 2 
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checker is the bas ic and relevant component for the development of most of NLP related 

applications. With the aforementioned facts and a view of having electronic spell checker fo r the 

language, we are mot ivated to do research on developing Afaan Oromo spell checker (AOSC). 

1.3. Statement of the problem 

Spell checker was developed for languages like Maltese [II , 121. Eng lish [13, 14, 15], Chinese 

[16] . Japanese [17, 18], Arabic [19], and Thai [20] . As far as the knowledge of the researcher 

goes, Afaan Oromo does not have a spell checker system so far . A number of commercial and 

non~commercial spe ll checkers and correctors, such as the o nes embedded in Microsoft OOice 

Word, Unix SPELL, and other variant s, have been extensively studied. However, their 

techniques of spe ll checking are sti ll limited in their scope to a few languages. For example, 

Microso ft OOice Word detects a ll Afaan Oromo words as spe lling error and it tries to give a 

false suggestion based on the English dictionary. Since anyo ne who needs to process Afaan 

Oromo using Microso ft Word uses English as the defau lt language, every word that is written is 

underlined with red co lor, which makes it diOicult to differentiate words which arc wrongly 

spelled (as shown in Figure I . I ). 

~aa beelladaa Gadinichaa beeksise . Hajii kunuunsa qabeenya 

wal gabatee gannaan bultoonni bal'inaan harsiisa kanniisaa 

fEtY.adamoo ta 'aa akka jiran kan !!!! ~jjira Misooma 

I I 

Laggasaa Ifakkat,!! gonn!!!! bul!Q.Q.Q.n1 god inichaa aanaalee 

jiraatan kumn i 24 barana gaagura ammavvaa. aadaa fi ~!!!!!~ 
dammaa kuntaala kuma 795 01 gabaaf dh iheessuun galii birrii 

Figure 1.1: Snapshot of 

Design and Implementation of Afaan Dromo Spell Checke r 

19~or. All 

6<1<1100;(110,,"1')' 

"')IIoCo"",' 

Lan_II' 

~.I""'g." 

loo~Up._ 

Page 3 



. I 

II 

I 'I 

Since Afaan Oroma language is used in offices, schoo ls and other media, huge amount of 

electronic data is produced each day. Thus, the development of spcll checker applications for this 

language is requ ired for cas ing document preparat ion task. 

1.4. Objectives 

1.4.1. General Objective 

The general objective ofthis research work is to develop a spell checker for Afaan Dromo. 

1.4.2. Specific Objectives 

The spec ific objectives of lhc research work will be to: 

• Study and analyLC the language speci fic behaviors of Afaan Oromo, 

.. Study the specific trends of spelling errors in Afaan Oroma text document, 

.. Identi fy and adopt one orlhc appropriate approaches to develop a spell checker, 

.. Select and customize a spe ll checker algorithm for usc with Afaan Droma language, 

.. Design Afaan Oromo spe ll checker, 

• Develop a prototype to evaluate the performance of the designed spell checker and the 

deve loped a lgorithms, 

• Eva luate the performance of the deve loped system with different datasets. 

1.5. Scope of the Study 

There are different types of spe lling errors that a spe ll checker system can be designed to 

recognize, detect and correct. Our study focuses on the detection and correct ion of non·word 

errors. Therefore, our research doesn' t address real·word spelling errors. 

1.6. Methodology 

To achieve the objectives o f the research, we employed a number of methods (techniques). Some 

of them are discussed be low. 

1.6.1. Data Collection 

Afaan Oromo does not have publ icly available an notated corpus text fo r any NlP task including 

spell checker. As a result, we co llected an e lectronic text from two state owned news papers: 

"BarN.wa" and "Kallacha Oromiyaa" and from the web. Words co llected from these articles are 

Design a nd Implementation of Afaan Oromo Spt!1I Checker Page 4 



, 'I 

" 
II 

II 

" 

-

listed down a lphabetically and then their possible inflection and derivation were studied. An 

affix ana lysis was employed to reduce the size of the dictionary. The goal of affix analys is is to 

reduce an inflected and derivated word down to its root word and affix. Finally. corpus of s ize 

more than 4, 000 was deve loped. Accordingly, we prepared a test corpus a rsile around 13,8 11 

words. Since the class ification o f root word is nceded for the morphological generation part of 

our spe ll checker, we did additional work 10 manually classify the collected root words into 

different parts of speech (POS). 

1.6.2. Literature Review 

Different literatures that are considered to be relevant for the research were reviewed and 

adopted for our work. Almost all of these are recent research areas and arc extensively 

researched particularly in languages such as Eng lish, Indian Languages, and others. How the 

Hunspell spe ll checker [79] works will be studied to understand the way in which spell checking 

can be performed . Afaan Dromo word formation rules, spe lling error pattern and related works 

were reviewed to properly design and deve lop the desired algorithm. In addition, a discussion 

was made with Afaan Dromo Lingu istic experts regarding the linguistic nature of the language 

like word format ion rules, and the grammat ical structure. 

1.6.3. Development Environment and Tools 

Windows operating system is selected as a deve lopment env iron ment due to its popu larity. 

Accordingly, Microsoft Visual C# programming language was se lected. 

1.6.4. Prototype Development 

A prototype will be developed in order to measu re the performance of the deve loped system. 

1.6.5. Conducting Experiments 

After the prototype will be developed, it wi ll be tested and eva luated with different test datasets. 

The performances obtained throughout the conducted experiments will be given in three 

evaluation metrics: Lexical recall, Error recall and Precision. 

1.7. Application of Results 

As outli ned in Section 1.2, spell checker is useful in many areas o fNLP. The beneficiaries of the 

result s of Ihis st udy include, anyone who wants to process Afaan Dromo document and 

Design and Implementation of Afaan Oromo S~II Checker PageS 
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researchers involved (or want to be involved) in increasing computers capabi lity of process ing 

Afaan Oromo Language. The study could also be used: 

• As a component fo r higher forms o fNLP, such as machine translation, grammar checker, 

information sto rage and retrieval o f textual data, automat ic speech recognit ion, OCR, ctc . 

• For learn ing and teaching Afaan Oromo 

1.8. Organization of the Thesis 

The rest orthe thesis is organized as fo llows. Chapter 2 discusses literature review on d ifferent 

issues in deve loping a spell checker. In this chapter, types o f spelling errors, issues re lated with 

spe ll checker, and the different techniques and approaches to deve lop spe ll checker arc 

discussed . Chapter 3 is devoted to discuss related works done for different languages. Chapter 4 

specifics the morphological properties of Afaan Oromo. Many language spec ific issues such as 

the writing system, word fo rmation process like innections, derivat ions and compou nd ing have 

been extens ive ly presented. Chapter 5 discusses design requirements and architectural design o f 

AOSC. This chapter also detai ls root word classification issues. algorithms and implementation 

o f ru les. Finally. the implementation of the prototype o f AOSC is discussed. Chapter 6 is 

devoted to the evaluation o f the system. Chapter 7 concludes the thesis by out lining the benefits 

obtained from the research work and lim itat ions of the system. It also shows some research 

directions and recommendat ions that can be accomp lished in developing a fu ll-fledged AOSC. 

Design and Implementation of Araan Oromo Spell C hecker Page 6 
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Chapter Two: Literature Review 

2.1. Introduction 

A spe ll checker is a tool that enables us to check the spe llings of the words in a text file , 

validates them i.e. checks whether they arc rightly o r wrongly spe lled and in case the spell 

checker has doubts about the spelling of the word, suggests possible a lternat ives. The two core 

functiona lities provided by a spe ll checker are: spe lling error detection and spelling error 

correct ion. 'Error Detection' is to verify the validity of a word in the language whi le ' Error 

Correction' is to suggest corrections for the misspelled word. 

This chapter presents a review of the concepts that arc important fo r obtaining basic 

understanding o f the ideas on the research area. The review aims at forwarding fundamenta l 

points for the design and implementation ofa spell checkcr. It includes review o f spc ll checking 

techniques. It a lso reviews and d iscusses the different types of spe lling crrors, issues related with 

spell checker, and the like. 

2.2. Types of Spelling Errors 

Until recently, most of the spe lling correction techniques were designed on the bas is ofspc lling 

errors trends (also ca lled error patterns) and many studies were performed to analyze the types 

and the trends of spelling errors. Most famous among them arc the studies performed by 

Damerau [7] and Peterson [21]. The majority of the early research done in the area o f spell 

checking was based on these studies. According to these studies spelling errors are gencrally 

divid ed into two types, typographic crrors and cognitive erro rs. 

2.2.1. Typographic errors 

Typographic errors occur when writer knows the correct spelling of the word but mistypes the 

word by mistake. These erro rs are most ly re lated to the keyboard and therefore do not follow 

linguistic criteria. A study by Damerau [7J shows that 80% of the typographic errors fall into one 

of the fo llowing four categories: 

I . Single letter insertion, e.g. typing anama for nama 

2. Single letter de letion, e.g. typing nma for nama 

3. Single letter substitution, c.g. typing noma fo r nama 
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4. Transposition oftwo adjacent letters, c.g. typing aoma for nama 

The results of a study by Peterson [21] arc shown in Table 2.1, which confirms the above 

categories. The data sources were Webster's Dict ionary (WO) and Government Print ing Office 

(GPO) documents retyped by co llege students. 

Table 2.1 : Comparison of Typographic errors 
GPO WD 

Transpos ition 4 (2.6%) 47 ( 13. 1%) 

Insertion 29 ( 18.7%) 73 (20.3%) 

Delelion 49 (31.6%) 124 (34.4%) 

Substitution 62 (40 .0%) 97 (26.9%) 

Tota l 144 (92.9%) 34 1 (94.7%) 

The rows in Table 2.1 corrcslxmd to the four basic types of crrors; the columns correspond to the 

two sources of data. For each data source, the number and percentage of each type of errors is 

given. The last row contai ns lotal number and percentage of sing le errors. The most common o f 

these typograph ic errors is the substitution error (as shown in 4th row of Table 2. 1). Substitution 

error is mainly caused by rep lacement o fa letter by some other letter whose key on the keyboard 

is adjacent to the originally intended letter's key. A study by Kukich [8] showed that 58% of the 

errors invo lved adjacent typewriter keys. lnscrt ion errors can occur due to a doub le press ing ofa 

key or by acc identally hitting two adjacent keys whilc trying to hit one of them. According to 

Damerau [7] deletion and transposition errors usua lly occur when the eyes move faster than the 

hand. 

2.2.2. Cognitive errors 

Cogniti ve errors (a\so called orthograph ic errors) occu r when a writer does not know or has 

fo rgotten the correct spelling of a word. It is assumed that in the case of cognit ive errors, the 

pronunciation of misspelled word is the same or sim ilar to the pronunciation of intended correct 

word. For instance, typing " midagduu" as "midhagduu" 'beautiful' . 

From the alx>ve discussion on types of spelling mistakes, it is evident that there is a reasonable 

likelihood of both typographic and cognitive errors to occur in a given document. 
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2.3. Implementation aspect or a Spell Checker 

A spe ll checker is comprised of mainly two modules, a lexicon (or dictionary) and a bunch of 

a lgorithms or techniques that use this lexicon fo r spell checking. These techniques generall y 

provide three types of funclionalities: 

I. Lexicon lookup, i.e. error detection 

2. Finding approximate matches in the ]c."icon, i.e. Error correction 

3. Ranking of correct ions. 

Some spell checkers use same tcchnique to provide all three functiona litics in one slep, while 

others usc different techniques for each functiona lit y. Lexicon lookup techniques arc generally 

dependent on the structure of the lexicon, whi le the des ign of storage structure is sometimes 

governed by the choice made for error correction tcchnique. Therefore, techniques for the above 

ment ioned functionalities are highly dependent on each other and on the structure of the lexicon. 

2.4. Issues related with Spell Checker 

There are several issues to be addressed in the design of spell checker systems. The first issue 

concerns the error patterns generated by different text generat ing media such as typewriter and 

computer keyboard, typesetting and machine printing, OCR system, speech recognizer output, 

and of course, handwriting. Usually, the error pattern issue of each media concerns the relative 

abundance of insertion, deletion, substitution and transposition error, run-on and split word erro r 

etc. The knowledge about error pattern is necessary to model an effic ient spe ll checker. Another 

important issue is the computerized dictionary which concerns the size of dictionary, the problem 

of innect ion and creati ve morphology, the d ict ionary file structure, dictionary partitioning, wo rd 

access techniques and so on. 

2.5. Isolated-Word error Detection 

A string of characters separated by spaces o r punctuation marks may be called a candidate word. 

A candidate word is a valid word if it has a meaning, e lse it is a non-word. The two main 

techniques that have been explored for non-word errors detection are n-gram ana lysis and 

dictionary lookup. 
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2.5.1. Dictionary Lookup Method 

A dictionary lookup method fo r non-word errors detection initially appears to be a s imple matter 

of looking up each word in a word-list or lexicon and flagging those that are not found in Ihc list 

as potentia l misspe ll ings [36]. However, this is not as straight forward as it seems at first. The 

two main cha llcnges of this approach arc: a lexicon containing all correct words cou ld be 

extremely large, resulting in a need of more space and inefficiency searching lime, and fo r 

morpholog ica lly complex languages, it is practica lly imposs ible to list a ll correct words. Hence, 

instead of storing the word as it is in the lexicon, some sort of rules can be applied to reduce a 

given word into its root word [37J. This can be done by storing on ly root words in the lex icon 

including prefix and suffix information. Then, rules can be app lied on the root words of the 

lexicon by using prefix and suffix informat ion to generate derived words. To use a dictionary 

lookup technique, we need to be carefu l on the lexicon size and usage of efficient look up 

algorithm. The most significant dictionary lookup teChniques are hashing, binary search trees, 

and fin ite-state automata. 

Hashing 

As discussed in (38, 39, 40] hashi ng is a well-known and effic ient lookup strategy. The basic 

idea of hashi ng re lies on some efficient computat ion carried out an input string to detect where a 

matching entry can be found. More speci fically, hashing is a technique used for searching an 

input string in a pre-compiled hash tab le via a key or a hash address associated with the word, 

and retrieving the word stored at that particula r address. If collisions occu rred during the 

construction of lhe table, a hash function tends to produce identical or similar hash addresses; the 

lookup process will be slower as a result. 

In the spell checker context, irthe word stored at the hash address is the same as the input string, 

there is a match. However, if the input word and the retrieved word are not the same or the word 

stored at the hash address is nu ll, the input word is indicated as a misspelling. The random-access 

nature of hash tables e liminates the large number of comparisons required fo r look ups. Thus, it is 

a faster searching technique compared to sequent ial search or even tree-based search, especia ll y 

for searching in a large data representation. The drawback of a hash table is that without a good 

function, it wou ld require a big hash table in order to avoid collisions. Hash tables provide 0(1) 
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constant lookup time on average. In the worst-case scenario, hashing requi res the lime 

comp lexity o fO(m), where rn is the number of words in a d ictionary o r corpus. 

Consider a hash table B (0, n) (i.e. a bit array o fn e lements ranging from 0 to 0-1) for spelling 

checker that has n bits which arc in itially set to 0, and a word list W 10, r) that contains a SCI of r 

word. LeI Wj EW,j=O ... (r-l) be the j"1 word in the word list. Assume that n>r. Each word wJ is 

hashed by k different hash functions hi. where j: ) ... k. For each word Wj and each hash function 

hp (where p= I. .. k). the bit Blhp(wJ)J is set to 1. Figure 2. 1 describes how the bit vector is 

initialized, and Figu re 2.2 shows how bit veclor is checked to sec if a g iven word is correct ly 

spelled using a hash function. The first loop in Figure 2. 1 initializes the hash table B to zero. The 

next loop enters hashed information about each word list into the table. Essentially, it uses the k 

hash functions to compute k integers to serve as k indices into table B. At each index of table B, 

the table's va lue is selto I . 

------------------------------- -------------------------I 
Function SpellHash (B, W, n) 
Start 

B: =0; 
For w e W 

Do 
For i e \l , k) 

B[h,(w»): 1 
Return 

End • L _ _______________________________ ___________ ____________ I 

Figure 2.1: Algorithm to initialize a bit vcctor B 

----- ------------------- ----- ---------------------------. 
Function Spell Lookup (8, w) 
Start 

End 

For ie \I , k) 
Do 
If B[hi(W»): 0 

Return false 
If B[h,(w)): 1 break 

Return true 
L _________ ___ _____ ____ __ __ ____ _ ______________ _________ --

Figure 2.2: Look up Algorithm 
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As depicted in Figure 2.2, to check if a word or an affixpstrippcd word x is in W, we need to 

check whether all Blhp(x») are set to I fo r p= l ... k. Ifa ll hp(x) bils arc sci 10 1, we assume that x 

is in Wand the algorithm returns true. Ifnot , x is reported as a misspelling and fa lse is returned. 

Binary sea rch .rees 

Binary search trees, particularly median split trees (MSTs). have been used for dictionary lookup 

and subsequently, for spe ll check ing [41] . Binary search is use ful for checking if a particu lar 

string exists in a large set ofslrings, i.e. the choscn dict ionary. A median sp lit tree is a modified 

frequcncy·ordered binary search tree. The main goal of a median split tree is access to high· 

frequency words faster than to low-frequency words without sacrificing efficiency ofopcrations, 

such as word lookup, insert, and delete. MSTs are essentia lly binary search trees where each 

node o f a split tree contains a node value and a split value [4 1]. A node value is a maximally 

frequent key values in that su b tree. A split value partitions the remaining keys between the left 

and right sub trees in a lex ica l order, which is to say that it is the lexical med ian of a node's 

descendants. Hence, the tree is perfect ly balanced. 

MSTs are data structures for Sloring dictionaries, lexicons or corpora with highly skewed 

distr ibut ions. This is to say that, they are particu larly usefu l for efficient ly finding words when 

the underlying frequency distribution of the occurrence of these words is highly skewed. A 

MSTs is constructed from a set of keys, linear order of the keys according to the ir frequencies of 

occurrence in the input while as the lex ica l ordering is a strict linear order on the keys' 

representation. Thus, the cost of lookup is determined by both the frequency distribut ion and the 

lex ica l ordering of the keys. The bu ild time is O(nlogn), where n is the number of strings. MSTs 

require log(n) searches to locate the looked up word within a set of n st rings. It is also 

significant ly more efficient compared to the lookup lime ofa linear search technique on a large 

data representation, although it is genera lly slower compared to the lookup time of hashing (41]. 

Finile Siale Au tomala 

Finite State Automata (FSA) as presented in (43, 44], have been used as a basis for string­

matching or dictionary-lookup algorithms that locate elements of a dictionary within an input 

texl. FSA is used to represent a language which is defined to be a set of strings, each string being 

a sequence of symbols from some alphabet. Cons ider an FSA that is required to represent any 
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string in the language U·(w), where U is a finite alphabet of symbols, and w is some word 

consisting ofi symbols in U (i.e. lwl-O. The language is thus any string of symbols from U that 

has w as a suffix. Such an FSA, FSA (w) = (Q. qo, A, T) can be defined as follows: 

• Q is the set of all states corresponding to the prefix of w. Thus, Q can be represented as 

{e . w [01. w [0 .. . 11 ..... w[0 .. c-21. w} 

• qo - E is the start stale 

• In general, A is the set of accepting stOICS where A ~ Q. In this particular case, A:c: {w} 

• T is the transition function which maps a slate and an input symbol to another stale. 

Let q e Q, where q is a prefix o f wand lei C E U, where c is a character in the alphabet. 

Then (q. c, qc) E T ifand only irqc is also a prefix ofw. Otherwise, (q, c, s) e T. where s 

is the longest suffix of qc that is also a prefix of qe that is also a prefix of w. 

Such an FSA would only terminate in the final state if the last i symbols of the input of n 

symbo ls (n 2:: i) constituted the word w. The state transition function can be visua lly represented 

by the we ll-known state transit ion diagrams. If the transition function is stored as a table. then 

the search time is O(n). 

2.5.2. N-gram analysis 

N-grams are n-Iener sub sequences ofwords or strings where n usua ll y is one, two or three. One 

letter n-grams are referred to as unigrams or monograms; two letter n-grams are referred to as bi­

grams and three letter n- grams as Irigrams. An example ofa bi-gram analysis of the word mallu 

' house' wou ld give the 2-gram set (rna, ao, oa }. N-gram ana lysis uses a large corpus o f text 

from the desired language by generating a character n-gram from the list [26]. Using thi s 

technique, strings that contain unusua l n-grams can be identified as possible spe lling errors. 

According to Kukich [8], n-gram ana lysis technique is very useful for detecting errors occurred 

in machine-generated texts such as texts generated by OCR. Its ma in advantage is that it works 

without a lexicon. However, for human generated errors, most spell checkers rely on dictionary 

lookup for error detection, and some applications use a hybrid of these two methods. 
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2.6. Spelling Error Correction 

Spelling error correct ion can be of two types: Isolated· Word error correct ion, and Context -based 

error correct ion. In Iso lated-Word crror correction, a misspelled word is analyzed in iso lation 

without giving any cons ideration to its context; therefore the corrections are based only on the 

misspelled word itsel( In Context-based error correction the context of error is also taken into 

cons ideration for suggesting and ranking corrections. The second approach is particularly useful 

for correct ing real-word errors. Early work in the area of spell checking was more focused on 

iso lated-word error correction, but with the passage of time, the number of such applications 

increased where auto-correction was a requirement, for example in applications like text to 

speech synthesis systems, and Machine Translation systems. In the next subsections non·word 

spe lling error correction techniques will be discussed. 

2.6.1. Isolated-Word Error Correction 

In the last 53 years, many different techniques have been invented for isolated word error 

correct ion. A good many of these techniques have been successfu lly implemcnted and arc being 

used in different applications, but none of them has yet been succeeded in achieving near 100% 

accuracy without human invo lvement. Most of the earlier works used rule based, that means 

error patterns were used for finding corrections. In the recent works, probahil istic models are 

used for error correction which instead of subjective ly making use of error patterns, use the 

erroneous data to automatically train the model according to the error patterns present in training 

data [23, 24] . Genera lly, Iso lated Word Error Correction techniques can be divided into thc 

following subcategories: 

I. Edit distance techniques 

2. N·Grams based techniques 

3. Phonetics based techniques 

4. Noisy Channel mode l 

5. Rule based 

2.6.1.1. Edit Distance Techniques 

According to Kukich [8], the most studied spelling correction algorithms are the ones ca lculating 

edit distances between the misspelled word and words in the dictionary. Ed it distance is Ihe 

number of simple edit operations required to transform one string to another. The different 
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operations a llowed are subst itut ion of a letter, deletion of a leuer, insert ion of a leiter, and 

transpos ition of two adjacent letters. The less the ed it distance between two strings is, the more 

similar are the strings to each other. 

a. Damerau's Single Errors Technique 

As discussed in Section 2.2.1 , research by Damerau [7] showed that 80010 of spelling errors 

belong to onc of the four classes of single errors: single letter insertion, single letter deletion, 

s ingle letter substitution, and transposition of two adjacent letters. On the basis of this 

observation, he proposed a single error spe lling correction technique. He generated a ll those 

words for a misspelling from which the misspelled word could be derived by applying any of the 

four error operations mentioned above. This means that if the length o f a misspe lled word is n 

and the num ber of a lphabets in the language is m then there will be n possible deletions, (n· l) 

transpos itions, (m·l)n substitutions and m(n+l) insertions. Thus a total of(2m+l) n+m· 1 words 

will be generated. For Eng lish and Afaan Oromo this number becomes 53n+25. 

Once the words are generated they are tested against dictionary for being correct words in the 

language. In order to increase the effic iency of this correctness test, an optimization was 

proposed and implemented by the designers of a Swedish spe ll checker STA V A [25]. Prior to 

dictionary look up, they tested the words using n·grams tab les. These tables contain all those 

character sequences of length N that are allowed in the language. If a word contains a sequence 

that is not a llowed in the language, the word is rejected without consulting the dict ionary. In this 

techniq ue the candidate words cannot be ranked as most or least like ly correct ions. The 

suggestions are a ll on the same level. 

b. Levenshtein Distance 

The Levenshtein distance technique, like Damerau's single spelling error technique, measures 

the distance between two character strings in terms of insert ion, deletion, substitution and 

transposition, but it is comparatively more generic because it a llows mult iple errors. These 

algorithms a llow mu ltiple errors and use the Damerau·Levenshtein metric to ca lculate the 

similarity between two words x and y. This way, all entries in the dict ionary can be ranked after 

their proximity to the query word. The metric is, according to Pfeifer et a!. [26], given by: 
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d(a, 0)= 0 /1 the distance between the same character 

dei, j)~ min[d(i- I ,j) + I , dei, j- I) + 1, d (i-I j-I) + «x,. yj),d(i-2, j-2)+ « x" y,.,)+ I J (2.1) 

The function d g ives the mini mum edit distance between the two words x and y, o r in other 

words, the minimum number ored it operations required to transform x to y. If the length ofx is 

lxi , and the length ofy is Iyl . then the min imum edit distance between x and y can be expressed 

as d (lxl. Iyl). XI denotes the itb letter of the word X. The function c is defined as: 

(2.2) 

The fi rst express io n in the min function in Equation 2. 1 regards insertio n, the second omiss ion, 

the third substitution, and the last transposition. The Damcrau-Levenshtein metric is most 

commonly calcu lated using dynamic programming (DP). Wagner and Fischer's algorithm [271 is 

o ne of the best known, a llowing the edit operat ions insert ion, substitution, and o miss io n. It was 

later extended by Lawrence and Wagner [28] to also include transposition. The t ime complexity 

for ca lculating the ed it d istance between two words 1 and y wit h their DP approach is O (lxlIYl). A 

zero-indexed matrix wit h d imensions (lxl+ l) )( (lyl+ l ) is used. The matrix is fi lled according to 

Equation 2.1 e ither o ne co lumn or one row at a time. The matrix element at (Ixl. Iyl) gives the 

minimum edit distance between the two words x and y. Table 2.2 shows an example dynamic 

programming matrix for calculating the edit distance between the two names Filips and 

Phillips. The distance is in the lower right hand comer of the matrix, i.e. 3. 

Table 2.2: Edit distance between Filips and Phillips using DP 

€ P H I I L 1 P S 

€ 0 I 2 3 4 5 6 7 8 

F I I 2 3 4 5 6 7 8 

I 2 2 2 2 3 4 5 6 7 

L 3 3 3 3 2 3 4 5 6 

L 4 4 4 3 3 3 3 4 5 

P 5 4 5 4 4 4 4 3 4 

S 6 5 5 5 5 5 5 4 3 
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In genera l, the whole dictionary has to be processed in order to find the possible matches to a 

word, which makes matching rather slow. 

2.6.1.2. N-gram similarity measure 

It was based on the principle that the morc n-grams they share (i.e. the candidate word and the 

erroneous word) the more simi lar they arc. In a method given by Pfeifer (26] a similarity 

coefficient 5 can be calculated by dividing the number of common n-grams of the two strings by 

the total num ber of n-grams in the two strings. Bigrams are most commonly used, along with 

leading and tailing blank. This addition of blanks result in assignment of extra importance to start 

and end of the word, as the starting and cnding leiter will individually form bigrams. 

N-gram techniques do not show good performance on short words. For example, when using 

trigrams, words of length three wi ll share no trigram with themselves just after int roduction of a 

single error. To overcome this drawback, n-grams of different lengths are used fo r words of 

different lengths. For very short words of length three or less, unigrams are used. A study done 

by Freund et aL [33] shows that n-gram similarity measure works best for insertion and deletion 

errors, we ll for substitut ion errors, but very poor for transposition errors. 

2.6.1.3. Phonetics Based Techniques 

These techniques work based on the phonetics of the misspeJted string. The target is to find such 

a word in a dictionary that is phonetically closest to the misspelling. 

8. Soundex 

Soundex was the first phonetic string-matching algorithm developed by Ode ll and Russe ll [34]. 

It was originally developed to match names. The idea was to assign common codes to similar 

sounding names. The length of the code is four and it is of the fo rm leiter, digit,digit and digit. 

First letter of the code is same as the first letter of the word. For each subsequent consonant of 

the word, a digit is concatenated at the end of the code. All vowels and duplicate letters are 

ignored. The letters h, wand yare also ignored. If the code reaches the maximum length, ext ra 

characters are ignored . If the length of the code is less than 4, zeros are concatenated at the end. 

Digits assigned to the different letters for English are shown in Table 2.3. 
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Table 2 3 - So undes: codes . . 
I b, f. P. v 

2 c, g.j, k, q, s, X, z 

3 d, t 

4 L 

5 m, n 

6 R 

For example, Soundex code for Chala is C400 and fo r Chaltu is C430. Thi s Soundcx algo rithm 

was actually des igned fo r names; therefore its performance for spe ll-checking is nol very good. 

A study by Stanier et al.[29] shows that even for name searching one fourth oCthe relevant words 

go undetected and o nly one third o f the detected words are actually re levant. The large size o f 

group 2 in Table 2.3 might be a reason for th is poor performance. Soundcx was refined for use in 

spelling correct ion. The major change was the breakdown of group 2 in Table 2.3 into sma ller 

groups. Refined Soundex code is shown in Table 2.4. 

Table 2 4' Refined Soundex code .. 
I b,p 

2 f,v 

3 c, k, S 

4 g,j 

5 q. x, z 

6 d, t 

7 L 

8 m, n 

9 R 

The Soundex algorithm had many problems. First, it gives no importance to the sounds produced 

by letter groups, for example, sounds produced by ch and sh in English. Second, it retains first 

letter ofthe word. Ifan error occurs at word-initially the Soundex will not be able to correct it. 
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Different studies show that chances of an error at first position of word are very small. Peterson 

[35] tried to so lve these prob lems by designing many variants of Sound ex using different length 

codes, mult iple codes for same word and overlapp ing groups of alphabet. Those letters, which 

could prod uce morc than one sound, for example c and g, were included in more than one group. 

As a result mult iple codes can be generated for same word. This increased the accuracy of 

Soundex. 

b. Phonix 

Phonix is a Soundex variant. Like Soundcx, it assigns codes to letters bu t prior to code 

generation, string is standardized by app lying some letter group's substitut ions. This process is 

also ca lled N-gram subst itution [22]. About 160 letter group transformations are used. For 

instance, the sequence Ich is mapped to ch, and ph is mapped to f. In some imp lementations, 

different transformation ru les are written for some letter group in different posit ions [30]. Table 

2.5 shows phonix codes. 

Table 2 5' Phoni x codes .. 
I b, P 

2 c, g, j, k, q 

3 d, , 

4 L 

5 m, " 

6 R 

7 f,v 

8 s, x, z 

c. Editex 

Editex is a combination of edit distance technique and ietler grouping property of Sound ex and 

Phonix [31]. Editex forms overlapping groups of letters. To compute edit distance for Editex, 0 is 

added to edit distance if the corresponding leners of two strings are simi lar; 1 is added if thcy 

belong to the same 'Editex.group' and 2 otherwise. This approach assigns smaller edit distance 

value to phonetics based substitution edits as compared to any arbitrary substitut ion. Lener 

groups of Edit ex are shown in Table 2.6. 
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Table 2.6: Edilex Lefler's group 

b, p 

2 c, k,q 

3 d, t 

4 I, r 

5 m, n 

6 g, j 

7 f, p, v 

8 s, x, z 

9 c, s, z 

2.6.1.4. Noisy Channel Model 

All the techniq ues discussed above rely on some sort of distance or simi larity measure 10 find 

c losest match. A drawback of using such measures is that certain important facto rs which affect 

the error patterns are ignored . Since spelling error trends depend on many different factors and 

these similarity measures make use of at most one (or sometimes none) of them. These measures 

become biased or insufficient. For example, phonetics based techniques give no weight to 

keyboard adjacencies. According to the Soundex code, "find" cannOI be a candidate correction 

for "gind". because they have different codes, although there is a significant chance that f is 

substituted by g due to keyboard adjacency. 

Another more generic and perhaps more appropriate way of do ing this is to construct a 

probabil istic error model which can be tra ined for different languages and domains thus 

automatically sett ing its parameters. This is called 'Noisy Channel Mode l' of error correct ion 

[32). The idea behind this name comes from considering the phenomenon of making spelling 

mistakes as the process of sending text through a noisy communication channel, which 

introduces errors in the text. Our task is to finJ the most probable transmitted word (correct 

dictionary word) for a rece ived erroneous string. If the behavior of the noisy channel is properly 

mode led, a correct guess can be made of actual intended word by decoding the error pattern. The 

mode l assigns a pro bab il ity to each correct dict ionary word fo r being a possible correction ofthe 
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misspe lling. The word with highest probability is considered the closest match (or the actual 

intended word). The genera l model of No isy channel equation is shown in Figure 2.3. 

nOiSY~~1 
word.; Ell 

NOISY CIIANIIIL 

Figure 2.3: Noisy Channel Model 

guess a 
origina 
word 

This way of identifying the actual form from an observed or surface form is ca lled Bayesian 

classification. As stated by Jurafsky et at. [1] the problem is fo rmally stated as follows: Let D be 

a dictionary and Wi be any word in D, for a misspelled string sED, our task is to find such weD 

fo r which P(wls) is maximum. Hence, 

(2.3) 

Applying Bayes' ru le we can rewrite this probability expression as: 

P(wls) ; (P(slw)P(w)) / P(s) ( 2.4) 

Since we are maximizing P(wls) over all dictionary words for OU f single observation string s, we 

can ignore pes), as it will remain constant during single correction process. Hence, to maximize 

P(wls) we have to maximize only P(slw)P(w). The ftrst of these terms P(sJw) is the probabi lity 

of typing string s when word w was intended. This probability is ca lled a posteriori probabi lity 

or channel model. pew) is the probability that a writer will type w from among all the dictionary 

words. It is called source model or language model. According to Kernighan [32], this technique 

does not deal with multiple errors. 

2.6.1.5. Rule-Based Techniques 

Rule-based techniques attempt to represent knowledge of common spelling error pauerns in the 

fo rm of various rules for how to transform a misspelled word into a valid onc [59). It does not 

require a stored lex icon for correcting spelling errors. 
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Chapter Three: Related Work 

In writing text, it is desi rable to produce a document that is free from grammattca l 3nd spell ing 

errors, perhaps as a way to reneet the inte lligence of the author or the care with which the 

document was written. Indeed, one of the earliest papers on spe lling correction was published in 

1962 [45]. Since then, spelling correction systems have become more pervasive. typica lly a 

featu re of modern text editors. This Chapter provides a number of researches thai incorporate the 

techniques described in Chapter 2 for finding spe lling errors and suggesting corrections. 

3.1. Spell Checker for Indian languages 

There are many spell checkers deve loped fo r Indian languages using different techniques. This 

sect ion provides brief discuss ion of some ava ilable spell checkers fo r Indian languages. 

3.1.1. Spell Checker for Punjabi 

Punjabi is the mother tongue of more than 1 JO million people of Pakistan (66 mill ion), India (44 

mill io n) and many millions in America, Canada and Europe [46]. Punjabi is written in Gu rmukh i 

script. Design and implementation of spell checker for GumlUkhi·SUDHAAR was developed by 

Rupinderdeep Kaur and Parteek Bhatia at Thapar University, Patiala (46]. There are two 

different applications in the system. The first application creates the dictionary, which is 

executed once to create the dictionary. The second application is designed for spell check ing of 

Punjabi text where user gives the input Punjab; text and the system dctects the errors by lookin g 

up for that word in the dictionary and provides the suggestions for those errors. Then the user can 

select the suggestion from the list and make changes accordingly. 

They created a corpus of around one million words, which contains unique Punjabi correct 

words, which will act as the dictionary for the spell checker. A dictionary look up technique is 

used for error detection, which checks each word of input text fo r its presence in the dictionary. 

If the word is in the dictionary, then it is a correct word otherwise it is put into the list of error 

words. In order to provide correct suggestions for errors in any Punjab; text, they perfonned 

error pattern ana lysis. First, they identi fy commonly encountered Punjabi typing and spelling 

errors like insertion error, delet ion error, substitution error, transpos it ion error, run-on error, and 

split word error. Then they used minimum ed it distance techn ique for generating and ranking the 

Design and Implementation of Afaan Oromo Spell Checker Page 22 



'1 

I I II I 

'. 
I I I 

I I ~ IIII~ 

\ 
I 

I 

I~ 

suggestions. Finally, they have tested the system by first giving the inpul from a well known 

Punjabi newspaper where their system has given zero errors because lhat texl was already tested 

fo r its correctness. Then they intentionally made hundred errors in the same text and when that 

lext is given as an input, it showed approximate ly 80 errors. It showed the correct word in 

suggest ion list fo r approximately 70 words out of 80 that shows the accu racy of 85% for error 

correction and 80% for error detection. 

3.1.2. Malayalam Spell Checker 

It is a sub system that can be executed with Microsoft word as a macro or as the Ma laya larn 

editor, deve loped by Tiruvananth Puram, to check the spe lling of words in a Ma layalam text file 

[47]. While running as a macro in a word, it functions as an omine spell checker in the sense that 

one can use this software with the previously typed text file on ly. Both amine and online 

checking are poss ible when it is integrated with the lext editor. II generates suggest ion fo r 

wrongly spe lled words. The system is based on a dictionary look up approach . In order to red uce 

the size of dictionary they on ly store the root word. Morpho logical analyzer developed by other 

researchers was integrated into the new system. This module splits the input words into root 

word, suffixes, post positions etc. The error detection module checks the validity of each word 

using the ru le database, and finally it checks the dictionary to find whether the root word is 

present in the dictionary. If anything goes wrong in the checking it is detected as an error and the 

error word is reprocessed to get 3 up to 4 valid words which are displayed as a suggestion. 

3.1.3. Spell Checker for Kann_d_ 

In their work Murthy et a l. [37J designed and implemented a non·word Kannada spe ll checker 

using a morphological analyzer and dictionary lookup method. In order to build spell checker for 

Kannada they identified that, one would require a powerful dictionary for reference in the word 

error detection and suggestions prediction phases. Creating a dictionary having all the words of 

the language is a laborious task considering the large variation of affix combinations in Kannada. 

To handle this prob lem. they used a morphological ana lyzer and a dictionary of only the rOOI 

words. Further, they divided the dict ionary into twenty seven sub·dictionaries each having 

related words and mapp ing to a particu lar paradigm table. The div ision or grouping is done based 

on a set of rules. 
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A paradigm table is a set ofsuflixes that creales inflections fo r all the words ora sub-diclionnry 

of root words. There arc also twenty seven parad igm tab les having one-to-one correspondence 

wit h sub-dict ionaries of the roots. Initially. the input word is searched in the root trie, if the input 

word does not exist in the dictionary as a root word, then the algorithm will employ a 

morphological analyzer to strip all the suffixes and get the root word. The root word is searched 

in the selected dictionar ies once again. If the search is unsuccessful then the error is reported. 

They used Levenshtein edit distance to generate suggestions for all types a rnon-word errors. To 

improve the searching efficiency they used a trie data structure. A trie is a data structure that 

stores the information about the contents of each node in the path from the rOOI to the node, 

rather than the node itse lf. The too l has been tested extensive ly for various test cases. The tool is 

fou nd to provide correct results for both single word and also for a block of text. Test cases were 

designed to cover all types of errors. 

3.2. Spell Checker for Arabic 

Arabic is considered as one of the oldest languages in the world, and it is ranked fifth in the 

world [48]. Unlike Engl ish and other languages, Arabic text is oriented right to left wit hout the 

use of capita l letters. In add it ion, Arabic differs from other languages syntactica lly, 

morpholog ica lly, and semantica lly which makes it one of the most difficu lt languages for written 

and spoken language process ing [49]. Spell checkers fo r Arabic languages have been deve loped 

by a number of researchers at different limes using different techniques. Among such efforts, it is 

wort h considering the works of Hasan Muaid i and Rasha AI-Tarawneh [48]. 

Their spe ll checker is based on n-gram scores. For this purpose, they built eleven matrices to 

present the combination between the Arabic leners word, with the assumpt ion that the longest 

valid word in Arabic language has 12 letters. Each matrix concerns in the connection between a 

2-grams letters. Each cell in the generated matrix is assigned an integer va lue 2, 1 or O. The ce ll 

is assigned the value 2 if the word is ended by these two letters and assigned I if there is a 

connection and the word is not over yet, and is ass igned 0 otherwise. On the other hand 

S h" fi d done by extracting each pair of letters in the word then carc mg process or any war was 

" " h d' value is zero Then the spell checker exammes the value fo r each pair when t e correspon 109 . 
. . . ' 11 heck if it is ass igned with I (which Will consider the test word as wrong, otherwise rt W I C 
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indicates that there is a connect ion), and it will continued until it reach the value of 2, to 

determine that the word is correct. 

Finally, they used corpus of around 101,987 word types to train and test the proposed spe ll . 

checker. The main purpose of their test is to determine the number of correctly spelled words 

accepted by the system. To test the performance of the proposed system, they ca lculated 

accuracy using the success rate measure (SR). This measure is calcu lated as SR _ (CwfN).IOO%, 

where Cw is the number of valid words that arc accepted correctly, and N is the size o f the 

testing dataset. The proposed spe ll checker system accuracy was 99.7% using the training 

dataset. Wh ile the accuracy orthe proposed system reached 40.4% using the testing dataset. The 

above discuss ion clar ifies that the accuracy mainly depends on the number of words in the 

corpus, i.e. to increase the accuracy of the proposed spe ll checker; the number of words should 

be increased. The evaluat ions of the works have also shown that the system recognizes many of 

incorrect words as correct words. 

3.3. Spell Checker for Filipino 

Filipino is the nat ional language of the Philippines. A spell checker for Filipino (Spe/lCheF) was 

developed by Cheng et a l. [50]. The researchers used a hybrid approach in detecting and 

correcting misspelled words in a document. Their approach was composed of a dictionary. 

look up, n·gram analysis, Soundex and character distance measurements. SpellChcF is composed 

of three modules, name ly, the lexicon builder, the detector and the corrector. These three 

modu les used both manual-formulated and learned rules to carry out their tasks. 

The system was tested using three different documents. The lest resu lts showed Ihat the lexicon 

builder was ab le to correctly categorize words based on lhe spe lling rules used. The detector 

modu le had an overall error rate of7% in identifying misspe ll ings. The corrcctor module had a 

94% accuracy rate in generating word suggestions. The resuhs also showed Ihat using Ihe 

Soundex code, more suggest ions were generated compared to the use of n·gram analysis. 

3.4. Spell Checker for English 

Eng liSh is one of the well researched languages in the area of natural language process ing. 

Spe ll ing checker systems for English were developed by many researchers and now tlley are 
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integrated w ith so many search engines and commercia l software like Microso ft Office Word 

and Office.org in UNIX operating system. This setlion discusses few of them. 

3.4.1. SPELL 

The UNIX® spell checker SPELL [51] was originally written by S. C. Johnson in 1979 nnd was 

subsequently re-written several times. It takes an input file and breaks the file content into words. 

These words are sorted in alphabetical order and duplicates arc discarded. The sorted words arc 

then compared to a dictionary. Words that are not found in the dictionary arc nagged and 

reported. As Bentley [52] pointed OUI, in Mcilroy's version of SPELL, a superior word list was 

used instead of a s imple desk dictionary. This word list was built and compiled from various 

sources, such as the Brown Corpus and Webmaster's New Internationa l Dictionary of the 

English language. This word list contains 75,000 words. An affix analysis was employed 10 

reduce the size of the dictionary. The goa l of affix analysis is to reduce an in flcctl.'d word down 

to its word stems. The affix analys is reduced the original 75.000 list to a 30,000 word list . The 

lookup process starts by affix stripping the word being searched fo r, and the word itsel f and the 

stem arc looked up in the stop list. If a match is fo und, a stop flag is auached to it The word is 

also looked up in the original word list. If the word has a stop fl ag, it is assumed to be correct ifit 

also appears in the original word list . Words that neither occur among, nor arc derivable from (by 

applying affix analys is) words in the word list are output as misspell ing. The SPELL had an 

overall error recall rate of 100% in identify ing misspe llings. SPELL only addresses the spe lling 

error detection problem. 

3.4.2. CORRECT 

CORRECT was devised by Kernighan, Church and Ga le [53) and further research was carr ied 

out by Church and Gale [54]. The CORRECT program combined a lookup in the word list and 

probabi list ic techniques for correcting single-error misspe llings. CORRECf is designed to take a 

list of lower-case words rejected by the UNIX" SPELL program, generate candidate corrections 

for these misspe lled words, and sort these cand idates by their probabilities. In CORRECT, it is 

assumed that a misspelled word is the resuh of a single error. Moreover, CORRECf assumes 

that such single spe lling errors occur with particular probabilities. For instance, it may be more 

likely that "ed" is derived from a transposition of "de" rather than from a substitution of "ad". 
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In seeking a candidate correction that differs from the input (i.c. misspelled word) by a single 

spelling error transformation, CORRECf searthes a particular word list This list was composed 

from various sources, such as word list in SPELL and corpus collected from various sources. The 

lists o f suggested words arc ranked by probability scores using a no is), chan nel model and 

Bayes' rulc [55]. Thus, in order to score the candidate corrections, the probability of occurrence 

of the suggested word is mu lt ip lied by the probabi lity of occurrence o f the speci fi c error by 

which the suggested word differs from the misspelled word 153]. The li mitat ion ofCORRECf is 

that it only addresses the spe ll correcting problem; the spe ll checking problem was taken care o f 

by the SPELL program. 

3.5. Spell Checker for Chinese 

As stated by Li et a t [56] there arc significant differences between Chinese and English. Chinese 

does no t have evident word boundaries, such as a white space character, as in Eng lish. The 

Chinese character set contains more than 6,700 characters. Thus, before any analys is can be 

performed on a Chinese text, it must be segmented inlo words. ClnsunSpcll which was 

developed in 2002 is a more recent Chinese-spec ific spell check ing and correcting system [57j. It 

achieves spell check ing and spelling correction in two different processes. For spe ll checking. 

character Irigrams within a fi xed-size window arc used 10 locate the misspelled words in a 

specific area . This process red uces memory consumption as the Chincse character SCI is 

relative ly large. Edit distance techniques are adopted by ClnsunSpcll for spell correcting in o rder 

to obta in the information of word construction in a scI. ClnsunSpcl1 thus achieves the spell 

correcting task by co mparing task by combining the language model construction process 

(app lying Bayes' rule, minimum edit d istance techniquc, and the weight distribution ca lculation). 

The suggestions are output in descending order according to the possibi lities of these candidates. 

The corpus to train the word tri-gram language model is about 200M bytes. The systcm was 

tested using a text that contains 535 errors. They have obtained 56% lexical reca ll and 64% erro r 

recall. 

3.6. Spell Checker for Amharic 

Amharic is the working language of the Federal Government of Ethiopia and some regional 

governments of the country. Getaneh W. developed Hunspe ll based Uninnccted Typographic 

Amharic spe ll checker [60). The researcher used the model ofHunspcl1 as a solution for Amharic 
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spe lling errors detection and correctK>n. In his work, Getanch fi rst generates typographic errors 

for Amharic language, and then se lects a posit ion to start the error generat ion randomly. To do 

this, a module ass igned for error generation purpose generates 200 errors for each transposition, 

insertion, substitution, and delet ion error types randomly. For the purpose of comparison, the 

correct word for the generated misspelled words is stored in the file . By doing Ihis, 800 errors arc 

generated for the testing purpose with the corresponding correct words. 

In the implementation part of this work, the Hunspell was modified by removing Hungarian 

languages specific function ca lls, capitalization checking removal, and truncat ion of affixation 

rules. In addition, a new word list was generated rrom the 13,740 word list to avo id inflected 

wo rds rrom the list. 

Latcr, Shewangizaw [59] designed and implemented a spell checker fo r Amharic that works on 

inflected Amharic words. In his work, the researcher studied spelling error trends and 

morphological variants of words in Amharic text. This spell checker has the following 

components: Input component, Normalization Component, Error Detection Component, 

Morphologica l Analyzer Component, Error Correct ion and Suggestion Component. An input 

component takes an input from a file or another system and creates tokens which are separated 

by Amharic punctuation mark~ and space character. Then it passes the input word to the 

normalization component for further processing. 

The normalization component is responsible for accepting words from the input component and 

changing Amharic characters having different representation but same pronunciation to n 

common alphabets (to alleviate syllographic redundancy problem).The Error detection 

component is responsible for whether the input word is misspelled or not. The Error detection 

component works first by look ing at the input word in the lexicon. When the input word exists in 

the lexicon, the spell checker does nothing. Otherwise, if this component returns ' not exist', the 

misspelled word will be sent to the morphological analyzer component fo r further processing. 

The error correction and suggest ion component inputs a word from the error detection 

component, searches all the possib le list of corrections from the lexicon as a suggestion, and 

ranks this list of words. There are different methods for error correct ion and suggestion as it was 
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discussed in chapter two. In his work, Shewangizaw has used Levcnshtcin edit distance for both 

corrccting and rank ing the suggestion. 

Finally. they eva luated the system wit h two sets of data. The first sct of data was a randomly 

selected news papers. The second sct of data was randomly selccted va lid and misspelled words. 

Using the first dataset containing 88 1 va lid Amharic words, 658 were accepled as valid . The rest 

223 words were flagged as misspelled words by the spell checker. Out of these 223 flagged 

words, 175 words arc due to the absence of roo! words in Ihc lexicon, whereas thc remaining 48 

words have root words in thc lexicon but Ihc spelling checker did not recognize thc inflection 

rules. They have obtained 74.7% and 94.7% lex ical recall with first and seco nd test dataset 

respectively. 

3.7. Summary 

In this Chapter we presented a number of spell checker works by focusing on si,\: languages: 

English, Indian, Arabic, Chinese, Amharic, and Fi lipino. While reViewing, we focused on the 

techniques (i .e. approaches), corpus size used and perfo rmance of those works. The genera l 

working principle of all spell checkers are almost the same. Main ly, spe ll ing error detection, 

list ing suggestion and ranking suggestions arc incorporated in the architecture of every spe ll 

checker. Differences are usually observed in spelling error detection phases. For instancc. 

morphologica[ ana lys is is being incorporated in a spell checker that is des igned for 

morpholog ica lly rich languages. The evaluat ions of the work shows that, systcms based on 

morpholog ica[ analysis with dietionary~ lookup approach obtained beller perfo rmancc than those 

systems that are done based on normal dictionary lookup techn iq ues. [t also reduces the 

dictionary size significantly, since it stores only the rool words. The evaluat ion of the work also 

shows that us ing n-gram analys is requires a very large corpus to train the system or to calculate 

the probability of each n-gram. Also it may recognize misspe lled word as a correct onc. Taking 

what we obtained from the review of the re lated work and the morphological properties of the 

Afaan Oromo language. we propose a so lution to spell check Afann Oromo words. The proposed 

solution was a morphology based (i.e. a dictionary k>ok-up and morphologica l rules) spe ll 

checker. 
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Chapter Four: Afaan Oromo 

4.1. Introduction 

Araan Oromo belongs to the Lowland East Cushilic sub·family of the Afro-asiat ic super-phylum. 

Among the Cushitic language fam ilies to which it be longs, Afnnn Oromo ranks IirS( by Ihe 

number of its speakers [61]. The indigenous speakers arc uninterruptedly distributed from 

Southern Tigray in the North to Northern Kenya in the South, and from Harar in the Easl to 

Gidaamii in the West (62]. Geographica lly, except in the Northern, Afnan Oromo is found in 

Eastern, Southern, Cenlral and Western Cushitic Language lamilics by rClain ing il s 

homogeneity. The Oromo of all these areas could communicate in this language without 

dialectical barriers [63]. 

Araan Oromo has fi ve major dialects: Rayya (Northcrn), Borana (Southcrn), Tult'una (Ccnt ral), 

Harar (Eastcrn), and Meeha (Western) [65[. For instance, the Mccha dialect predominantly uses 

koo to mean ' my, mine', whereas other dialects usc kiyyu. AI present, Afaan Oromo has different 

o fficia l functions in the Oromiya Regional State and also in Oromiya Zone of Ihe Amhurn 

Region. It is the reg ional offic ial language, a medium of instructions in primary schools, teacher 

training inst itutions and co lleges and it is a fie ld of study in higher educat ion institut ions. 

Before 1991 , Ge'ez script was used for writing Afaan Oromo documents. A Latin-based alphabet 

ca lled Qubce has been adopted and became the official script of Afaan Oromo s ince 199 1. There 

are about twenty-s ix consonants and ten vowe ls (fi ve short and fi ve long) in Ihe language [65, 

66]. Afaan Oromo consonants and vowels arc depicted in Table 4.1 and Table 4.2 respective ly. 

The schcmatized syllable format of Afaan Oromo can be represented as: CV (V) (C), whcre C is 

a variab le for 'consonant ', V is a variable fo r 'vowel', VV represents a long vowe l, and items in 

parentheses are optional [69]. 

Double consonant will cause variat ion in the meaning of Afaan Oromo words. For instance. the 

word hadaa means ' bad ' whereas haddaa implies ' highland ' . The language's alphabet (single 

leUer) is constructed from one character symbol or digraph (double charnctcr symbol) likc dh, 

"Y. ph, sll . Gemination is allowed fo r single (onc charactcr) symbol like holfaa wh ich means 

' light ' whereas gemination for digraph (double character) symbol is not allowed in the language. 
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For instance. the word qophii 'read inesses ' cannot lak Ih ' h' "h fi C C lonn qopp to C Ive long vowels 

C[ln be obtained by doubling the correspond ing short vowels. The difference in length of the 

vowe l induces difference in the mea ning. For instance, the word laafe means ' to become weak' 

while lalee is ' bone'. 

Ta ble 4 I' Afa 0 .n romo consonanls 

La bial Alveolar/dental Palatal Velar Glott al 

Pip Tit Chich KIk 
, 

Bib Old I/j Gig 1·lfh 

I'H/ph Xix Clc Q/q 

Fir DH/dh SHIsh 

V/v Sis NY/ny 

Mlm ZJz Y/y 

W/w Nln 

U I 

R1r 

IIi 

Table 4.2: Afaan Oromo vowels 

Short vowe ls Long vowe ls 

A Aa 

E Ee 

Ii 

o 00 

U Uu 

In Afaan Oroma, dig its from zero to nine are spec ific words, name ly duwwaa (0), lokko (1), 

lama (2), sadii (3), ofur (4), shan (S) , joho (6), /orbo (7), soddeet (8), and sogol (9), The tens arc 

formed by adding the suffix /_ lama/to the matching multiplier digit root, with the exception of 

ten, twenty and thirty: kudhan ( 10), digdama (20), soddoma (30), afurtama (40), sl,a",ama 

(50), jalra/ama (60), forbaa/ama (70), saddeetama (80), and sagoltama (90). Composed 

nu mbers from e leven to ninety-nine arc constructed by writing the modified tcn fi rst, fo llowed 
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by the digit separated with a hyphen. The composed ten either loses its ending _" (kudhall (10) 

gives kudha-Iokko (I I» or modifies it s ending from -a to -ii (digdama (20) gives digdamii-Iumu 

(22».The word for hundred is dhibba. and the word fo r thousand is kuma. 

4.2. Afaan Oromo Morphology 

Morphology is the branch oflinguistics that studies patterns of word format ion wit hin and across 

languages, and attempts to formulate rules that model the knowledge of the speakers o f those 

languages [2]. For example, English speakers recognize that the words dog. dogs, and dog 

catcher are closely related. Also they recognize these relations from their implicit knowledge of 

the rules of word format ion in English. They infer intuitively that dog is to dOgl' as caf is to cms; 

sim ilarly, dog is to dog catcher as dish is to dishwasher. The rules understood by the speakcr 

reflect specific patterns (or regularities) in the way words are formed from smaller units and how 

those smaller units interact in speech. 

As stated in [10] like a number of other African languages, Afaan Oromo has a very rich 

morphology. In agglut inative languages most of the grammatical information is convcyed 

through affixes and other structures. Therefore, the grammatica l informat ion of the languagc is 

described in relation to its morphology. This makes it very hard to creatc grammar checker, 

spe ll ing checker and any other natural language processing task. Although Afaan Oromo words 

have some prefixes and infixes, suffixes are the predominant morpho logical features in the 

language. 

4.2.1. Types of Morpheme 

In linguistic, the minimum unit of morpho logy is ca lled morpheme. Afaan Oromo morphemes 

are divided into two: Dhomjecha walabaa ' free morphemes' and Dhamjecha hirkataa 'bound 

morphemes' [67]. Free morphemes are those morphemes that can stand aione, that is, not 

attached to some other morpheme to give a mean ing. By contrast, bound morphcmes have to be 

attached to some other morpheme to give a meaning. For instance, in bishaaniin 'by watcr', 

I-HoI is a bound morpheme and bishaan 'water' is a free morpheme. 
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Free morphemes 

Afaan Orama free morphemes are classi fied into two' Dhamiecha h "k ' I . I h 
• 'J II au eXlca morp ernc' 

and Dhomjecha tajaajilaa ' functional morpheme' . Lexica l morphemes are free morphemes thai 

have their own content and stand for one meaning. For example, if we use the word Bishuun 

'waler' as a subject or as the object of a sentence its meaning never changes. In contrast, 

funct ional morphemes generally perform SOme kind of grammatical ro le, carrying little meaning 

of their own. Functional morphemes specify a relationship between other morphemes. For 

instance, words like Kun, Sun, and Kana are all functional morphemes. 

Bound morphemes 

Based on their content , bound morphemes are class ified into two: hundee hirkatau 'bound rool ' 

and fufii 'affix' [67J. 

a. Bound root 

Bound roots are morphemes that make the most precise and concrcte contribut ion to the words 

meaning. For instance, words like beeka, beeki, beekle, beeku, bedti, beekumsa, 011(1 beeka 

have a bound root beek-. Most of the root words in Afaan Oromo are bound root (67]. 

b. Affix 

Affix is a bound morpheme that attaches to bases. The classification of Afaan Oromo affix can 

be done based on the position of the affix and in tenns of the shift of word class (9]. Based on 

their location, Afaan Oromo affixes are classified into fo ur: fujii duree ' prefix', fujii giddee 

' infix', fujii naannee 'Circumfix' andfufti duubee 'Suffix'. Again based on their grammatical 

functionality and the type of word class they change, affixes are classified into two: fuJilee 

yausaa 'derivational affixes' andfujilee hortee ' inflectiona l affixes'. 

Derivational morphemes derive a new word by being attached to root morphemes or stems. Thcy 

change the meaning and optionally change the category of the word class. They can be both 

suffixes and prefixes in Afaan Dromo. Common derivational affixes in Afaan Oromo arc: 

-ummaa, -maota, -aa, -ee, -tuu, -eenya, _ii, -uu, -S-, -at, -siis-, -sis-, -sa, -a, -eenna, hin-, -ina, 

-aatU, et. For instance, adding suffix l~eDyaJ to the adjective adii 'white' will drive the noun 

addeenya ·whiteness' . Whereas inflectional morphemes ind icate grammat ical information such 

as nu b ( I I) . d on They may be found in suffix or circumfix in m er p ura , tense, possession an so . 

Afi . d h t tic category orthe words or morpheme aan Oramo. They never change meanmg an t e syn ac 
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to which they are attached. Common inflectional affixes in Afaan Oromo. , , .. 
. -e, - ee, - II , - I, -00, 

-fii(f) . ·clI·, -0010, -dhaa(f) , -n, -tuu, -U, etc. For instance, adding suffix I-ootal to the word sa 'a 

'cow' will generate inflected word sa'oota 'cows', 

4.2.2. Word Formation Process in Maan Oromo 

As stated by Getachew [70], Afaan Droma has five word classes: noun. adjective, adverb, 

conjunction and verb. But most of the leachers, writers, and linguists classify Araan Droma 

words into maqaa (Noun). maqibsa (Adjectives), durduubee (Affix), qab,\'iislUu (conjunction), 

bamaqaa (Pronoun) and gochibsa (Verb) [67]. This section discusses the word formation 

processes in Afaao Droma, particularly derivation, inflection and compound ing. The discussions 

and examples in this sect ion are based on the discussion and analysis from [10, 67, 68, 69, 70, 

71, and 72]. 

4.2.2.1. Derivation 

Derivation is a process of word formation in whic h one or more affixes is attached to a root word 

(and stem) to produce a new word known as derived word . Usua lly, derivation wi ll change the 

part of speech of the root word to which a suffix is added. This process of word fonnation is very 

productive . Afaan Oromo is derivationally rich language (73]. 

I. Nouns Derivation 
Nouns are any word that can be used to name or identify place, object or ideas. The process of 

driving a noun from the other word class is ca lled nominalization, and the types of affixes used 

for this purpose is ca lled nominalizars. In Afaan Oromo, there is a large stock of nomina ls 

derived from adjectival, verbal and nominal bases. 

Suffixes invo lved in the derivation of nouns in Afaan Oromo are classified into different groups 

based on the type of word class they change into nouns. 

Group 1 /·eenyal and /· inal 

These suffixes are used to derive nouns from adjectives as the following set of examples 

illustrate. 
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Adjectives Gloss Am]; Derived Noun Gloss 
adi i white -cenya addeenya whiteness 
dh iyoo ncaf -eenya dhiyeenya closeness 
bareedaa beauti fu l -ma barcedina beauty 

Group 2 I-a/, l-aal, l-eel, I-iii, I-sa!, I-sa/, I-aaliil, f-eha, I-chool, I-maata!, l.nsal. l-1IOO/ 

These suffixes are used to derive nouns from verb The '011 ' I 
• II owmg cxamp cs indicate the 

derivation of such no uns. 

Verbs Gloss Affix Derived Noun Gloss 
ibse make it clear ·aa ibsaa light 
laIc he fought ·a lola war 
dhuge he drank -aatH dhugaalii drink 

Group 3 I-ummaal and I-oorna! 

These suffixes are used to derive nouns from other nouns. The following examples indicate the 

derivation of such nouns. 

Noun Gloss Affix Derived Noun Gloss 

bil isa free -ummaa Bilisummaa Freedom 

garba slave -ummaa garbummaa slavery 

fira re lative -umrnaal-ooma firooma relationship 

II. Verb Derivation 

Verbs are doing words or act ion words (for instance, jigi ' run ', rukuli ' hit " kOllkoluchb,·; 'dri vc' , 

and nyaadhu 'eat'), but some verbs show a ' state of being' (for instance, mullull! 'appear' and 

j ed"e 'like'). Like that of nouns, Afaan Oromo verbs are derivationa l. Similarly su ffixes 

involved in the deri vation of verbs (verbi lizer) in Afaan Oromo are classified into different 

grou ps based on the type of word class they change into verbs. 

Group 1 /·oom./' /·aa '-/, I-a '-/ 

These verbilizer are used to derive verbs from nouns and adjectives. The foHowing examples 

indicate the derivat ion of such verbs. Examples inc lude: 
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Word Verbilizer (Affix) Derived verb 

Aljaa -oem· Arjoome 
gurraacha -a'· gurraacha'cc 
qulqu ll uu -aa'- qulq ullaa'e 

Group 2 /-at-/, I-am-I. I-sis-/' I-sUs!, I-s-I 

These verbilizer are used to derive verbs from adjectives and another verb. Examples include: 

Word Verbi lizer (Affix) Derived verb 

Mure -at- Murate 

diimaa -at- diimat-e 

hidhe -am- hid hame 

dhuge -siis- dhugsiisc 

III. Adjectives Derivation 

Adjectives are words that describe or modify nouns (and pronouns). Forming adjcctives from 

other lexica l categories is termed as adjectivization. From slat ive verb like Idiim-atl ' become 

red' one can derive the adjective Idiim-at-aa (-tuu)/ ' reddened'. ln Afaan Oromo adjectives can 

be formed fro m verbs by tak ing adject iv izers like I-aa/, I-tuu/, l-ew;aJ, and /-eettii/. The 

fo llowing examples indicate the derivation of such adjectives. 

Word 

sodaate 

iyye 

Affi x 

-aa/-tuu 

-cssal-etti 

Derived Adjectives 

sodaalaalsodaattuu 

iyyccssaliyyccttii 

Afaan Oromo adjectives are not derivatives as noun and verbs, Ihis is because there arc a rew 

number of adjecti vizers in the language [67, 69, 70]. 

4.2.2.2. Innection 
The words in a given class vary their forms fo r grammatica l reasons. Inflection docs not form a 

new word. 
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J. Noun Inflection 

Almost all Afaan Droma nouns in a given text have person, number, gender and posscsslon 

markers which are concatenated and affixed to a stem or singular noun form. Afaan Oromo 

nouns are inflected to ind icate different grammatical functions like gender, number, definiteness 

and case [75]. Inflectional suffixes are combined with stem usually resulting in a word of the 

same class as the original stem. Both Afaan Oromo nouns and adjectives are highly inncctcd for 

nu mber and gender. The principles of noun inflection here apply to verbs and adjectives. 

Cases 

Araan Oromo nouns can be inflected to indicate accusative, instrumental, direct objcct, indirect 

object, and nominative cases. The nominative cases are used for nouns that arc the subjects of 

clauses. In Afaan Oromo nominative case indicators are I-nl and I-il. For instance, in Magarsaml 

Lataa rukute 'Magarsa hit Lata', the nominat ive case indicator is I-n/. Afaan Oromo nouns arc 

in flected for nominative, objective, and instrumental cases. 

Gender 

Oromo has two grammatical genders, mascu line and feminine in similar way to othcr Afro­

Asiatic language. There is no neutral gender as in other language like English. Small number of 

nouns end with I-eessal and I-eeltiil to indicate a gender as in obboleessa 'brother' and 

obboleeltii 'sistcr' . Grammatical gender normally agrees with biological gender for peoplc and 

animals; thus nouns such as abbaa ' father' , ilma 'son ', and sangaa 'ox' are masculine, whilc 

nouns such as IJOadha 'mother' and inlala 'girl' arc feminine. However, most names for animals 

do not specify biological gender. Names of astronomical bodies are feminine as in aduu 'sun ' 

and urjii ' star' . The gender of other inanimate nouns varies somcwhat among dialects. Suffixes 

like I-chi and I-ttil are used to show gender in some cases. 

Number 
In contrast to the English plural marker I-{e)s/, there are more than 12 major and very common 

plural markers in Afaan Oromo(65). Plural nouns are formed through the addit ion of suffixes. 

The most common plural maker suffixes in Afaan Oromo are: I-ootal, I-ooliil, I-eenl, I-Ieel, 1-

wwanl, I-yyiil, I-eetiil, I-iii, 1-001, I-nl. 
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Definiteness 

There is no indefinite article (su h c as a, an, some) in Afaan Oromo like in English. The 

defin iteness article ' the' in English is I·;chal for mascul ",ne 0 d I " "" fi " " n UDS an -11111/ or femmme nouns 

in Afaan Dromo. Vowel endings of nouns are dropped befi d" h • ore appcn 109 I esc suffixes. I'or 

• comes anllll ' I C kI 'c' . In instance, loga ' river' becomes /agicha ' the river' harD. "lake' be h " "" h "k 

Afaan Qromo definite suffixes appear to be used less often tha " E I" h d h n In ng 15 t an t cy seem not to 

co-occur with the plural suffixes [67]. 

Afaan Droma verbs are also highly inflected for gender, person, number and lenses. Examples: 

1. Inni kaleessa dhuf~. (He came yesterday) 

2. Isheen ka leessa dhufte. (She came yesterday) 

3. Inn i dhufaa jir!.. (He is coming) 

4. Isheen dhufaa jir!i. (She is coming) 

In the above four sentences the gender and tense of the sentences are described through suffi x 

which is attached to the verb stems Idhuf-I and ljir-I. 

4.2.2.3. Compounding 

Compounding is the process of putting words together to build a new onc that does nol denole 

two things, but one and that is pronounced as one unit . The difficulty with compounds is to work 

out which words are more heav ily pronounced in their first and which ones in their second part . 

Another problem, also for native speakers, may be to detect which compounds are written how, 

because some compounds are hyphenated, others are written separately and some are written as 

one word. This sect ion describes Afaan Oromo lexical compounds and the characteristics which 

distinguish them from others. 

J. Compound Nouns 
In Afaan Oromo, compound nouns are productively formed by a combination of diffe rent POS. 

Noun Compounds 
Two nouns can combine to form various kinds of compound nouns. For example, thc noun 

labbaal 'father' or !haadhal 'mother' can occur as a first member as given in the following 

examples to give a compound noun: 

Design and Implementation of Maan Oromo Spell Che<:ker 
Page 38 



I 
\ 

\ 
\ 

\ 

I • 

Noun Gloss Noun Gloss Compound Noun Gloss 

Abbaa father buddeena food Abbaa buddeenaa stcp father 

Haadha mother mana house Haadha manaa wi fe 

Noun-Adjective compounds 

Compound nouns can also be formed by combining noun and adjectives. The process is nol 

productive. Examples include: 

Noun Gloss Adjective Gloss Compound Noun Gloss 

sanbata sabath guddaa big sanabata guddaa Sunday 

muka tree gurraacha black mukaa gurraacha black tree 

Adposition-Noun Compounds 

A combination of an adposit ion and a noun may result in a compound noun. In such compounds 

the nomina l element is always a derived form. Examples include: 

Adposition Gloss Noun Gloss Compound Noun Gloss 

gadi down qabaa having gadiqabaa oppression 

dura front ta'aa sitting durata'aa chairman 

Verb-Noun Compounds 

In this pattern, nominals are formed by combining verbs with other nominals. Examples include: 

Verb Gloss 

qotee plough 

Noun 

bulaa 

II. Compound Adjective 

Gloss 

live 

Compound Noun 

qotee-bu laa 

Gloss 

farmer 

Compound adjectives are not as productive as compound noun. But we have instances of them 

followed by a combination of different categories. 

Noun-Noun Compounds 
Compound adjectives can be formed by combining two nominals of which the first is abbaa 

' father' or baadba 'mother' and the second a nominal designating some attributes. Bayc (7 1 J 

also mentions the existence of such compounds in Afaan Dromo. The following examples can be 

given. 
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Nominal Nominal Compound Adjective Gloss 

AbbaaIHaadha boyichaa AbbaalHaadha boyichaa crying 

AbbaaIHadha dubbi i AbbaaIHaadha dubbii talkative 

AbbaaIHaadha hirribaa AbbaalHaadha hirribaa sleepy 

Noun-Adjective compounding 

In this type of compounding the second member is a modifier orthe first. Examples include: 

Word Gloss Word Gloss Adjective Gloss 

bifa color badii useless bifa-badii ugly 

garaa 

ija 

stomach 

eye 

qulqulluu 

jabeessa 

Adjective-Noun Compounds 

clean 

strong 

garaa qulqulluu 

ija-jabcessa 

clean hearted 

shameless 

In such compounds the nominal qualifies the adjective by showing degree. Examples include: 

Adjective Gloss Noun Gloss Compound Adjective Gloss 

gurraacha black cilaattii charcoal gurraacha ci laatti i charcoal-black 

jabaa strong mukaa wood jabaa mukaa very strong/strong as wood 

Adjective-Adjective Compounds 

A combination of two adjectives can fo rm a compound adjective in which the second qua lifies 

the first in terms of degree. Examples include: 

Adjective Gloss Noun Gloss 

adii 

aja'aa 

white 

stinky 

qulqulluu 

tortoraa 

Ill. Compound Adposition.ls 

clean 

rotten 

Compound Adjective 

adii qulqulluu 

aja'aa tortoraa 

Gloss 

prelly-whitc 

rottcn-slinky 

Compound adposit ion can be formed from adverbs of lime and the direction. Compounds of this 

type are not very common. Examples include: 

Word Gloss Word Gloss Adjective Gloss 

asii here gadi down asiigadi downwards 

achii there here achii-asi towards here 
aSI 
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4.3. Afaan Oromo Spelling Error Pattern Analysis 

This section rev iews the ana lysis of spelling and grammar errors of Afaan Oromo conducted by 

Fikadu [83]. The main purpose of his study is to analyze spelling and grammar error of Arnao 

Oroma modules prepared fo r teaching Araan Oromo courses. He used three data gathering 

techniques fo r this purpose: text analysis. questionnaires and interview. Text ana lysis was uSt.'d 

10 identi fy and classify spelling errors in the modu les. Questionnaires and interview were 

employed to gather data from the respondents. Both qualitative and quantitative methods of data 

analys is were used to co llect information from students. The finding of his study depicts Ihc 

ex istence of spelling errors such as omission, addition. analogy, substitution, transposition, 

spacing, inconsistency and unclassifiable error types. Examples and discussion fo r each type of 

the errors are given below. 

4.3.1. Omission 

Omission (or deletion) of vowels 

Two types of omission of vowels are identified: Errors of shortening long vowels and complcte 

omission of vowel (5). Examples inc lude: 

Misspelled word Correct Word Gloss 

yero yeroo time 

konkolataa konkolaataa car 

ibs ibsi describe 

Omission of consonant 
'd 'fi d' Om·ssion of onc leltcr from geminated Two types of omiss ion of consonant (s) are I ent! Ie . I 

consonants and complete omission of consonants. 

Omission of ODe lette r from geminated consonan ls . 
. . d f double consonants as in the followmg This is a case where a single consonant IS used Inslea a 

examples. 

Misspelled word Correct Word Gloss 

cicimoo ciccimoo strong 

iraui irratti 
on something 

xiqoo xiqqoo small 
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Complete omission of consonant (s) 

Th is results in juxtaposition of either similar vowels or different vowels depending on the type of 

vowels before and after the omitted consonant (5). Examples include: 

Misspelled word Correct Word Gloss 

buaa 

,faa 

bu 'aa 

afaan 

4.3.2. Addition (or insertion) 

Addition of vowels 

profit 

language 

Further vowel additions are classified into three: addition of identica l vowels, addition of vowel 

between consonant clusters and other types of addition of vowels. Addition of identical vowels 

(includes error of using double vowels in place of single vowel), and using morc than two 

vowels instead of short or long vowels. Other types of addition of vowels inc lude errors of 

vowels beside other different vowels that resuh in something like diphthongal sounds. It also 

includes vowel add ition at thc end of words that end in consonant. Examples include: 

Misspelled word Correct Word Gloss 

kitaaboota kitaabota books 

yoookaan yookaan or 

caamisaa caamsaa May 

Addition of consonant 

It can be addition of identical consonant(s), geminating one of the consonant clusters, or addition 

of consonant clusters. 

Addit ion of identical consonants 
This includes errors of gemination and using more than two identical consonants as in the 

following examples. 

Misspelled word 

yookaann 

arriitii 

Correct Word 

yookaan 

ariitii 
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Addition that results in consonant clusters 

The occurrence of such error at word in itially and word finally breaks the spelling convention 

and represents no sound in that particular word as in the following examples. 

Misspelled word Correct Word Glo!! 

dubishuu 

qabxt ii 

dubbisuu 

qabxii 

Geminating one of the consonant clusters 

to read 

point 

In Afaan Oromo spe ll ing convention, clusters do not geminate as in the fo llowing examples. 

Misspelled word 

inijifannoo 

gorssa 

4.3.3. Analogy 

Correct Word 

injifannoo 

gorsa 

Gloss 

defeat ing 

advice 

Errors of ana logy occur due to the knowledge that one has in two or more languages, particularly 

with English words. Regarding analogy, the following types of spel ling errors were identified: 

Adopting letter sequence of English in Afaan Oromo writing 

Examples include: 

Misspelled word Corred Word Gloss 

graafii giraafii 'graph' 

projeektii pirojektii 'project ' 

biblographii bibi liyoografii 'bibliography' 

Adopting English orthography to represent sounds in Afaan Oromo 

This is using the orthographic symbol in English that does nol represent sounds in Afaan Oroma. 

Examples include: 

Misspelled word 

giraaphi 

addugnaa 

Correct Word 

giraafii 

addunyaa 
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4.3.4. Substitution 

In most cases, this error occurs between consonants that have some ident ical features and 
subst itut ion between vowel and consonant as in the ~ollo . I Ii wmg cxamp es. 

Misspelled word Correct Word Gloss 

guunnamti i quunnamt ii 'communicat ion' 

harreeffamuu barreeffamuu 'to be written' 

louaalee tooftaalee 'techniques' 

4.3.5. Transposition 
Transposition errors occur due to interchanging or misplacing of letters as in the following 

examples. 

Misspelled word 

baa 'yee 

dnada 'a 

adbii 

4.3.6. Spacing 

Correct Word 

baay'ee 

danda'a 

abd ii 

Gloss 

' many' 

' be able ' 

'hope' 

Spacing is spe lling one word as separate words and words as one word as in the following 

examples. 

Misspelled word Correct Word Gloss 

bab.1 lisa baballisa 'widening' 

kan afull kanaafuu ' for th is reason ' 

sa ffisaadubbisuu saffisaan dubbisuu 'to read fast ' 

yeroohedduu yeroo hedduu 'most of the time ' 

4.3.7. UncJassifiable errors 
These are errors that are difficult to classify because of their complicated nature. Examples are: 

ildalte, gkeekta , guea. 

Table 4.3 summarizes a work by Fikadu (83] showing the overall types of errors observed in the 

modu les. As depicted by the researcher in [83] , carelessness and lack of know ledge which resu lts 

from absence of practice, good Afaan Dromo academic background and sufficient experience 

Were found to be the causes of the errors in the modules. 
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Table 4 3' Spelling e b . . rron y major categories 

NO Major Error count '/0 

categories 

I Omission 534 39.79 

2 Addit ion 410 30.55 

3 Analogy 27 2.01 

4 Substitution 196 14.61 

5 Transposition IS 1.12 

6 Spacing 86 6.41 

7 Unclassifiable 74 5.51 

Total 1342 100 

4.4. Summary 

This Chapter has discussed Afaan Oromoo word fo rmation process, especially for adjectives, 

verbs and nouns through inflections, derivations and compounding. Araan Oroma spe lling error 

patterns are also reviewed. Understanding atl this will help us to design and implement language 

specific rules to our system. The next Chapler discusses the design and implementation of 

AOSC. 
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Chapter 5: Design and Implementation of AOSC 

In this Chapter, first we will discuss the design approach and requ irement . Then. the genera l 

overview of the proposed system architecture from the perspective of the sysu~m's now of 

operat ions in the form of processes will be discussed . In a simi lar way the implementation of the 

algorithms fo r each component in the architecture wi ll be discussed. Finally. the implemented 

prototype will be explained. 

5.1. The Approach Used 

Taking what we obtained from the rev iew of the related work and the morpho logical omple>:il)' 

and resource scarceness of Afaan Oromo language. we proposed a morphology based spell 

checker (i.e. a dict ionary look·up wit h morpho logical rules). A morphology based spell checker 

has ad vantages such as it s abi lity to reduce the dictionary size drllSlica lly and the abilily 10 

recognize new words (i.e. inflected, derivated or compounded words) Ihal are not inc luded in lhe 

dictionary. Morpholog ical rules address word catcgories and thcir possible inncct k>ns. derivat ion 

and compoundi ng. Further, the approach can be drawn upon in building grammar checkers. A 

morphological rule developed for the spe ll ehccker is also a stcpping-stone for other NLI' 

app lications. 

5.2. Design Requirements 

Knowledge of the language plays an important ro le in order to design a morphology based spell 

checker. Such knowledge can be obtained in vario us ways. In this study, the knowledge for 

morphological rule and lexicon design was obtained from the analysis of Afaan Oromo text 

books, published papers, Master's Thesis and discussion with Language profcss;ormls. In 

particu lar, the lexicon designed as a knowledge base is prepared by using the criteria forwarded 

in [67, 68, 69, 75, 81]. However, an etTort has been made 10 minimize the number of gra mmar 

rules of lhe language. This is because that the knowledge of lhe grammar plays 3 central role in 

deve loping an efficient spe ll checker. 

The problems encountered in the design of the programming structures that dctennine whether a 
. . . fr I e to language Of part icular interest arc 

word IS correctly spelled or not Will dIffer am angung . 

holo Y 
These: languages often require additional 

languages wit h a more complex morp g . 
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morphological processing during the error detectK>n and suggestion pred iction phase, since 

simple increase in the size of the lexicon is not only lime consuming, but also error-prone. 

Speci fic and accurate analysis at word leve l is therefore a necessity (76) , Having efficient and 

efTective lex icon look up mechanisms is also one of the requirements in designing every spell 

checker. 

There arc severa l other issues that arc closely related to spell checking and correcting processes: 

dictionary part itioning schemes, coverage of the language of interest in terms of both lexica l 

coverage and coverage of morphological and orthographic phenomena. and word boundary 

issues. Dictionary partitioning schemes were motivated by memory constraints in many carly 

spell checkers. Word ooundaries in most spelling error detcct ion and corrc.'Clion techniques nrc 

often defined by inter-word separation, such as spaces and punctuation marks, However, it is 

large ly dependent on the language under consideration. For instance, in Chinese there is no space 

between words to act as word ooundary delim iter [80] , But this is not an issue in languages like 

Amharic, English, and Afaan Oromo since word boundaries are defined , All the other issues arc 

considered during the design and implementation of AOSC. 

5.3. Lexicon Design 

In order to bui ld a morphology based spell checker, one wou ld req uire a powerfu l dictionary for 

reference in the wo rd error detection and suggestions prediction phases, Crenting a dictionary 

having all the words of the language is a laborious task and infeasible considering the large 

variation of affix. combinations in Afaan Oromo, To handle this problem, we used Ii 

morphologica l analyzer and a dictionary of root word, For example, fo r a single verb root word 

deem·'go·, over 60 valid word fo rms can be formed (see Appendix A), 

We adopt the Hunspell dict ionary and affix file format to design a lexicon, Hunspc ll is an open 

source spe ll checker [79]. It has been designed especially for languages with rich morphology 

and complex system of word compound ing, origin ally for Hungarian [79], It 's a spell checker for 

Mozilla Firefox and Mozilla Thunderbird , Even though our spell checker is a standalone 
, h' Ii I will help us to directly integrate 

application, storing both the root words and affIx to t IS orma 

O om 's the leading open·source office 
Our system into Apache OpenOffice (Apache pcn Ice I 

I lions, graphics, dalabases and more). 
so ftware suite for word process ing, spreadsheets, presen a 
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The next subsection discusses root word classification issues and.h d ' fl' e eSlgn 0 ex Icon nceded to 

deve lop AOSC. The design process is based on the morpholog~al . f h I ... propertieS 0 I c nngunge 

discussed in Chapter Four and the assumptions and approaches discussed in Chapler Two and 

Three. 

5.3. 1. Root word classification 

Ifwe are to define rutes for permitted combinations of affixes and rOOI words, it is necessary to 

observe the conditions under which affixes accept certain roots (or vice vcrsa) while they don', 

produce a meaningful combination with others. If we succeed in understanding this system, il is 

poss ible to create a spell checker which would not only recognize all words which could be 

found in sources it was based on, but also valid compounds and combinat ions of rool words and 

affixes which may be untyp ica~ but still perfectly correct and usable in the language. Also, 

implementing such a system of root word classification could result in a signi ficantly shorter 

word list fi le. 

The big challenge to classify a word stem (or root word) is the grouping of nouns and verbs in 

such a way that the members of the same group have similar inflections and derivat ions, 

Classification of stems and its usefulness fo r implementing rules of Afaan Oromo morphok>gy 

has already been touched by Abebe in his morphological synthesizer 1751· He listed 17 difTcrcni 

inflectional types which are divided into pans of speech as follows: 7 for the nouns and 10 for 

the verbs. After listing of stems and affixes, fo r each stem class there should be a corresponding 

set of affixes with which it can combine to fo rm variants of words. This associat ion is ca lled 

Signature. Signatu res are used to organize the stems (also root words) and suffixes in such a way 

that the stems in the lexicon or new stems can be organized with appropriate suffi.'(cs. 

For instance, two syllable nouns ending in short vowels and having end consonants like k. g. d, 

r, b, and n have the same signature. They take plural making suffix after doubling the last 

consonant and de leting the last vowel. Mana 'house', laga ' river' , muka ' tree' can be taken 35 

examples. The suffixes of this class include: !-een/, /-nil,/-a!. 

Sample nou ns and verb signatures are included in Appendix G. The classificat ion rules 

forwarded by Abebe [75] were adopted fo r our system with a slight modification. 
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5.3.2. Design of Affix Lexicon 

The affix file conta ins list of affixes along with their context restrictions and effects. It nlso 

serves as a setting fi le fo r the dictionary, containing all rules for adding and stripping affix from 

the root word. An affix. file {.aff extension} is a collection of instruction, each on one line, whic h 

describes the meaning of lhe affix classes present in the word list and SCI different opt ions which 

influence the behav ior of the spell checker, such as character encoding, characler SCI used in 

suggestions, explic it lists of often misspe llings and easi ly interchangeable leuers, etc. For each 

affix class, a set of rules is defined, which describe the possible derivations, inflections nnd 

compounding the affix may produce. The general format of our Affix Iile ndopted from 

Hunspell [79] is depicted in Figure 5.1. 

1---- ------ --- ---- --- ----------- --- ------- ----- --- ----- -- ------- --- -. 
: I. <Option_Name> < Flag> <Cross_Product> <Line Counl> Iffhe fields of an affix class 1 

, 
: 2. <Option_Name> <Flag> <Stripping> <Affix> <Condition> /I Fields of an affix rules , , , , , , 
~------- - -- -------------------- - --- - --- -- -- --- --- - --- -- --- ----------

Figure 5.1: The genera l format of Hun spell Affix file 

Description 

Option_Name: can be PFX (prefix) or SFX (suffix) 

Flag: is the name of the affix class 

Cross Product: is permission to combine prefixes and suffixes. 

Possible values: Y (yes) or N (no) 

Line Count: line count of the fo llowing rules (i.e. the lotal number of ru les in this class). 
. . d ~ Ih end (for SFX) or from the beginning Stnpping: defines letter or letters to be strlppe 110m e 

(for PFX) of the non-affixed form. If no stripping will be necessary. the value of this flag is '0' . 

Affix: character or characters added to the end (for SFX) or to the beginn ing (for PFX). 
. set of characters stating under what 

Condition: regular expression type character. strmg, or 

cond it ions the suffIX or prefix can be added. 

Examples: 

I. SFXN I YI 

2. SFXN I Oiinn 

3 . PFXP2Y I 

4. PFX P2 0 gag gab 
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In the above example, there are two affix classes, where class Nt defines that suffix /·iinl will be 

added to a word if the last character of the word is D. For instance, th is rule may be applied 10 the 

noun biJI.aan 'water' and ilkaan ' teeth' . The second class P2 defines that the prefix /gag"; will 

be added to the word if the first three characters of the word is gab. For instance, Ihis rule may be: 

applied to the adjective gabaabaa 'short' . Sample suffixation and prefixat ion rules for Af3nn 

Oromo are included in Appendix C. 

Our Affix file also contains language dependent replacement rules. Based on analysis rrom 

Afaan Oromo spelling error pattern analysis in [83, 84], we prepared more than 100 replacement 

rules (sample replacement rules are found in Appendix D). With Ihis replaccment rules. the spell 

checker can suggest the right forms for the typical faults of spe lling when thc incorrect form 

differs by more than 1 letter from the right fonn. 

5.3.3. Design of Dictionary Lexicon 

The dk:t ionary file contains root words with optional information aboul morphological affis 

classes to combine with the root words. Each word in the dictionary may be associated wilh an 

arbitrary number of classes separated by a slash (sample Afaan Oromo dictionary liles arc 

included in Appendix E). The General format of our dictionary is : 

<Word (probably a root word» I<Affil_Classes (one or more classes» 

Example: 

1. bishaanIN I 

2. fi 

3. na 
In the above example NJ indicates the affix class of this word . Based on Ihis bishuaniin 'by 

. . .. d b' h • ater' In Afnan Oroma there nre some 
water ' IS a poSS ible derivation for the wor IS aan w . • 

words that don't undergo inflect ion and derivation, for this reason they arc called jechool
a 

ntasee"aa 'functional words' [67]. In Afaan Oromo word class like conjunct ions. exclamnt ion, 
. . . ·fi d d f, nctional words For instancefi, na and 

post poSItion, pronouns and the hke are clasSI Ie un er u . 
. . I d (more functional words are included in 

nu In the above example are all functlona wor s 

Appendix B). 
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5.4. Architecture of the System 

Considering the behavior of Afaan Oromo language, the proposed architecture for AOSC is 

shown in Figure 5.2. The architecture has eight components: Tokenizer, Knowledge base, Error 

detection, Morphological analyzer, Error correction, Morphological generator, Suggest ion ranker 

and Word assembler. 

Tokenizer component 

This component split a block of text into individual words, digits and punctuation marks, In 

Afaan Oromo, like in other languages, the blank character (space) shows the end of onc word. 

Moreover, parenthesis, brackets, quotes, etc arc being used to show a word boundary, 

Furthermore, sentence ooundaries and punctuations arc almost similar to English language (i,e. a 

sentence may end with a period (.), line break, a question mark (1). or an exc lamat ion poinl) 1821, 
Thus, space marks are used as the explicit delimiters or token separator. Every lime a sp.'lce is 

encountered, the word after the space becomes a token. The output of this module (list of 10k ens) 

becomes an input to error detection module. 

Knowledge Base 
All information (or rules) required for spe lling error detection, morphological analysis and error 

correction are stored in this module. It contains a rool word and affixes for different PO . The 

knowledge base component designed for our syslem is based on the discussion given in Chapler 

4 and analys is from a research conducted on Afaan Oroma spcJling error pallern analysis by 

Fikadu [83] and Ijigu [84] . 

Error Detection component 
Error detection component is responsible fo r check ing whether the input word (from the 

Tokenization component) is misspelled or not. The error delection component works first by 

looking tile input word in the root word dictionary. If the input word exists in the rool word 

dictionary, the spell checker does nothing. Otherwise (i.e. if this component returns ;001 exist'), 

the input word will be sent to the morpho logical analyzer component for further process ing. The 

h . d into Ihe possible roots and 
morphologica l ana lyzer component decomposes t e mput war 

ffi he to the error detect ion component 
a . Ixes (based on their signature) and then passes I m 
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Figure 5.2: Proposed Architecture of AOSC 
--- ----

Then, the error detection component once again lookups the knowledge base to check whether 

the returned root word and affix exists in the knowledge base or not. If they do not exist, the 

error detection component will recognize that it's a misspe lled word and then passes them into 

the error correct ion component. If both the root word and affix are found in the knowledge base, 

the system cannot automat ically say this word is valid, fo r the root word may not be inflected or 

derivated fo r this affix. Finally, to detennine if this word is an acceptable word, the class of this 

rOOt word is checked in the root word dictionary. If it has this affix Oag, the system will 

recognize it as a val id word (i.e. no further processing is needed), otherwise the error dctect Km 

Component will recognize it as misspelled word. The error detection algorithm is depicted in 

Figure 5.3. 
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~~~- ~---~-----------------------­ ------- ------------Input: word from Tokenization component -- -- ------- -- -- . 

, , 

Output: class ify word as correct word or misspelled word 

Start 

I. Calculate a hash value for the input word I Word and ass'g I ' d Hid _ ln o m cx_ nu 

2. If the word at the slot H[H_lndex]= 1_ WordJ/ lookup 

Do nothing lIthe word is valid 

Else 1/ the input word doesn't exist in the root word dictionary 

2.t.Cali MorphologicaL Analyzer_ component (I_Word) 

2.2.Get root words with affix list from morphological analYler componcnt 

2.3.Calculate a hash value for the root word R_ Word and assign to index HJndex 

lfH[H_lndexJ= R_ Word 

If (Correct_affix_list (R_ Word» then 

Do nothing 1/ valid (derivated, inflected or compounded word) 

Else Call Error_Correction _Component (I_Word) 

Else Call Error_Correction_ Component (I_Word) 
, , , , , , 

: END 
~------- ---- ------------- -- ------------------------------ -- -- -- --- --, 

Figure 5.3: Algorithm for Error detection component 

We adopt the Hunspell [85] hashing algorithm for lookup. As discussed in Section 2.5 .1 Hashing 

is a we ll-known and effic ient lookup strategy. If the word stored at the hash address is thc same 

as the input string, there is a match. However, if the input word and the retrieved word arc nol 

the same or the word stored at the hash address is null, the input word is ind icated as a 

misspell ing. The random-access nature of hash tables eliminates the large number of 

comparisons required for lookUps. 

Morphological Analyzer component 
Thc task of this component is to accept a list of words from error detcctk>n component and then 

decompose each word into root words and affixes (based on their signature) and then pass them 
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to the error detection component. To develop an algorithm fo r Ihis component, we: first rc:vicy,ed 

a research work by Assefa [69) (Morphological ana lyzer for Afaan Oromo texl). I-Ie used II 

machine learning approach. First he trained the system with thousands of words, aod then he lei 

the system to perform a morphological analysis. Since we arc using a dict tonnry k>okup with 

morphological rules to develop AOSC system, we arc forced 10 develop our own knowledge 

based morphological analyzer algorithm. The proposed morpho logica l analyzer algorithm is 

depicted in Figure 5.4. 

-- --- --- ------ ------- ------ --- ------ ---- ------ ---------- -- --------. 
In pu t: word '_Word from Error detection component 

Output list of affix and root words 

Start 

I. Scan input word from right to left and left to right to look fo r va lid suffix Bnd prefix 
For each va lid suffix in I_Word st rip them and store result in a bulTer 
For each valid prefix in I_Word strip them and store result in 3 bulTcr 
I/pass list oj affix and stems to the error detection modll/e 

Relu rn root and affix 
Ifffthere is no valid suffix and prefix 

2. Scan input word from left to right and right to left Bnd then look for a possible rools 
For each va lid roots in I Word strip the root and store result in 3 burrer 

I/pass list o/possible roots (0 the error detectiQII module 
Ret urn root and affix Ilvalid roots and invalid affix 

, 
END : , , 

, ' l __ _______ _____ ____ __ __ _ _ __ __ _ _ _ _ _ _ __ _ __ _____ _ __ __ __ __ --- - ------- - . 

Figure 5.4: Algorithm for Morphological Analysis 

This algorithm (F igure 5.4) makes use ofru 1es Slored in the knowledge base 10 strip 3 given word 

into its root words and affix. In this process, each individual word is scanned from right to left 

(and right to left) in the affix fi le and rool word dictionary. Upon finding a valid affix, it is 

stripped from the word. However, the exact affix stripping is possible only for a correctly spelled 

word. In the case of misspe lled word, as there is an ambiguity as 10 whether the error exists in 

the root or affix, only probable affix st ripping can be done. 
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To illustrate how the error detection and morphological analyzer works, consider the unknown 

word bishaaniin ' by water'. The error detection module will fi rst check if bishaaniin is found in 

the root word dictionary. Since it is not found in the dictionary, the system cannot automatically 

say that it is misspe lled, fo r it may be inflected. derivate<! or compounded. Then the error 

detection component w ill call the morphological analyzer. To determine if Ih is word is 

acceptable, morpho logical analysis will be done. The morphologica l analysis algorithm will first 

scan from the right to left and left to right to search for a valid suffix and prefix. Since I-Un! is 0 

valid suffi x, the morpholog ical analyzer component will strip I-iinl from bishaaniin and rctums 

suffix I-Un! and unknown morpheme bishaan, Now the error detection component cheeks the 

unknown morpheme bishaan for its presence in the root word dictionary, Since il is found in thc 

root word dictionary, the system cannot automatically say bishaaniin is a valid word, for the root 

bishaan may not be inflected or derivated fo r the suffix I-Hn!. Finally. 10 determine if the 

unknown word bishaaniin is an acceptable word, all the rules required to append suffix I-U,'; 

will be checked in the affix fi le (e.g. any nouns ending with consonant 'n' can append suffix 

I-iinl). Now the error detection component will recognize bishaaniin as a valid word, and no 

funher processing is needed, The same process will be done for a misspelled word. 

Error Correction component 

Th is component performs two tasks. First it accepts the pairs obtained after affix str ipping in 

morphological analyzer from error detection component to classify thc errors inlo onc of the 

fol[owing classes: 

• Valid prefix, invalid root, and invalid suffix 

• Val id prefix, inva lid root, and va lid suffix 

• Valid prefIX, va lid root, and invalid suffix 

• Invalid pre fix, valid root, and valid suffix 

• Invalid prefix, valid rool, and invalid suffix 

• Invalid prefix, invalid root, and valid suffix 

• Invalid prefix, invalid root, and invalid suffix 

• Va lid prefix, valid root, and valid suffix /! incorrect combination 
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After classificat ion, this component will make a probable correction to the misspe lled 

morphemes based on their error classes. A single erroneous word may be classified under two or 

more classes and each of the error is handled separately. For instance, in the case of a valKl 

affixes (prefix and suffix) and invalid root, the valid affix will give us the spec ific catcgoryof lhe 

possible root words. Similarly on find ing that the suffix is inva lid and rOOI is val id, valid rool 

will give us the specific category of the possible words. Then using the replacement rule and 

Levenshtein edit distance (LED) possible correction will be done. The general algorithm of our 

error correction component is depicted in Figure 5.5. 

- - ----- - -- --- -------------- --- ---- -- ---- -- --- ---- ---- - ---- -----~ 
Input: list of morphemes M from error detect ion component 

Output: List of valid stem and va lid affix 

Start 

E,d 

Accept M from error detection component 

Ident ify the ir error class 

Apply replacement rule 

Call Levensthein_Distance /I to get nearest matches of the morpheme 

Make a correction 

_ _ - - - - - - - - - - - - - - - - - - - - - - - - - __ - - - __ - - ________ - - - - - ____ - - - - - - - _ •• 1 

Figure 5.5: Erro r correction Algorithm 

Rules in the knowledge base and LED techniques have been used for error correction. The less 

. . ...., th strings to eaeh other (details or the edn distance between two strmgs IS, the more simi ar are e 

Levenshlein edit distance was given in section 2.6, 1.1). The pseudo code ror LED that lakes IWO 

, h d' I between them is given in strmgs., s of length m. and I of length n, and computes I e IS ance 

Figure 5.6 . 
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r----------:--~---------------------------, Jnt Levenslhem_Dlstance (char sll..m), char tl1..o» - - - - ---. - - - - - - - - -- - - - ~ 

/I d is a table with m+ I rows and n+1 co lumns ' 

Declare int d[O .. m, O .. n] 

For i from 0 to m 

d[i, 0] :: i 

For j from I to n 

d[O, j] :: j 

For i from I to m 

For j from I to n 

Ifs[i] : tUJ then cost : 0 

Else cost = I 

d[i, j] := minimum( 

d[i-I , j] + I, II deletion 

d[i, j-I] + I,// insertion 

d[i-I , j-I ] + costl/ subst itution 

, ) 
_m~~ : 

" - ' --- ---- ---------- --- ---- ------ - - - - - -- ---- --- ------ - -- -. -- - -- -~ 
Figure 5.6: Pseudo code or LED 

Morphological Generator component 

This component will be called to put together the corrected parts (morphemes) from thc error 

correct ion component to re-build the complete word form. In add ition, based on the rules in the 

know ledge base it detennines the various words that can be generated from a given valid 

morphemes. This component is again used to correct and generate suggestion for those errorS 

resulted from va lid root and valid affix (invalid combination of roots and anb;cs). I f no 

candidates can be found after error correction and morphological generator. no candidates will be 

generated. 

To develop the morphological generator algorithm. it is worth to consider the work of Abcbc 

[75). He used the ru le based approach to develop a protot)'pe named 1I0RSnSAA 

'morphological synthesizer'. His algorithm takes the valid input siems of either verbs or nouns.. 
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and then output all the possible word forms. But tne input to our morphological component is nol 

only Ihe stem. It can be any valid morphemes (i.e. it can be a suffix, a prelix, a root word or 

combination of them). Taking this into account, we proposed a new knowledge bastd 

morphological generator algorithm fo r Afaan Droma, which takes any combination of morpheme 

(5) as the input. The concept fo r generating a word fonns from a single stem is taken from 

HORSIISAA [75]. The detail of AOSC morphological analyzer component algorithm is depicted 

in Figure 5.7. 

------ -- ----- ------------------------- -------------------- -
: Input: any valid morphemes from error correction component , 
: Output: list of correct words , , 
I Start , , 

, , 
: End , , 

1. Get input root (or stem) or affix 

2. If only root (or stem) is given 

IdentilY the root word class 

Generate word fonns according to the root word class 

3. If on ly affix is given 

Generate word ronns having this affix class (or nag) 

4. If both root words and affixes are given 

IdentilY root word or affix class 

If the root word class matches the given affix 

Append affix 

Else take root word to step 2 and affix to step 3 

Return 

~~~~--­ ------- ----------- -------- ----- ------------
Figure 5.7: Algorithm for Morpbological geDeralioD 

----------

Th
· ffix as an input then it identifies 
IS word form generation algorithm takes root (or stem) or a • . 

he . tJi SlO generate a valid word form. 
I class of each root words and retrieves corresponding a Ixe 

-
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providi ng and Ranking Suggestions 

I'\.vo .. the process of error correct ion and morphological generation was done the _ ' 
VI....... , 11( .... step IS to 

provide and rank suggestions for the detected error. Hence upon detect ing the error, the user ..... ill 

be provided with a list of probable correct words which the user can select to update I~ 

misspelled word. It may also be possible that the correct word expected by the user may nOI be 

listed in the suggest ions; if there is no poss ible root word and affix, The algorithm for ranking 

suggestion is depicted in Figure 5.8. 

-- ---- --- --- ---- ------------ --- -- ------ --- -- --------- ----- ----- -

, 

Inpul: list of words L_ Words (suggestions) 

Outpu t: Top N ranked words (suggestions) 

Start 

Accept L _Words from morphological generator component 

If the suggest ion is fo rmed by app lying replacement rule on L_ Word 

Set its rank to I /ltop 

Else 

Call Levensthein Distance 

If two or more suggestions have the same LED 

Call Charactt:r_Distancel! simi lar_letters 

Rank the suggestion list!1 by Character_Distance 

Else 

Ran k the suggestion listll by LED 

Order the list in ascend ing order of their rank 

Display N words from the Jist 
• • : End 

_ _______ _ _ _ _ __ _ _ _ 1 

~ -- -- - - --- -- ---- ------ - ---- - -- - -- -- - - - ---- -- - - ~ 
Figure 5.8: Algoritbm for ranking suggesUon 

H d' ) replacement ru le in the affix 
CTe (Figure 5.8) we used keyboard layout (i.e. character !Stance , 

me (sample replacement rules are included in Appendix D). and LED {77J to rank the 
, ha an-type metric to measure the 

suggestIOn. The character distance method uses a Pyt gore 
d' . ion based on the QWERTY keyboard 

IStance between a misspelled word and a poSSIble correct • 

layout [78] , 
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The QWERTY keyboard is represented as two-dimensio I . . . na arrays as shown 10 Figure 5.9. The 
suggested word wIth the shortest distance to the misspelled ' d ' 'd "'or IS cons I ered as the best 
suggestion. 
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Figure 5.9: Two-.dimensional representalion or QWERTY Kcyboa nJ 
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According to the Euclidean distance fo rmula, the distance between two points in the plane with 

coordinates (x, y) and (a, b) is given by: 

disl «x, y), (a, b» = J(x a)' + (y b)' (5, I) 

For example, based on the character distance chart in Figure 5.9, the distance between w Ioc:ucd 

at (0, 1) and n located at (2. 5) is 4.47 and the distance between n located al (2, 5) and m located 

at (2, 6) is I. This indicates that there is highest probability to mistype n as m than w. 

If the erroneous word is corrected by fu les in the replacement table. word rormed by this rule 

will take the top rank in the suggestion list. Ir two or more possible words arc generated using 

the rcplacement ru le, the top rank would be given to the onc with the smaller LED. Character 

distance is considered only ifthere are words having the same LED. 

To illustrate how this component works, consider the misspe lled word hindeemi. This word cno 

be analyzed into the rollowing pairs: valid prefix bin 'don'I' and va lid rool deem· 'go' and valid 

suffix -i. We have the following rules in our knowledge base: 

1. Any verb stern end ing with consonant m can append suffixes ~t-a,·i, -u, -Ii and the 

like without any criteria. This ind icates that deem; is a correct word. 

2. After appending suffix like -e, -a, -0, -Ii etc any verb stem ending with consonant m 

can also append prefIX hin-. This indicales that hi'llleem; is incorrect combination. 
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In this case, Ihe morphological generator will generate t . . . 00 many suggestIOns. Oy considering Ihe 
error IS because of prefix, words like deem; deeme tl d 

• • J , eemll, temte, dum/un; and the like may 
be generated for suggest ion. Agam by considering the erro . L. _ _ r IS ~"\;ause of suffix I-V. words like 
hindeeme, hindeemti, hindeeme, hindeemu and the like rna be . . y generated for suggestIOn. The 
same process IS done for the foot word. Listing and displaying II .h 'bl . a e POSSl e suggestIOns to a 
user makes confusion, hence ranking and trimming o[ , ugg"'I0· . eded T bl n IS nc . a c 5.1 shows the 

number of ed it operation required to convert misspelled word h,·.·· I d'd utem to can I ale word . 

Table 5.1: LED required rOf converting hindecmi to undidlite words 

Candidate word Insertion Deletion Substitution Transposit ion Total 

deemi 3 3 

deeme 3 I 4 

deemte I 3 I 5 

hindeeme I I 

hindeemti I I 

hindeema I I 

hindeemu I I 

As shown in Table 5.1, the LED of the first three words is higher, thus they are trimmed and the 

last four candidates will be se lected fo r ranking. Since all of them have sa me LED. another 

criterion is needed to rank them. As observed from Afaan Dromo spelling error pattern analysis, 

the probabil ity of making insertion and omission errors are higher than the other types (sec 

Section 4.3 fo r details). Thus, if two or more words have the same LED we give the top rank fo r 

insertion and omission errors, for this reason candidatc word hindeemli will rank number I. 

Now it 's time to consider keyboard layout to rank the three words left . They differ from the 

erroneous word by one character, so we need to find the distance between the last dUlf3ClerS of 

misspelled word hindeemi 'r and the last character of all the other three words. 

Based on their score in Table 5.2, the onc with the smallest character distance will be ranked 

firSt. Finally fo r the misspelled word hindeemi, suggestion provider and ranker will return 

bindeemli, hindecmu, hiodeeme and bindeema as the top four suggestions. 
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Table 5.2: Ranking suggestion for hinderm; with their character edit distanct 

Candidate word Last character Distance from i (0. 7) Rank 
hindeeme e (0, 2) 5 3 
hindcema a (I , 0) 7.07 4 
hindecmu u (0, 6) I 2 

In table 5.2, ranking was started from 2 Ihis because rank number I is for the candidate word hlndetfnlll 

Word Assembler component 

The task orthis component is to combine correct word with the one flagged as misspelled word , 

5.5. Prototype Development 

Deve lop ing a prototype to demonstrate the validity and usabi lity o flhc proposed AO -'C is one of 

the objectives of this work. The prototype of Araan Oroma spell checker is developed using 

Microsoft Visual C# 2010. The snapshots of AOSC arc depicted in Figures S. IO - 5.13. The 

input for the prototype is a text fil e. The text file can be browsed or l)1>Cd directly into the 

textbox. The system will check the spelling automatica lly after the space bar is pressed or 

automatically after the saved text file was exported. A word that the system believe 10 be 

misspelled is nagged with a wavy red underl ine and suggested corrections arc availab le in a pop_ 

up menu after right clicking on the erroneous word . ,-
Alaan Oromo spell checker 

(To'ataa Qubeeffannoo Alaan Oromoo) 

Figure 5.10: Snapshot of Afaa n Oromo spell eheckcr 
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Alaan Oromo spell checker 
(To'alaa Qubeeffannoo Alaan Oromoo) 

-
----

Figu re 5.11 : Snapshot of AOSC while sptll chct king and gt ntn lin g lI ugltcstions 

Alaan Oromo spell checker 
(To'ataa Qubeeffannoo Alaan Oromoo) 

Figure S. 12: Sna pshot or AOSC aflcr changes IR effected 

In the suggestion popup menu (Figure 5. 11 ) there is a context menu item named Oplions 

(dirqala) at the end. Clickin g it will display a ncw window shown in Figure 5.\3 . This windo\\' 

has the following main buttons and fu nctKms: 

• Ignore once: Ignore once will mark thai pan as spelled right (C' \'cn if it rca lly isn't). but if 

you make the same mistake a second time it will warn ),ou on the second ooc. 

• Ignore All : Ignore this word throughoullhe document. It will assume thaI you misspelled 

that word intentionally. 

• Add to dictionary: Include this word in the program's dict ionary. 

• Change: Usc the suggested word to replace the detected enor (single Vo ord). 

Design and Implementation of AfMa n O romo Sptll Chtcktr 
r agt 6J 



'. 
1 

I 

\ \ , 
1 

't, . ' 
~ I\ 

." 

." 

I 

~ OroSpeliChoKllc -. ..--~ 

c:aOfT1a. 
c.~. 

c omad .. 
"""aez 

I 
I 
I 
I 
I 

-"""" (1""" ......... , 

...,...,. 
( I"", .. IutI-.dI'OU) 

NJQlo ()ocx~ 
fC1~ kt.,) 

a.--.... , 
00 •• 

"",' 

Figure 5.13: Snapshot ot AOSC SuggtStlon window 

Besides OUf main object ives, we have also inlcgmlcd OUf system (i.e. the knowledge base) into 

Apache OpcnOffice 3.4. 1 windows version for demonstrat ion purpose . Apache OpcnOfflCc is 

the leading open-source office software su ite ror word processing. spreadsheet . presenl0l tons. 

graphics. databases and morc. Figure 5.1 4 shows screen shots laken from OpcnOfficc .... ord ofter 

integrating our system; while spell check ing II sample leXI. The diffcrcllI sequential sleps ..... e 

followed to integrate AOSC wit h Apache OpcnOffice 3.4 .1 is given in Appendix H. 

I r.~","!,::· ~ .. 
~ ,~ -- ,- ,- ,-- - 0 

'C!lg ~ .ril~~ "~w~n. •• e t:.:J - u .'" ... • 0 '-'- 0 
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Figure 5.14: Sc~cn shot of OpcnOmce 
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CHAPTER 6: Experiment and Discussion 

In this Chapter the perfonnance of AOSC, which was described in Chapler S, is cvaluoled. To be 

able to obtain valid results and to interpret them properly, it is imponnnl io know how to evaluate: 

a spell checker system in general, i.c. how to measure the pcrforrnnnce of n spe ll che ker 

applicat ion. Therefore, some general methods for cva luOI ion are described in celio" 6.1. After 

that, the dataset used for the experiment and results of the experiment nrc: described Dlld 

discussed in Section 6.2 and 6.3 respectively. 

6.1. Evaluation Criteria 

The designed system must be eva luated to lest lIS cil'l .. 'Ctivcness. In the Inernturc, SC\'cml mclh ds 

for eva luating spe ll checker system have been proposed. A work done by Kuldch 181 proposed 

lexicon size, test set size, correctKlO accuracy for single and mu lt i error misspellings. and type of 

errors as evaluation criteria for a spell checker tool. A research work by I)nggio el nl. 186) 

recommend error rccall, prec ision reca ll, intcrface and suggcstion adequacy for the eva luation of 

a spell checker algorithm. The above stated eva luation metrics were used in differe nt re5Carch 

works of spe ll checkers (3, 36, 59, and 87). Some of the measurements arc subj«tivc and 

difficult to evaluate. In this researc h work, morc directly measurable p.-.rameters such as lexical 

reca ll, error recall, and precision arc used 10 eva luate the devcloped system. We will follow 

Pagg io el al. [86] in the ir defin itions of the metrics. 

Valid words are words thaI arc part of the language, or which nrc sanctioned by the la nguage 

system, in contrast to invalid words, which are II0 f part ohlle lex icon or Innguagc syste m. When 

the spe ll ing checker claims a word is invalid. it is flagging that word. while accept;"g n word 

means treating it as valid . Accordingly, aflog is an indicat ion thOl a word has been tagged It 

in va lid . Suggeslions are alternat ive valid words that arc offered to the u.ser 10 repbec a flagged 

word with. With this information, it becomes intuitively clear wMl lhe mclrics actually measure. 

Lexical recall indicates the percentage of valid words correct ly acccpted by the .spelling checker. 

Error recall gives the percentage of inval id words correctly flagged and Precij;o ll gi\ e$ Ihe 

percentage of correct flags (correct ly found invalid words) over all flags by the spelling ched :er. 

Description about how these measurements arc ealculntcd is given in Table 6.1. 

Des ign and Implementation or Araan Oromo Spell Ch«kt r 
r age 65 



' ~ . 
\1 
'I' 

\ .. ,' , 

Table 6.1: Evaluation metrics 

Metric Measurement Method 

Lexica l Recall II ofvalid words accepted I II of valid words 

Error Recall Hof in valid words flagged I II of invalid words 

Prec is io n lIof correctly flagged invalid words III of words flagged 

It shou ld be noted that the eva luation methods presented in Table 6.1 works best in a cont rolled 

environment (i.e. where the test data and the knowledge b..1SC arc from the s:tme or a simil"r 

source), but this work was evaluated on two dataset randomly taken from difTerenl sources (i.e . 

the dataset is different from the one used for constructing the knowledgc base). '111C I1r51 dfll:lsct 

is prepared to eva luate the number of va lid compoundcd, inflectcd and derivaled Afnan Oromo 

words accepted by the system. The second dataset is prepared to evaluate the number of va lid 

words accepted by the system (i.e. coverage test). In the next section. dala eollcct ion tcchnique 

and process on the sample data is briefly discussed. 

6.2. Datasets used 

Dataset A 
In itially. we randomly selected sentences (and paragraphs) from stories and papers which 

produced 652 1 words. To trim repeated words and select dcrivalcd. inflccted and compounded 

words Alchemist 2.0 has been used. This reduced the 652 1 to 1464 unique words including 

compou nd words, words with derivational morphemes, in nccted words, and functional words. 

The word lists are printed out and then manually spe ll checked by thrce postgraduate linguistic 

students. We found that, the data sct consists of 1385 correctly spe lled words and 79 misspelled 

words. In addition, we manually generated and added some innection and derivation variants for 

the root word deem- ' go', qab-'ho ld ' and bed-'know'. a total of 347 unique words to the 

dataset; making the total words 1811. 

The main focus on this test has been to eva luate the number of valid inncctcd. derivatcd and 

compounded Afaan Oroma words accepted by the system and the number of correctly fllgged 

in valid words by the system. A summary of this sample data is shown in Table 6.2. The dataset 

was opened using AOSC too\. All words claimed as misspe lled by the spe ll checker are 

automatica lly flagged . 
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Ta ble 6.2: Summ ary of Da tasel A 

Description No. 

Total count of words 1,8 11 

Total valid words 1,732 

Total misspelled words 79 

All type of spelling errors discussed in Section 4.4 such as omission, addition, analogy, 

substitution, transposit ion, spacing, inconsistency and unclassifiab le error types 3rc observed in 

the dataset A. 

Resu Its of Dalaset A 

In th is sample, out of 1,732 va lid Arann Oromo words, 1,535 wefC accepted as a valid word: 197 

words were flagged as misspelled words by the spell checker. Out of the 197 incorrectly flagged 

words 186 words are due to the absence of root word in the lexicon, whereas the remaining I I 

words have root words in the lex icon, but the spelling checker did not recognize the inflect ion. 

derivation and compounding ru les (incomplete ru les in the know ledge base) . On the other hand , 

all the 79 misspelled words were fl agged. Thus the total words nagged become 276 (i.e. 

incorrectly flagged valid words plus correctly nagged inva lid words) . The result ofsnmple datil 

sct A is shown in Tab le 6.3. 

Tablc 6 3' Evalu ation rtsult of sa mple A . . 
Descri ption Value 

Lexica l reca ll (1,53511,732)'1 00 - 88.62% 

Error reca ll 
(79179)'100 - 100% 

Prec is ion 
(791276) ' 100 ~ 28.62% 

In add it ion to the three metrics d iscussed in Table 6.1, we could also test how the spell checker 

generates a preferred suggestion. Idea lly, the spell checker should only suggest the prc:fc:rred 

correction ( i.e. maximum five suggest ions). However, in practice it is sometimes unclear whal 

the preferred correction really is. For example, what should be the correct ion for the invalid 

word: "d eem"? It could be "dcemi", "dce mc", or "dce mu", among possible others. It depends 

ked h · pelled word and then check \\ hcthcr a right 
on the context . However, we only 100 at eac mIss 
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suggestion is generated or not based on OUf algorithm (i.e. without considering the contc),1) . The 

test shows that for all the flagged words a possible suggestion was generated. Sample uggc:stion 

generated fo r a misspelled words in the dataset A are included in Appendix F. 

Dataset B 
To perform the second experiment, paragraphs from news papers belonging to several domains 

were selected. From these papers around 12,000 words including regular dictionary words. 

domain-spec ific terms, proper names., technical terminologies. acronyms. jargons. and 

expressions are extracted manually. Initia lly, those papers did not contain any misspellings; 

however, fo r evaluation purposes several words were arbitrarily changed, rcsulling in non-word 

errors in the text. These introduced misspe ll ings were approximate ly 1% of the originaltcxt; and 

thus, they are around 120 spell ing errors. The main aim of preparing this dataset is to tcst the 

lexicon coverage (i.e. the number of valid words correct ly accepted by the system). A summary 

of this sample data is shown in Table 6.4. 

Table 6 4' Sum mary of DataKt 8 . , 
Desc ription No. 

Total count of words 12, 000 

Total valid words 11 , 880 

Total misspelled words 120 

Resulls of Dataset B 
Spell checking the test data using AOSC tool resulted in 9,082 accepted valid words: 2798 

incorrectly flagged valid words and 120 correctly flagged misspelled words. As a result, around 

76.44% of correct words are accepted by the system and 100% of total errors were success full y 

flagged. Table 6.S depicts the obtained results. 

Table 6.S: Evaluation ~ull of Dala5tt 8 

Descript ion 
Value 

Lexical recall 
(9082111880)' 100 - 76.44% 

Error recall 
(120/120) ' 100 - 100';' 

Precision 
(12012918) ' 100 - 4. 11 % 
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Out of 2, 798 incorrect ly flagged va lid words, 1036 (37%) of Ihem arc country names. proper 

names, sc ientific words, instrument names, and sport Icam names Ihm was not found in our 

knowledge base. 37(1.3%) of the incorrectly flagged valid words have a rOOI word in the 

knowledge base, but they are incorrectly flagged due 10 coverage ofrulcs and except ional cases. 

6.3. Discussion 

As il is shown in Table 6.3 and Table 6.5, we have obtained 88.62% and 76.44% 1cxk:al recall, 

with dataset A and dataset B respectively. The error recall in both dataset is 100%. With linguists 

invo lved in evaluating the outputs of the system, we identified the fo llowing reOSOns as the 

factors that degrade the performance of AOSC: 

• The lexicon used in this work was not full-fledged; as a resu lt somc of tile corrtC1 words 

are flagged as incorrect word. Afaan Oromo has many dialects. So if most of them nrc 

considered, tremendous number of va lid words can be recognized by the system. 

• The deve loped affixation rules were not exhaustive to Kientify cach in neeted and 

derivated Afaan Oromo words. For instance, if the second consonnnt of \'crhal stem is 

double, then reduplication of the stem takes the fo rm CVCV, where Consonant and 

Y=vowel, pattern rather than CYCCY pattern unusually. For example, bu" eo'st! ' he 

wrote' becomes babarrf!esse 'he wrote several time' rather than hahburreesst!. 

• Affix rules were integrated based on their POS and signature; however. some of the 

lexicon entries have no POS. Hence, affix rules were not integrated to those words. 

• There were some exceptions fo r affix rules of having the same POS. Thus, these 

exceptions needed to be identified and adjusted . For instance. Ihe suffix I-eenyul in Ihe 

class V3 of root words works perfect for roots like qa))..+-ecnya"" qobeen)'a, but it gives 

fi d IOke bad +--ecnya::: badeenl'a ralher it should be budua or buduu, no sense or root wor I - "J , 

Design and Implementation or Araan Oromo Spell Ch«ker 
Ptgt 69 



I ~ ' ~ I 

I ~ I. 
I " 

I •• 

II 

Generally, from the result and the feedbacks and suggestion of the linguists who evaluated the 

system, we observed that enhancement in the knowledge base will impro\'c the accuracy of lhc 

system. Considering our knowledge base lexicon size, the obtained result is satisfactory. 

Moreover, we have observed that morphology in Afaan Oroma is complex, so it needs 10 be 

stud ied lingu istica lly to promote the computational aspect. 
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Chapter 7: Conclusion and Recommendation 

7. 1. Conclusion 

Since most computers work in English and other few language. people ho d k .... w 0 not spea such 

languages are either forced to access computers in those languages or will not use them at all 

This has its own impact on the socio·economie development of that country. In order to increase 

the usabi lity of computer dev ices and let people express their ideas using their native languages. 

these devices need to be localized into native languages. Hence, it is necessnry 10 do reseurch to 

alleviate these problems. Spell checker is one potentia l candidate to this. Use of computers fi r 

document preparation is one of those many tasks undertaken by different orgunizut ions. 

Introducing texts to word processing tools may result in spelling errors. Hence, text processing 

application so ftware has spe ll checkers. Integrating spell checker into word processors reduces 

the amount of time and energy spent to find and correct the misspelled word . Howcver. these 

too ls are not available fo r Afaan Oromo language. 

This study proposed the designed and implementation ofa system called AOSC to solve AfMn 

Oroma word spe ll checking and correct ing problem. The system is designed based on a 

dictionary look·up with morphological rule based (i.e. morphology based spell checker). To 

develop morphology based spe ll checker, the knowledge of the language morphology is 

necessarily required. Accordingly, the morphological properties of Afnan Oromo have been 

studied. Morphological generation was used to derive all ihe possib le inOcclion and derivation 

of a given root word. And also simple compounding rules arc included. Our knowledge base 

contains more than 4000 lexicons. The knowledge base is developed using Hunspe ll standard . 

Most of the algorithms are designed from scratch as thcre arc no previously designed algorithms 

for this purpose based on the morpho logical properties oftbc languagc under consideration. Out , 

some of the algorithms are adapted from the research work of other languages. 

In order to test the perfo rmance of the algorithms developed, two experiments ha\'e been 

conducted. The system was eva luated using twO dataset s. The ftrst experiment was conducted in 

a corpus of size around 1,811 words. The result shows 88.62% lextea t recall, 1000;. error recall. 

and 28.62% precision. The second experiment was conducted in II corpus of size around 12, 000 

tokens. The resu lt shows 76.44% lexical recall, 100% error recall, and 4.11 % precision. 

Design and Implementation of Maa n Oromo Spell Chcck~r 
Pagf 11 



~ I 

I 

.. ,l l l, , 

'I II 
~'t'I. ' h' 

.. 

In general, given diffe rent constraints, it is possible to say that Ih fc " , e per ormance oblamed I good 
compared wit h resource rich languages. We hope that this research fc paves a way or a full fledged 

Afaan Oromo spell checker for those who want to pursue conducting rcscarch in nntuml 

language process ing fo r Afaan Dromo language. 

7.2. Contribution of the work 

The main contributions of this study are summarized as fo llows: 

• The first spell checker for Afaan Dromo , 

• Deve lopment of a new morphologica l analyzer and morphological generator algorithm 

that works with both the correct and incorrect words of Afaan Dromo. 

7.3. Recommendations and Future Work 

Spe ll checking and correcting have become a part of everyday life for IOOny's ge nenuKm. 

Whether it is working with text editing too ls, such as MS Word. or typing text messages on onc's 

cellular/mo bi le phone, spell checking and correcting arc an inevitable part of the process. 

Developing a full- fledged and effic ient spe ll checker needs a group of experts from linguistic 

and computationa l perspectives. Additiona l features can be added or the exist ing component s of 

our spell checker can be modified in order to increase the performance. Spell checkers arc vital 

components for any word processor applications and search engines. They arc helpful in 

detect ing and co rrecting spelling errors. 

The deve loped AOSC has portions that require further improvements that we want to 

recommend them as future work. Hence, the following recommendat ions arc made for funhcr 

research and improvement: 

• Th I 
' four know ledge base is small One can increase the lexicon size. 

e eX lcon coverage 0 • 

and add more word fo rmation (i.e. inflection, derivation. and compound ing) rules to the 

knowledge base to obtain a desired result. The prefixes and suffixes are almost 

exhaustive. There may be some prefixes. suffixes and rules miss ing during manual 

'I ' d th n be added to the knowledge base rules. Dia lcct consideration is 
campi atlon, an ey ca 

crucia l to have more word formation rules. 
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., Class ification of root words into their POS and inflection and dcriv81 km clilSs W35 done 

manually. Interested researcher can also integrate POS tagger deve loped by Others into 

the system. 

• Our spell checker only detects and corrects non-word errors, bul Afaan Oromo 

documents also ex.hibit real-word errors. Hence, there: is a need for detect ion and 

correction of real-word errors that can occur in Afaan Oromo documents. 

• The AOSC developed involves many things start ing from linguistic study to developing 

the prototype. As the ambition of lhis research is to develop a computational framework. 

the program does not aspire 10 account for the algorithm execution time. Enhancing the 

algorithm to minimize the time complexity is also an interest in future works. 

• The morphological processes considered in this thesis are inflections. derivations and 

simple compounding rules. Further linguistic study should be considered to inc lude infix. 

circum fix and complex compound ing. 

• The system developed in this research work is just a prototype. Any interested person can 

do a project to develop a full-fledged Afaan Drama spell checker that can be easi ly 

integrated into different Afaan Dromo NLP works like; 

./ Grammar checkers 

./ Search engines 

./ Machine trans lation 

./ Dictionaries and the like 

• There are a lot of holes in the linguistic study of the language in general. and in 
" " I L" " IS should give due considerat ion to morphology and phono logy In partlcu ar. mgUls 

intensively study the language structure and make it available for usc in dC\'eloping 

computational models. 
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APPENDICES 

Appendix A: Verb Innection 

Some inOection variants of lhe root word deem-Igo' 

deema 16 deemte 31 deemneerra 46 hindcemt3 

2 decmaa 17 deemtee 32 deemneetu 47 hindeemtaa 

3 deeman 18 deemteef 33 deemteettaa 48 hindecmtan 

4 deemanii 19 deeml i 34 hindeema 49 hindccmtun 

5 decme 20 deemtii 35 hindeemaa 50 hindccrntcc 

6 deemee 21 deemtiif 36 hindeeman 51 hindccmtecf 

7 deemna 22 deemtu 37 hindeemanii 52 hindccmti 

8 decmnaa 23 deemtuu 38 hindeeme 53 hindccmti 

9 deemnaaf 24 deemtuuf 39 hindeemee 54 hindccmliif 

10 deemneef 25 deemu 40 hindeemna 55 hindcemlu 

II deemnu 26 deemuu 41 hindeemnaa 56 hidccmluu 

12 deemnuu 27 deemuuf 42 hindeemnaaf 57 hindccmtuuf 

13 deemta 28 deemeera 43 hindeemneef 58 hindccrnu 

14 deemtaa 29 deemeeraa 44 hindeemnu 59 hindecmuu 

15 deemtan 30 deemeeraaf 45 hindeemnuu 60 hindccmuuf • .. .. ~ . " 
Appendix B: Functional Words 

,," .. .- • 
* • • 

Afaan Oroma functional words (Jechoota maseenaa) • : ... 
15 ta'us 22 ishoo! • -.. ~ I inn i 8 akk> 

2 nu 9 gara 16 kanaafuu 23 claa! 

3 10 waa'ee 17 garuu 24 ajab! 
Isaan 

4 II irraa 18 yookaan 25 muu! 
na 

5 ishiin 12 Jala 19 ta'uyyuu 26 magan! 

6 ishii 13 wajjin 20 fi 27 uggum! 

7 Iseen 14 yagguu 21 hata'u malce 
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Appendix C: Affixation Rules 

Sample suffixation and prefixation rules in OUf Affix file 

#class N2 Nouns ending in short vowel and 'he last syllable and CO/UQfI{mlS like (/ r m) 
SFX N2 Y 9 .. 
SFX N2 a Ian [aeiou'][aeiou]la 
SFX N2 a Ii [aeiou'][ae iou]la 
SFX N2 a ran [aeiou'][aeiou]ra 
SFX N2 a ri [aeiou'][aeiou1ra 
SFX N2 a man [aeiou'][aeiou]ma 
SFX N2 a mi [aeiou'][aeiou]ma 
SFX N2 a ota [ae iou'][aeiou][lmr]a 
SFX N2 a olee [aeiou'][aeiou][lmr]a 
SFX N2 a olii [aeiou'][aeiou][lmr]a 

#class N3 two syllable nouns ending wilh short vowels Jun,jng end cOm'onollls {k, g. tI, r. h. II} 
SFXN3 Y 8 
SFX N3 a keen ["aeiou][aeiou]ka 
SFX N3 a geen ["aeiou][aeiou]ga 
SFX N3 a deen ["aeiou][aeiou]da 
SFX N3 a reen ["aeiou][aeiou]ra 
SFX N3 a been ["aeiou][aeiou]ba 
SFX N3 a neen ["aeiou][aeiou]na 
SFX N3 a ni ["aeiou][aeiou][kgdrbn]a 
SFX N3 0 a ["aeiou][aeiou][kgdrbn]a 

#classn N4 Nouns ending in "eessa, eeysa, eecila, eettii,eeylii, ess(J " 
SFX N4 Y 12 
SFX N4 eessa eeyyii eessa 
SFX N4 a i eessa 
SFX N4 eeysa eeyyii eeysa 
SFX N4 a i eeysa 
SFX N4 eecha eeyy ii eecha 
SFX N4 a i eecha 
SFX N4 eenii eeyyii eettii 
SFX N4 a i eett ii 
SFX N4 eeyt ii eeyyii eeyti i 
SFX N4 a i eeyti i 
SFX N4 essa eeyy ii essa 
SFX N4 a i essa 

# Verb stem prefix (hin) 
PFXPI Y I 
PFX PI 0 hin 
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Appendix D: Replacement Rule 

Sample replacement rules taken from Affix file. 

/I REP stands for Replace 

For instance, REP aa a means rep lace aa by a if the erroneous word contains I. 

REP ph f 
REP f ph 
REPdh d 
REP d dh 
REP ch c 
REP c ch 
REP ny n 
REP n ny 
REP a aa 
REP aa a 
REP e ee 
REPee e 
REPi ii 
REP ii i 
REP 0 00 
REP 00 0 

REP u uu 
REP uu u 

\ REP ds ch 
REP dhs ch 

j REP dhn n 
REPtn nn , , 
REP xs cc 

, I REP tdh dh 
REP dhtt 
REP Isch 
REP b, bd 
REP st ft 
REP dt dd 
REP In II 
REP gt gd 
REP xt XX 
REP ct cc 
REP jt jj 
REP m rr 
REP sn fn 
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Appendix E: Dictionary 

Samele root words with theirafSjssible affixat ion class 
AbarraaJNI b tol W2VS hOlWiJF iw2V/ ~dihll"W1v2 
AbbayyaaJN 7 baatlFIW2V4 bokokIFIW2VI follFIW2V6 
BaacaaJN7 baa,amlFIW2VI boo'IF IW4 f~amlF1W2VI 
Ca~aaJN 7 babollFIW2V6 booji'IFIW4 f~anlFl \V2VI 
D,b~,aJN7 b,dlFl\V2V3 booolFI\V2VI ibsIF llV2V5 
FayisaaIN7 badhaasIFlW2V5 boontIFlW2V4 ibnmlF I W2V 1 
GaaddiseeIN7 b,dinlFl W2VI ce'IFIW3 ibsanlFl \V2V I 
labeessaaIN7 b,ffamlFIW2VI ceesisIFl W2V5 idIF IW2V3 
,anlFI W2V I bablFIW2V5 ceaIFl W2V4 ifIF IW2V I 
,,,IF IW2V7 bakkisIFIW2V5 ciccittIF l W2V 4 ifaajIF IW2Wl 
,d,emiF IW2 1 b~fIFIW2V I cichlFl W2V5 ifllTlF l Wl V7 
afIF IW2VI ballesIFIW2V5 ciibsIFIW2V5 iftIF IW2V4 
afadhlFIW2V5 banlFIW2VI ciiMI W2V4 ifteessIF l W2VS 
,farsIF lW2V5 baoaadblFIW2V5 ciisIF l W2VS ijaarlF l W2V7 
,f,dlFIW2V6 bar.dblFlW2V5 cimlFIW2VI lufIFtW2V I 
.f,eslF l W2V7 baxlFIW2V8 cimsIFIW2V5 1"ltIF I W2V 4 
. fuufIF lW2VI b,chlF1W2VI cimsanlFlW2Vl lumsha'/F IWJ 
.ga:rIF 1W2V7 b,ekkanlFl \V2V I cimsit1FIW2V4 laaqa.mIF l W2V) 

. ggaamIF I W2V I b,dlFl\V2V6 cio/FI\V2VI laatJF l W2V4 

. gurIF IW2V7 b,d,'IFIW4 cineIFIW2V5 labsIFl W2V5 

ajaa'ibJF 1 W2V3 b,dlaotIFl\V2VI ciniinlFIW2VI lagaolF I W2V I 

. j,jIFIW2WI b,doflFlW2VI cinqaotlFl \V2V I b.gatIFl\V2V4 

.jj«famlFIW2VI b,doMIW2V4 cirIFIW2V7 lakk,,'IF IW3 

.jj«slFIW2V5 b,enlF1W2VI ciramtIF I \V2V4 l~isIFlW2V 5 

ak,chlF1W2V I blifIF I W2V I cirtlF IW2V4 la1istIF 1 \V2V 4 

, ~alchlF1W2V5 biiftIFl W2V4 citIF IW2V4 mancbIF I \v2V2 

\ amanIF I W2V I bilbiL'F IW2V6 cooiagIFlW2V3 maqsIF IW2VS 

amanamlFIW2VI bilchaatIFl W2V 4 eufIFIW2V I marJF I\V2V7 

amanatlF 1 W2V 4 billiqlF I W2V8 euftIFIW2V4 turtIF IW2V4 

argitIF I W2V 4 biratIFl W2V 4 euqqaollF IW2V6 tusIF IW2VS 

aIi 'IF IW4 birmatIFl W2V4 c:wursIF I W2 V 5 tuttuqlF l W2V 8 

asaasfFI W2VS bitIFIW2V4 euublFl W2V3 tuuJ/Fl W2V6 

asirIF I W2V7 bi,aotIFl W2VI euubaotlF I W2V I abJIFIW2VI 

asitJF 1 W2V 4 bitamtIFl WIV 4 cuunfIFIW2V I xalollFl W2V6 

atoornIF 1 W21 bi,anIF I W2V I euupbIFIW2V8 xaxIFI \V2V8 

\ 
awwaallF IW2V6 bitatJFl W2V 4 da'IF IW3 xilllFl\V2V6 

I I 
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Appendix F: Sample misspelled words in the Dataset A 

Misspelled word Correct word (rrom Gloss 

suggestion) 

Vera Yeroo ' time' 

konkolataa konkolaataa 'car' 

nannoo naannoo 'environme nt ' 

sadarka sadarkaa ' rank ' 

dare daree ' room' 

addan addaan ' in di ffe rent way' 

kitaba kitaaba ' book' 

iddo iddoo 'place ' 

graafii giraa fii 'graph' 

ibs ibsi 'describe' 

othi otilti ' towards own se lr 

keess keessa ' in ' 

cicimo ciccimoo ' strong' 

iratt i irrani 'on someth ing' 

xiqoo xiqqoo 'smal] ' 

bareeffama barrcefTama ' text ' 

qopheesuu qophecssuu ' to make ready' 

qulqu luu qulqulluu 'clean' 

odeeffanoo odeeffannoo ' inrormation' 

fayada fayyada 'serve ' 

keni kenni 'g ive' 

dabauu dabaluu ' to add' 

hir' isa 'decrease' 
hirrisa 

buaa bu'aa 'profit ' 

.f .. afaan ' language' 

bal' inaan 'widely' 
ba ' inaan 
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Kitaaboota Kitaabota 'books' 

dabareee dabaree ' turn ' 

filaachuu filachuu 'to choosc ' 

feedhiin fedhiin ' by intercst' 

yoookaan yookaan 'or' 

tooraa toora 'order' 

caamisaa caamsaa 'may' 

beekune beekne ' kncw'(wc) 

na mam namni 'human '(Nominal) 

ibisi ibsi 'describe ' 

obisi obsi 'tolerate' 

dandaeess isu dandeessisu ' to enable' 

hangama hangam ' how' 

fakkaeenya fakkeenya 'example' 

yookaann yookaan 'or 

ffayyadu fayyadu ' 10 serve' 

yerroo yeroo 'lime' 

arriitii ari itii 'speed ' 

dubbishuu dubbisu u ' to read ' 

dandhabaa dadhabaa 'weak' 

qabxtii qabxii 'point ' 

injjifannoo injifannoo 'defeating ' 

atumtti atumti 'yourselr 

gorssa gorsa 'advice' 
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Appendix G: Sample Afaan Oromo word signalures 

Noun Signatures 

Class Nt : Nouns ending in long vowels. 

For instance, nouns such as aadaa, aorsaa, amontii, daandii, and haroo are grouped under thi s 

category. The suffixes oFthis class include: ·wwan,-iee, -n,· (iin,·dhllll, .dlUlon, .dluw/. and - Iii. 

Class N2: Nouns ending in short vowel 'a' in the last syllable and consonants like I, r, and m are 

of this category. For instance, wasiila ' uncle' and daa'ima 'child ' arc nouns oflhis class. The 

suffixes of this class include: -an, -i. 

Class N3: Two syllable nouns each ending in short vowels and having end consonants like k. g, 

d, r, band n are class ified here. For instance, laga ' river', and muka 'tree ' arc nouns of Ihis 

class. The suffixes ofthis class include: -een, -ni, -o 

Class N4: Nouns end ing in "eessa, eeysa, eecho, eettii, eeytii, essa, eensu" take the plural suffix 

by deleting these endings. Examples are ja/deessa 'monkey', hiyyeessa 'poor' , durUllii ' rich 

woman ' and bineensa 'wild animal'. The suffixes of this class inc lude: -eeyyii, -i. , 

Verb Signatures 

Class VI; Stems ending in letters/, k, m, n 

For instance, dat. adeem and akeek are verb stems of this class. The associated suffixes sct for 

this class is -na, -ne and -nu. 

Class V2: Stems ending in dh, h, apostrophe ('). 

The suffixes corresponding to this class are: -alini, -aehise, -aehisa, -aehisan, -ael/isle, -

. ... ala -alani -ale -aline -atte -al/U, - ottall, -alu achlsna, -ach,stan, -allllru, -anna, -anne, -annu, -, , , , , 

Class V3: Stems ending in b, d, g 

These phonemes have similar phonological characteristics in that they all are voiced groups, M,d 

. . [69 75] The associated suffixes set for thIs hence they behave sim ilarly In suffixation process , ' 

class is -do, -di, -dani, -de. -du, - eenya 
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Appendix H: Steps we followed to integrate AOSC with OpenOffice 3.4.1 

I. Insta ll Apache OpenOffice 3.4.1 

2. Zipp AOSC know ledge base, and then change its file extension to .0II (i.e. AOSC.OXI), 

which was a compat ible file type fo r Apache OpenOffice. 

3. Then add AOSC.oxt to Apache OpenOffice: 

Go to menu Tools> Extension Manager > Add, then locate AOSC.OXI, as ind icOI cd 
below: 

c;,,;, L I ..... I •• 

r.'! o .. c ........ ~ •• 
Jo ...... . Ie 
~ P I" . .... . . 

,j,.'iI ' '' ''9 
., VI " .. .. o 

• • C ...... "' ..... 
Go. T .. _ 1 M......, .. (C ,: _ • I 

." .... _ ... _ ... OSC ...... 

I) . . ....... .. " . .. .. ' ''PO' 
~'.(""'''''1 •• , ." ...... 

. 1 

l ... - - .. t ·._·,_#~ .. · .. .... :J 

- - ---- --~ 

~~~~~~!A?:_:20~ornoo SpeJI chec;k~r-o><t 
~ 

~ 
n . 

American Englhh Spell Checking 1.0 

A Engl i.h US di~ion.'Y 'or 000] 

Ii 

6dd ... 

4. Restart your PC, and then open OpenOffice 3.4.1. 

5. Fina lly configure the general settings. Go to menu TooIs>OptionS>Languagc~ 

Settings>Languages. Then select Afaan Oromo as default language as shown In the 

figure below, and then enjoy with it. 

Ddault languages for documents ----;:::::============r.a;) l"t Ddlult· Otomo _ 

el l Default · Hindi [-J 

-
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