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Designing Ellglish-Kambaatissata Bilingual Electronic Dictionary: Using Parallel Corpora 

Abstract 

The main aim of this study is to design English-Kambaati ssata bi lingual electronic 

dictionary using Engli sh-Kambaati ssata parallel corpora. Literature review has 

been made on Kambaatissata phonology and morphosyntax. Then, based on the 

knowledge on Kambaatissa ta morphology, the study adopted stat istical machine 

translation approach. To do so, fBMModell that is a word aliglU11ent model and 

widely used in work ing with parallel bilingua l corpora and which implements 

expect maxi mization algorithm has used. 

In general , 1194 Kambaatissata and Engli sh sentences were used from parallel 

raw text. The raw texts were collected from the English-Kambaatissata 

Constitution of the Federa l Democratic Ethiop ia ( 1995), a traini ng material for 

primary school mother tongue teachers and a Bibl e story book of children. A 

database of word alignm ent probabilities we re deve loped from the aligned 

sentences. These probabil it ies were used to select the translation of English­

Kambaatissata word and Kambaati ssata-English. After having the translation 

equiva lent of English and Kambaatissata, parts of speech and gloss of the English 

tern1S from the English WordNet were extracted. 

The accuracy of the des igned prototype was tested using 273 or 20% of the 

retrieved di ctionary terms. Based on the manual evaluation, the result shows that 

61.5% of the translation was correct. 

Key Words: Bilingua l electronic dictionary, para llel corpora, design, 

alignment and enhancement. 
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1. CHAPTER ONE 

1.1. Inh'oduction 

Kambaatissata is a language wh ich is spoken in the Kambaata-Tambaaro Zone of 

the Southern Nations Nati onali ti es and Peoples Region (SNN RPR) of Ethiopia. 

According to (Freeman and Pankhurst, 200 I as cited in Treis, 2008), the 

Kambaatissata speakers li ve in the high land areas arou nd the Hambarichcho massif 

of south west of the Ethiop ian capital of Addis Ababa, between the Omo River to 

the west and the Billate Ri ver to the east. It is bounded by Hadiyya to the north of 

west, Wolayita to the south and Ha laaba to the east (Tre is, 2008). 

The total populat ion Kambaata Tambaaro Zo ne is 77 1,698. Among them 510,000 

are mother tongue speakers of Kambaatissata (Kambaata Tambaaro Zone Culture 

Tourism and Government Commu nication Head Office, 20 II). 

Information can exist in various forms, but accessing the right information at the 

right time is a pre-requisite for fu nctional efficiency (B irungi, 1995). Now access ing 

information is becoming cri tical to the success of all use rs within a given society. 

This is because the economic development of any cou ntry depends upon effecti ve 

utilization of the stored informat ion, especially for developing countries (Birungi, 

1995). Today a large amount of information is ava ilab le in the fo rm of written text. 

Developing countries like Ethiop ia ca n fac ili tate their vision of development by 

making thi s store of know ledge accessible to their citi zens. This can be done with 

the help of elinerent techniques such as natura l language process ing, speech 

recognition, mac hine translation and infonnation retri eva l (A lemaye hu & Willett, 

2002). 
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There are different lingui stic resources which are used in natural language 

processIng. These resources are different in their type and role. These include 

corpus, WardNet, thesaurus, dictionary and the like. 

Corpus (corpora are) is a lingui stic resource that is a collection of texts assumed to 

be representative of a given language, or other subset of a language, to be used for 

linguistic analysis. Its appli cations include language teaching, lex icography and 

linguistic research (Francis & Kucera, 1964). 

The usage of parallel corpora opens up the poss ibiliti es of creation of new resources. 

Extraction of lex ical data by means of word a lign ment (W A) from bi-text (parallel 

corpora) is broad ly used in many fields of computational li ngui stics, such as 

machine translation, cross-language information retrieva l, and also bilingual 

thesaurus or dictionary creation (Pietrzak, 2009). 

WardNet is a lex ical database wh ich was established in 1985 by a group of 

psychologists and lingu ists at Princeton Universi ty (Mi ller, 1985). The initial idea 

was to provide an aid to use in searching dictionaries conceptually, rather than 

merely alphabetically. 

Thesaurus IS a kind of dict iona ry which deals on words relation especially, as 

synonyms and antonyms. Its plural form is thesau ri. It provides structured 

vocabularies for describing art. The first requirement for a thesaurus to be useful is 

that it provides a h ierarchical structure that has an unambi guous interpretation. Some 

hierarchically organi zed thesauri mix the sub/super class relation with a part-of 

relation (Bechofer & Gob le, 200 I). 
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Another type of linguistic resou rce is a dictionary. It is a lexicon or a reference book 

containing an alphabetica l list of words with in fo rmation about them. Dictionary can 

be of different types based on di fferent criteria. These can include bilingual, 

monolingual, mult ilingual, etymological, rhyming, mini , pocket, thesa urus, glossary, 

crossword, mach ine readable (electronic) and the li ke. 

A bilingual dic tionary gives words in two languages. One of the languages is 

grouped alphabetically in separate hal ves of the book with translations into the other 

language. 

In contrast to traditional dictionaries, which are des igned to be used by human 

beings, dictionaries for natural lan guage processing (N LP) are bu ilt to be used by 

computer programs. The fina l user is a human being but the direct user is a program. 

Such a dictionary does not need to be able to be printed on paper. The structure of 

the content is not linear, ordered entry by entry but has the form of a complex graph. 

Because most of these dictionaries are used to control machine translation or cross­

lingual informat ion retrieva l (CUR) the content is usua lly multilingual and usually 

of huge size. 

It is widely recognized that machine readable dictiona ries are important sources of 

lexical data which is sui tably analyzed, extracted and formalized. It could be used 

effectively in the construction of lex ical components for NLP app lications. 

Lexical databases playa centra l role in all nat ural language process ing appli cations, 

ranging from simple spellcheckers to lIlore complex mac hine translation systems 

(Briscoe, 1991 ). In most cases, they constitut e the so le pa rameter information for the 

corresponding software, and apart from some very basic methods such as stemming 

relyi ng on pure string processing principles and low linguistic requirements, hardly 
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any language technology application can avo id relying on a minimal lex ical resource 

(Lovins, 1968). 

Machine-readable dic tionaries (M RDs) have been see n as a likely source of 

infonnation for use in N LP. Thi s is because they contain an enormous amount of 

lexical and semantic knowledge collected together over years of effort by 

lexicographers. 

Manual construction of large lexica l-semantic databases demands enormous 

human resources, and there is a growi ng body of resea rch into the possibi lity of 

automatically extracting at least a part of the required lexica l and semantic 

information from everyday dictionaries (A msler, 1980). Everyday dictionaries are 

obviously not structured in a way that enables their im med iate use in NLP systems .. 

E lectronic dic tionaries offer great potential bene fits for users: they are quick and 

easy to use, they can provide access to large amounts of data, and they are 

interactive (Nes i, \ 999). Using electronic bi lingual dic tiona ries have to do with 

a ll owing learners to search fo r terms they wish to communicate in the target 

language. Elec tronic dictionaries serve as much more than just mere word 

translators. Apart, from being p0l1able, they are conve nient in terms of providing 

multi search paths and speed ing up the search process. 

The expediency and speed of electronic d ictiona ries give access to a wide variety of 

searches through the presentation of entries and other composite e lements, wh ich 

supply updated information from diffe rent avai lable sources. 

The emp irical methods are ga ining ground in the fi e ld of linguistics. Especially, the 

automat ic analysis of big co rpora is used in constructing of models of language 
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based on empirical data. Soaring popu larity of automatic construction of linguistic 

resources, collecting of corpuses from the web, constructing of grammars, lex icons 

and dic tionaries complement the work performed till now manually by linguists 

(McCracken, 2003). 

The usage of parallel corpora opens up the possibilities of creation of new resources. 

Extraction of lexical data by means of word alignment from bi-text (parallel 

corpora) is broadly used in many fie lds of computational lingu istics, such as 

machine translation, cross-language in formati on retri eva l, and also bilingual 

thesaurus or dictionary creation, which is of interest in th is research. 

Most bilingual dictionaries do not contai n the de tailed information that may find 

necessary for translation (Deshm ukh . 20 I I). The same thi ng happened to the 

designed English-Kambaatissata bilingua l electronic di ctionary. In order to so lve the 

problem, the enhancement is done using the English WordNet. 

1.2. Classification of th e L anguage 

Kambaatissata belongs to the Cushitic branch of the Afro-Asiat ic language phylum, 

more precisely to the Highland East Cushitic (HEC) language group. The hitherto 

little documented language is spoken by mo re than 600,000 speakers in an area 

approximately 300 k111 south-west of the Ethiopian cap ital Addi s Ababa (Treis, 

201 2). 

The Kambaatissata language has been spell ed in different ways. The common ones 

are Kambaata, Kambata, Kambatta, Kembata, Cambata and Cambatta. The 

Kambaata people refer to their language by the term Kambaatissata, which includes 

the derivational formati ve - issala for names of or as Kambaati afoo " the mouth of 
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Kambaata" (Treis, 2008). The tenn Kambaata can be used both in reference to the 

ethnic group and to the Kambaata countr y. Tn the linguistic literature, it is also used 

to denote the language. But in this research, the term Kambaala is used to refer to 

the people and the term Kambaalissala is used to refer to the language to be 

consistent. 

1.3. Statement of the Prob lem 

Machine readable electronic dictionary is very vital resources for natural language 

applications. Nevertheless, dictionaries and other lexical resources are not yet 

widely available in electronic form (Mayfi eld & McNamee, nd). 

A key resource for many approaches to cross-language information retrieval (CUR) 

is a bilingual dictionary. Unfortunately, like other cross-language resources, 

machine-readable bilingual dictionaries that are su itable [or use in CUR are scarce 

(Mayfield & McNamee, nd). 

Translated lexicons play a vita l role in several applicat ions re lated to machine 

translation (MT). Such lexicons are used for cross-language information search 

(Etzioni, Reiter, Soderland, & Sammer, 2007). 

Lexical coverage is critica l but resources (Machi ne-readable bilingual dictionaries, 

parallel corpora, and MT systems) are scarce. There is a growing consensus in the 

CUR community that lexical coverage is the most important factor in CUR 

performance (Mayfield & McNamee, nd). 

There is no Ka mbaatissata-Engli sh bili ngua l electronic dictionary wh ich is one of 

the necessary lexical resources to develop NLP app lications. This inconvenience 
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There is no Kambaatissata-English bil ingua l electronic dictionary which is one of 

the necessary lex ica l resources to develop NLP applications. This inconven ience 

made the researcher to design Kambaatissata-English bilingual e lectronic dict ionary 

syste m using stati st ica l machi ne translation approach. 

Too ls that increase lexical coverage are desirable. This research solves one of the 

prob lems of the lex ical resource scarceness by des ignin g Kambaati ssata-Engli sh 

bilingua l e lectro ni c dictionary. 

In general , by des igning Engli sh- Kambaatissata bilingual electronic dictionary, the 

fol low in g research questions were expected to be answered . 

• :. I-low bilingual electronic dict ionary of Engli sh-Kambaatissata could be 

designed using statistica l machi ne translation approach? 

.:. In which wayan English WordNet could be used to enhance the 

dicti onary entries of the language? 

1.4. Objective of the Study 

1.4.1. General objective 

The general objective of thi s research is to des ign Engli sh-Kambaatissata bilingual 

e lectronic dictionary using para llel corpora and enhancing its performance using the 

English WordNet. 

1.4.2. Specific objectives 

The specific object ives of thi s research are: 

I. to co llect the para lle l corpora of Engli sh and Kambaatissata languages; 

ll . to hand le the preprocess in g of the raw texts of both Engli sh and 

Kambaatissata; 
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III. to select and use appropriate too l for building En gli sh-Kambaatissata 

bilingual e lectronic dictionary; 

IV. to lise the para llel corpora of English and Kambaatissata for the creation of 

English-Kambaatissata bi lingual electron ic dictionary; 

V. to measure the performa nce of the Engli sh-Kambaatissata bilingual 

electronic dictionary; 

VI. to enhance the Engli sh-Kam baatissata bilingua l electronic dictionary using 

the English WordNel. 

1.5. Significance or the Study 

The sign ificance of this study is presented as fo llows. 

1. As it is stated by Teresa (20 II ) (ci ted in Meyer, 1988), the priority fo r scientists is 

to spread progress among societies that do not share the sam e language, and the 

way to achieve this is through transla tion and the first sources they look to when 

they do not know an equi valent are bili ngual electronic dictionaries (Meyer, 

1988). The Engli sh-Kambaatissata bilingua l e lectronic dic tionary IS very 

important source for spread ing the technologica l advancement of the world to the 

Kambaatissata speaking society by providing the equi va lent translation of English 

temlS into Kambaatissata. 

2. Translation lexicons play a vita l role in several applications related to machine 

translation (M T). Such lex icons are used fo r cross-language information search 

(Etzioni et a I. , 2007). Thus, the peop le who like to make a study on Kambaatissata 

in general as well as in spec ific areas like machine translation, and cross-language 

information retrieva l are bene fi c i ari ~s. 
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3. Researchers in the langua ges which are highly dia lectica lly related like Halaaba, 

Sidaamo, Qabeena, and I-Iadiyya can be benefi ciary by using the output of this 

research as a reference as well as moti vation. 

4. Designers of bilingual electron ic dic tionari es for the other languages by using the 

algorithm as the initial items. 

5. It can be an input for Engli sh-Kambaati ssata mac hine translation, bilingual 

infonnation retrieval system, and thesH urus constructi on. 

1.6. Scope of the Study 

The corpus data used in th is research was not as such large in size. It had only 1,194 

pair of sentences. It was also collected from three different sources; from the Federal 

Democratic Republic of Ethi opia Constitution (1995), the Bible story book for 

children and the tra ini ng material for primary school mother tongue teachers. 

The output of this work is the probabili stic structure of the d ictionary, a ligning a list 

of Kambaatissata potential headwords with their English translation equiva lent(s), 

where the degree of correspo ndence is expressed in terms of alignment probabilities. 

This English-Kambaatissata probabil istic dicti onary is considered to be half-fini shed 

product, the basis fo r the full-tledged d ictionary, revised and enhanced by linguists. 

Its enhancement is only on English Word Net side. Since there is no Kambaatissata 

WordNet, there is no enrichment when retriev ing frolll English to Kam baatissata. 

1.7. Methodology 

The focus of this research was designing Engli sh-Kambaati ssata bilingual electronic 

dictionary based on statistical machine tra nslation app roach. To do so, the following 
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procedures, tools and techniques were used to achi eve the stated objecti ve of the 

study. 

1.7.1. Data Sources 

The corpus data was co llected from the Federal Democratic Republic of Ethiopian 

Constitution (1995), training material for primary sc hools mother tongue teachers 

prepared by Kad ida Gamela Woreda Educati on Offi ce and the children Bible story 

book. 

The text corpora used here were by having the availab le one. ·rhat was because there 

were shortage of paralle l corpora of Engli sh and Kambaatissata. 

1.7.2. Methods and Procedures 

All the tasks in the word a li gnment (WA) fi e ld are highly language-dependent. 

Questions like word order, inflect ional parad igms , morpho logical complexity, 

a lphabets used, etc. are of vital importance for the lina l success (Pietrzak, 2009). 

This complex nature of WA field leads to text preprocessing ac ti vity. This was 

included normalization (us ing all letters in sma ll letters case, remov ing punctuation 

marks, symbols and stop words), text tokenization and lem mati zation and creation 

of list of aligned sentences. 

The Text pre-processing process was the important part of the research. This was 

because texts in their raw form may be in different cases (capital or small) . In order 

for the machine to read properly, it needs to get them in the same form and WA 

usually works on lists of a li gned sentences . Why the researcher concentrated on pre­

processing was because the precision o f WA depends highly on the preprocessing. 
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1. 7. 3. Development Tools 

Python programming language is a simp le yet powerful programming language with 

excellent functi onality for process ing lingui stic data. Due to that it was preferred with 

English WordNet and other modu les lik e NL TK, IBMMode11 and tk·inter to develop 

interactive use r friend ly interface and a ll the programs to manipulate the files and 

develop the prototype. Thus, th is research a lso used python to develop the bi lingual 

electronic dicti onary. 

1.7.4. Evaluation Techniq ues 

There are two widely lIsed ways of evaluati on. These are automatic comparison with 

ex ist ing bilingual MRD and manual eva luation of a subset of the dictionary entries. 

For this research using manua l. eva luati on method was chosen. This was because 

there is no bi lingual MRD to compare in Kambaati ssata-Engl ish or vice versa. 

1.8. Organization of the Paper 

The paper is structured as foll ows: 

As the effectiveness of the research depends main ly on the accurate word a lignment, 

the ana lysis of related works carried ali t in thi s fie ld is presented in sec tion two. In 

section three, the literature about Kamba atissata is presented. In section four, the 

methodo logy of the research was introduced step by step . These included some 

information about the input data or provided by parallel corpu s used and described 

the whole process of dictionary creation step by step. The fifth section dealt with 

the design and experimentation of the prototypc as wel l as measuring the accuracy 

of the created dictiona ry. The fin al part dealt with the conclusion and 

recommendation of the future research directi ons. 
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1.9. Definitions of Te rms (Opera tional Definiti ons) 

In this part of the research the terms used to describe special mean ing or which 

contain out of the usual meaning are described as the fo llov,"ing: 

Under-resourced languagcs - refer to the languages which do not have much 

literacy works compared to other developed languages . 

Electronic dictionary is a dictiona ry whose data is in digital form. 

Python is a ki nd of programm ing language. 

Tokenization is spli tting texts into different sma ller parts. 

IBM model 1 is the model which is used to translate words of a source language 

into target language using the lexical translati on probabilities. 

White space is the space between the two words in the written text. 

Source language is the language of the user in fo rmat ion request. 

Target language is the language of the document collection or to be retrieved as 

translation. 

Transla tion does not mean a full translation of the user request incorporating 

correct grammar and word order as if it had been carried out by a human 

translator. Rather, it is to perform a type of concept mapping. 

Lemma is normall y the head words in a dictiona ry. They represent word fomls 

of the same Iexeme. For exampl e in: "go", "goes", Hgoing", "went" and "gone", 

"go" is the lemma form. 

Inflection is variatio n of the form in a word, often affi x (the end ing of the word) 

showing di fferent grammatical information such as tense, numbe r, ge nder, case, 

etc. Example: walk, wa lked. 

Derivation is the morphological process wh ich deri ves or creates a new word by 

varying the mean ing or POS or both. 
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Morpheme is meaningful grammatical unit consisting of a word, sllch as fan, or 

word element, such as -ed in worked, which cannot be di vided into smaller 

meaning fu ll or grammatical parts. 

Parallel corpora are pairs of tex ts which contain data in a main language and a 

translation thereof 

Accuracy is the amount of word forms that are correctly translated in the texts. 

Alignment is the process of matching texts in both languages sentences or words 

correspond to each other on the same level. 

Corpus (plural = corpora) is a body of stored texts in written and/or a 

transcription of recorded spoken language in the electronic form. 

Transnumcral is the term that re fers to inherently both plural and singular 

nouns. 
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CHAPTER TWO 

2. Literature Review 

2.1. Introduct ion 

This chapter is divided into four different pa rts. The fi rst part provides a review of 

literature about lingu istic resources; co rpus, dict ionary (bilingua l dictionary and 

electronic dict ionary), thesaurus and WordNe!. The second part presents about text 

preprocessmg including concept of stop words removal , tokenization, and 

lemmatization. The third part di scusses about the development too l; python 

programming language. The fourth pa rt foc used on mac hi ne tra ns lation approach 

and the last part discussed about related works in the Kambaatissata language as 

we ll as electronic dictionary. 

2.1.1. Linguistic Resources 

2.1. 1.1. Corpus 

A corpus is a co llection of text docu ments, and corpora are the plural of corpus, 

which is assumed to be representative of a given la nguage, or oth er subset of a 

language, to be used for lingu istic analysis (Francis & Kucera, 1964). 

Corpus has been class ified in a fin er scheme of classifi cation characterized by its 

inherent features: 

.:. Loosely, a corpus refers to anybody of text; 

.:. Most commonly, it refers to a body of machine· readab le text and; 
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.:. More strictly, it refers to a finite co llection of machine-readable texts 

sampled to be maximally representative of a language or a variety of it 

(McEnery & W ilson, 1996, P. 215) . 

A corpus may contain texts in a single language (monolingua l corpus) or text data in 

multiple languages (multi lingua l co rpus). Mu lt ilingual corpora that have been 

specially fonnatled for sidc-by-side comparison are ca lled aligned pm'allel corpora. 

Corpus is a large collection of lingu isti c data, either wri tten text or a transcription of 

a recorded speech, which can be used as starting poi nt of lingui stic description or as 

a means of verifying a hypothes is about a language (C rystal, 1995). Thus, it refers to 

a large collection of written and spoken text sample, ava il able in machine-readable 

form, accumulated in scientific manner to represent a part icular variety or use of 

language. 

In principle, a corpus is actually designed for accurate study of lingui sti c prope rties, 

features and phenomena observed in a language. According to (Dash, 2005) a 

systematically compi led corpus however, sma ll in size, shou ld adhere to the 

fo llowing criteri a: 

.:. A corpus should fa ith fully represent both a common and specia l linguistic 

features . 

• :. The corpus shou ld be large and wide to encompass tex ts from vanous 

disciplines . 

• :. A corpus should be a true replica of physica l texts ava ilable in printed 

form. 
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.:. A corpus should be ava ilable in th e electronic form for easy access by the 

end users in order to enable the common users as we ll as the language 

researchers to use the database in multiple tasks related to language 

description and anal ys is, stat istical ana lysis, language processing, 

translation, etc. (Dash, 2005, i'. 12) . 

Corpus may be defined acrosti cal ly I"rom the letters used to compose the term in the 

fall owing way: 

C: Compatible to both man and com puter, 

0: Operational in research and app lication, 

R: Representat ive of a language or variety, 

P: Process-able both in man and machine, 

U: Unl imited in amollnt of data and samples, and, 

S: Systematic both in formation and representat ion (Dash, 2005, P. 4). 

The scarceness of corpora is not necessarily the insurmountable obstacle since 

human decoders can align a sma ll number of sentences (about 1000 sentence) (AI­

Onaizan et aI. , 2000). 

Dicti onary publishers are increasingly recognizing the va lue of electron ic versions 

of dictionaries and are putt ing more information in these versions than the ones that 

appear in the print versions. It needs several efforts to enhance a d ictionary database 

as a resource for computational applications. These efforts include much greater use 

of corpus evidence in creating definiti ons and associated information for an entry. 
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Corpus-based methods have also been used in the construction of a thesaurus 

(McCracken, 2003). 

2.1.1.2. Dictionary 

A convenient and va luable source of lingu istic information is a standa rd dictionary. 

It is easy to use, and if used intelligently, very informative. Far fro m being a dull dry 

reference book, the dictionary is a vast storehouse or interes ting information about 

an infin ite number of usefu l word tools (Dcshmukh, 20 11 ). 

2.1.1.3. Bilingual Dictionary 

The bilingual dictionary is useful to have exact equ iva lence of a word. A dictionary 

contains importallt facts far beyond sim ple definitions and guides to pronunciation 

and spelling (Deshmukll, 20 II ). 

A hilingual dicti onary is a dictionary which registers the equiva lences uf meanings 

in t\-vo languages. Bilingual dicti onaries are se ldom diachron ic and usually 

alphabetic in arrangement. The difference between a monolingual dictionary and a 

bilingual one is made not onl y in the number of languages in which they are written 

but also in thei r essenti al purpose. 

A bilingual dictionary consists of an alphabetica l list of words or expressions in one 

language (the 'source language') for which, ideally, exact equi valents are given in 

another language (the ' target language') . The purpose is to provide help to someone 

who understands one language but not the other. 
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2.1.1.4. Electron ic Dictionary 

The term electronic dicti onary can be used to refe r to any reference materia l stored 

in electronic form that gives informati oll about spe lling, meaning, or use of words. 

Computationa l lexicology was coined to refer to the study of machi ne· readable 

dictionaries (MRDs), and emerged in th e m id-1960s and received considerable 

attention until the early 1990s. 'Machine-readable' does not mea n that the computer 

reads the dictiona ry, but only that it is in electron ic fo rm and ca n be processed and 

manipulated computat ionally (Amsle r, 1982). 

Conventional dictionaries contain a lemma with va rious descriptions. A machine­

readab le dictionary may have additiona l capabi lities. As (Deshpande, 2012), 

machine-readab le vers ions of everyday dictio nari es have been seen as a like ly 

source of information for use in ilatural Icll1guage process ing because they contain an 

enomlOUS amount of lexica l and semantic knowledge (Deshpandc, 2012). 

A machine-readable dictionary is used for a number of different purposes in 

informati on systems, li ke word sense disa mbiguation, informati on retrieval, 

automatic text class ification and automat ic text summarization (Aas & Eikvil , 1999). 

Dictionary entry consists of several fi e lds of information for diffe rent applications. 

Among the standard field s, trans lation fo r the bili ngua l dictionaries is one of them. 

Each of these Gelds has prove n use[ul lo r different appl ications, such as fo r building 

semantic taxonomies and machine translation (Deshpande, 2012). 

An electronic dictionary is a d icti onary whose data exists in digita l fonn and can be 

accessed through a number of di fferent media. Lexica l databases playa central role 

18 



Designing English-Kambaatissata Bilingual Electronic Dictionary: Using Parallcl Corpora 

in a ll natural language processing applications ranging from simple spellcheckers to 

more complex machine trans lation systems (Briscoe, 199 1). 

In most cases, they constitute the sole parameter informati on for the corresponding 

software, and apart from some very basic mcthods such as stemming relying on pure 

string processing princ iples and low lingu ist ic requirements, hardly any language 

technology application can avo id re lying on a minimal lex ica l resource (Lovins, 

1968). 

According to (A hmed, 2008) the print vcrsion of the dictionary has the fo ll owing 

drawbacks: 

.:. It is time consuming- lecatine the requ ired word takes a lot of time and 

the user has to pass different stages i.e. first helshe has to locate the first 

letter o f the word and then to locate the second, the thi rd till the last letter 

of the word . 

• :. Users should have the dictionary at hand; the users shou ld have to carry 

the di ctionary wi th them. Many people do not fee l comfortable time and 

place to have the dictionary witb thelli . 

• :. Users should have a mea ns to get the dictionary, buy or lend . 

• :. The dictionary is J~ot availab le anytime, anywhere; ava ilab ility of the 

dictionary is limited . 

• :. Some of the pages may not be ava ilab le because of the diffe rent reasons 

(Ahmed, 2008, PP. 9- 10). 

Electronic dictionaries offer grea t potentia l benefi ts fo r users: they a re qui ck and 

easy to use, they can provide access to large amounts of data, and they are 
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interactive. It is also important to take into cons ideration that most web based 

dictionaries are currently avai lab le (Nes i, 1999). 

2.1.1.5. Thesaurus 

Thesaurus is a kind of dictiona ry which dea ls with words relati on espec ially, as 

synonyms and antonyms. Its plural fo rm is thesauri . It pro vides structured 

vocabularies for describing art. The fi rst requ irement for a thesau rus to be use fu l is 

that it provides a hierarchica l structure lhat has an unambiguous interpretation. Some 

hierarchically organized thesauri lTli x the sub/super class relat io n \-v ith a part-of 

relation (Bechofer & Goble, 200 I). 

2.1.1.6. WordNet 

WordNet is a dictionary des igned for programmatic access by natural language 

processing systems. NLTK inclucles a Wo rdNet corpus reader, which is used to 

access and explore WordNet (Perkins, 20 10, P. 8). 

WordNet is a hierarchicall y orga ni zed large lexica l database of Engli sh. Nouns, 

verbs, adjecti ves and adverbs are grou ped into sets of cogn itive synonyms 

(SynSets), each expressing a distinc t concept (M il ler, G. A, Beckwith, Fell baum, 

Gross, & Miller, 1990). 

SynSets are interlinked by mea ns of concep tual-semantic and lexica l relat ions. The 

resulting network of mean ingfully related words and concepts can be navigated with 

the browser. Its structure makes it a use ful tool for computational li nguistics and 

natural language processi ng (Mi ll er el al.. 1990). 
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WardNet was designed to capture several types of associat ive links, a lthough the 

number of such links was li mited by prac tical considerations. WordNet was not 

designed as a lexical resource, so that, its entries do not contai n the fu ll range of 

infonnation that is found in an ordinary dic tionary (Fell baum, 1998). WordNet has 

found widespread use as a lex ical resource, both in research and in NLP 

applications. WordNet is a prime example of a lexica l resource that is converted 

and mapped into other lexical databases. 

The most obvious difference between WordNet and a standard di ctionary is that 

WardNet di vides the lexicon into fi ve categories: nouns, verbs, adj ectives, adverbs, 

and func tion words. Actuall y, WordNe l conta ins only nouns, verbs, adjectives, and 

adverbs. The relatively sllla ll set of English fun cti on words is om itted on the 

assumption that they are probab ly stored separately as part of the syntactic 

component of language. The real izat ion tbat syntactic categories differ in SUbjective 

organ ization emerged first [rom studies of word assoc iations (Miller e t aI. , 1990). 

WardNet is organized by semantic relations. Since a semantic relat ion is a relation 

between mean in gs, and since mean ings ca n be represented by SynSels, it is natural 

to think of semantic relations as pointers betwcen SynSets. 

2.1.2. Text Preprocessing 

2.1.2.1. Sto p Words 

Stop words are common words tha t generally do not contribute to tbe meaning of a 

sentence, at least for the purpose of informa tion retri eva l and natura l language 

processing. Most sea rch engines filtcr stop words out of sea rcb queries and 

documents in order to save space in their index (perkins, 20 I 0). 
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In information retrieva l. a document is traditionally indexed by freq uency of words 

in the documents. Statistical analysis through documents showed that some words 

have quite low frequency, while some others act just the opposite (Baez-Yath & 

Ribeiro-Neto, 1999). The common characteri st ic of these words is that they carry no 

significant in formation to the document. In stead, they are lIsed just because of 

grammar. We usually refer to this set of words as stop words (Raghavan & Wong, 

1986). 

In processing English texts, the rel ati vely sma ll set of English fun cti on words is 

omitted on the assumption that they are probab ly stored separate ly as part of the 

syntactic component of language. Stop 1V0rds are wo rds which found in both written 

and spoken languages. A lthough they found in the natural language, they cannot 

carry the main con tent of the text. 

The application of stop words has already bee n explored in many fields. [n di gital 

libraries, for instance, elimination of stop words could sign ificantly reduce the size 

of the indexing structure and obtain a com press ion ratio of more than 40% (Baez­

Yath & Ribeiro-Neto, 1999). On the oth er hand, a stop word list pro vides a good 

resource for information retrieval. It can speed up the calculation and increase the 

accuracy at the sa me time (Salton & Buck ley, 1988). 

Up to now, a lot of stop word lists have been developed for Engl ish language. These 

stop word lists are traditionally extracted by frequency analysis of all the words in a 

large corpus. Results from diffe rent cor;)ora are usually quite similar to each other 

and they are commonly used as standard s (Ya ng, 1995). 

22 



Designing Engli sh~Kambaatissata Bilingual Electronic Dictionary; Using Parallcl Corpora 

2.1.2.2. Tokeniza tion 

Tokeni zati on is the process of separating parts of the text into different parts. This 

can take place usi ng different crite ria. For in stance, the tokenization may follow the 

white space as the deli miti ng or it may use other symbols or punctua tion marks. 

Tokenization is a method of break ing up a piece of text into many pieces, and is an 

essential first step for any process. Tokeni zation is the process of sp litting a string 

into a list of pieces, or tokens. We can spl it a paragraph into a list of sentences, 

sentences into tokens and the like (Perkins, 20 10, P. 8) . 

Tokenization is II method of break ing up a piece of text into many pieces. Word 

tokenizer works by separating word s using spaces and punctuation , allowing you to 

decide what to do with it. It is poss ible to use the NLTK default token izers to 

tokenize text corpora. If it is not su itable for the NLTK defau lt tokenizer, YO ll can 

provide your o\-vn tokcn izcr instances (Perkin.s, 2010, P. 9). 

2.1.2.3. Le mmatization 

Lemmatization is similar 10 stemm ing, but is more akin to synonym replacement. 

Lemma is a root word, as opposed to the root stem. Un li ke stemming, it left with a 

va lid word whi ch means the same thing. BlIt the word you end up with can be 

completely di fferent (Perkins, 2010, P. 28). 

For English, we can use the WordNet Lemmati zer to find lemma s. T hi s can be done 

by calling from the NLTK as importing module. 

The WordNet Lemmatize r is a thin wrapper around the WordNet corpus, and uses 

the morphyO fun ction of the WordN ct Corpus Reader to find a lemm a. If no lemma 
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is found, the word is returned as it is. Un like wit h stemming, know ing the part of 

speech of the word is important. The defa ult pa rt of speech is a noun. Instead of just 

chopping off the affixes like the Porter Stemmer, the WordNet Lemmatizer finds a 

va lid root word. Where a stemme r only looks at the form of the word, the 

lemmatizer looks at the mean ing of the word . And by retu rning a lemma, one wi ll 

a lways get a valid word (Perki ns, 20 I 0, P. 28) . 

2.1.3. Development Tools 

2.1.3.1. Python Program min g Language 

Python is a simple yet powerfu l programming language with excellent fu ncti ona lity 

for processing linguisti c data (Bird et aI. , 2009, P. Xii). 

Python programming language is a dymunica ll y-Iyped, object-oriented interpreted 

language. Although, its primary strengt h lies in the ease wilh which it allows the 

programmer to rapidly prototype a project, its powerful and mature set of standard 

libraries make it a great fit for large-scale production-level software engineering 

projects as wel l. Python has a ve ry sha ll ow learni ng curve and an exce llent online 

learning resource (Mad nan i, nd, P. 3). 

Python has a comprehens ive libra ry [or nalura l language and text ana lytic called 

NLTK. Origina ll y it is designed for teaching: it has been adopted in the industry for 

the research and development due to its useful ness and breadth of covera ge (Perkins, 

2010, P. 8). 
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2.1.4. Mac hin e Translat ion 

Language is an effect ive medium of communication. It represents the ideas and 

expressions of human mind. Accord in g to Tripathi and Krishna (20 I 0), there are 

more than 5000 o f languages in the world which refl ect the lingu istic di versity . It is 

difficul t to know and understand fo r an individual every language. Hence, the 

methodology of translation was adopted to communicate the message from one 

language to another (Tripathi & Krishna, 20 I 0). But as (Lewis, Gary, & Charies, 

20 13) states the number of languages are 7, 105 identified as living languages in the 

world. 

Research efforts have been on exploring the possibi li ties of automatic translation of 

one language (source text) to another language (target text). There have been major 

intuitive from various research organizations and government agencies to deve lop 

tool s for automatic tran slat ion of text in order to achieve wider outreach and bridge 

the gap of language di vers ity. 

As it is known, machine tran slat ion is one of the research areas in computational 

linguistics. According to (Tril'athi & Kri shna, 20 I 0), the objective of machine 

translation is to restore the meaning of the original text in the translated verse. In 

general , the process of translation has two levels; meta·phrase (word·to-word 

translation) and paraphrase or gis t equi va lence (Tripathi & Krishna, 20 I 0). 

2.1.4.1. T ypes of Mach iue Translation Approaches 

There are different methods of machine translation presen ted by d ifferent scholars. 

These may include dictionary based app roac h, rule based approach (direct approach, 

transfer based approach), knowledge based approach and corpus based (statistical 
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based and contex t based) approach. Corpus based machi ne translation approach has 

dom inated over other approaches because of hi gh leve l of accuracy achieved duri ng 

translation (Tripathi & Krishna, 20 I 0). 

2.1.4.2. Sta tistic al Machine Translation Approach 

Tripathi and Krishna introduced the idea of sta tisti cal machine transla tion. These 

statistical methods are applied to generate translated version using bilingual corpora. 

Most o f the research in machine translation has foc used on using statistical methods 

on very large corpora to learn translations of words and phrases. However, more and 

more researchers are starting to incorporate syntax into such methods (Tripathi & 

Krishna, 20 I 0). 

Statistical machine tra ns lati on approach ca n be statistical word-based model, 

statistica l phrase··based model, statistical syntax-based model and example-based 

model (Tripathi & Kri shna, 20 I 0). 

There are numerous applications for 'Nord alignments in natural language 

processing. These applicati ons cruc ia ll y depend on the qua lity of the word alignment 

(Yarowsky, David , & Wicentowski, 2000). An obvious application fo r word 

alignment methods is the aulomatic extraction of bilingual lexica and terminology 

fro m corpora (Smadja, Frank, Kathl een, McKeown & Hatzivssiloglou, 1996) . 

Stati stical a lignment models are often the basis of single-ward-based statistical 

machine translation systems (Berger et aI. , 1994). Tn addition, these models are the 

starting po int for refi ned phrase-based statistical or example-based translat ion 

systems (Franz & Hans, 1998). In such systems, the qua lity of the machine 
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translation output di rectly depends on the quality of the ini tial word alignment 

(Franz & Ney, 2000). 

2.1.5. Related Wo r ks 

This pali focllsed on what was done on Kambaatissata which was reviewed as 

resource for this research work, on bi lingual electronic dictionmy and on parallel 

text alignment. As much as the researcher's know ledge goes, the follow ing works 

were done. 

Kambaatissata-Amharic dictionary was developed by the Kambaata Tambaaro Zone 

Information and Culture Mai n Department (2005). The dictionary is in the printed 

copy; not in e lectronic form. It gives the translation from Amharic to Kambaatissata. 

It has 13,080 entries. 

Even though it is not publi shed, the grammar and structure of Kambaatissata was 

prepared by Phi lipos entitled: SIR: Kall1baalissa Alee Seerahaa Rogahaa (Philipos, 

2012). In his work, he used Latin script for the Kambaatissata language as other 

Clishitic languages like Sidaama and Affan Oromo. He presented vowe ls of 

Kambaatissata as five in number and as they can be doubled to indicate the length. 

Concerning the consonants, he put as there are 27 in number. And also he extended 

his work to syntax level. 

English-German Bilingu al machine readable dictionary was designed by taking two 

conesponding texts (Engl ish and German) and developed algorithm to 

determine lexical aliglUllenl s by using statistica l methods over texts combined 
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with the optional support of an MRD (Robert, Russe ll, & Warwick, 1989). This 

work is re latecl wi th thi s resea rch work on its development algorith m. 

A Manipuri-English bilingual electro nic dictiona ry was designed and implemented. 

For the work, the clata was co llccteclli'om many sources includin g da ily newspapers, 

weekly and monthl y journal s, and Manipuri Text Co rpus which was created in 

Manipuri Uni versity (Poireiton, N ingombam, Mamata, & Syam, 2012). This work is 

related with th is research on da ta collection methodo logy . 

Hansard bilingual corpus \V,IS c~ea l "'l for the purpose of building machine 
u. ).,;.:' 

trans lation system using purely statistica l techniques. Such a system is macle using 

exclusively sta ti stical non-linguistic methods to induce translations (Brown, 1993). 

Though this current resea rch usecl statis tical method as they did, there is a difference 

of the output; bi lingua l el'ect ronic dictionary for this research and para llel corpora 

for their work. 

English-Japanese paralle l corpora we re constructed and tagged. They prepared 

Japanese translations of sam pl e Eng li sh abst racts to make it easier for users to 

searc h for a good mocle l of both their target abstract and their target component 

sentence. Japanese equivalents were voluntarily constructed on a sentence-to-

sentence basi s by R ico h 's software engineers; thereby aligning Engli sh-Japanese 

sentence pairs of sample abstracts was done manually. They used both manual 

alignments as well as au tomatic one (Narita, !lei .). 

28 



Design ing En.!-.d i s h~K alllbJ<llissa ta Bil ingua l Electronic Dictionary: Using Parallcl Corpora 

The Eng lish-A fri kaans pa ra lIel corpora were c rea ted by Draghoender and Kanhov 

(20 I 0). They prepared with the purpose o f bili ngual dictionary creation. They 

created Eng lish-Afrikaans corpora ma nuall y by gathering paralle l texts and 

compi ling them into one ra w text fi le. They used Uplug in combination with the 

para lle l corpus to generate an Eng lish-Afrikaans dictionary. Tn their wo rk , the s ingle 

characters wh ich are not words were removed; numbers and pu nctuation marks. 

They used Google Translate as an eva lua tor (Draghoender & Kanhov, 20 10). Their 

work is somehow related with thi s resea rch on the data preprocessing steps. 

Polish-Basque bi lingual dictiona ry \vas constructed semi -automatica ll y based on 

W A of para lle l corpora by (Pietrza k, 2009). They used three free word a lignment 

tools to perform word a lignment. These are PLUG Word Aligner (PWA) which 

comprises two word a lignment systems, NAToo is which are designed to creale 

bilingual dictionaries using statistica l methods and GIZA++. 

Amharic-English, Eng lish-Amharic Multimedia Dictionary was developed by 

Ahmed for master ' s degree at Addi s Ababa University. The d ic tionary system 

developed was to facili tate and collec t requests from di fferent d ictionary users. The 

dictionary system was pu t in th e database o f the SQL Server 2005. To di splay 

Am haric text on line they ha ve used WEI·T too l. They used ASP.Net for the system 

deve lopment (Ahmed, 2008) . The re lationship between the proj ect work done by 

Ahmed and thi s research work is only on its output be ing b ilingual e lectronic 

dicti onary. 

English-Macedo nian machine readable d ictionary created by using parallel corpora 

by Saveski and Trajkovski in thc Faculty of Com puting, Engineering and 
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Technology, Stalfordshirc Un iversity, and Faculty o r Electrical Engineering and 

InfonTIation Technologies, Ss. Cyril and Methodi llS University. The bilingual 

dictionary was generated based on para llel corpora of English and Macedonian. To 

do so, they used stati stical machi ne translation approach and manllal evaluation 

method with vo lunteer flu ent speak ers of both Engli sh and Macedonian. They have 

got the accuracy of 79.8% (Saveski & Trajkovs ki, 2010). Their work is re lated with 

this study much more than olhers. This is because their bilingual dictionary 

generation method is based on parall el corpora using statistical machine translation 

approach and th e evaluat ion method they used is rel ated with this study; manually 

by domain experts. 

Yang and Li have constructed au tomat ically Engli sh-Chinese Paralle l Corpora. In 

their work, the al ignment between English and Chinese words starts from simple 

English words. Each simplc word of English is translated into a set of Chinese 

words through dictionary lookUp. Eac h of Ihese possible translations will then match 

with the characters in the Chinese (Christopher & Wing, 2003). Their work is 

related with th is study on ly by being al ignment. For thi s research, the a li gnment was 

on the word leve l but for their work it lVas in the sentence leve l. 
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CII APTER THREE 

J. KAMIlAATISSATA 

3.1. Introduction 

The Kambaata live in the Southern Nation Nati onal ity of Ethiop ia in Kambaata 

Tambaaro Zone. Thei r language is referred to as Kambaatissata. Kambaatissata is a 

Highland East Cushitic language, part or the larger Afro-Asiatic fam ily and spoken 

by the Kambaata. Dialects are Donga, Kambaata and Tambaaro (Korhonen, Milja, 

& Ronald, 1986). 

Kambaata is located in the southern region of Ethiopia, bordered by Wolayta, 

Hadiyya, Tambaaro and Halaaba. Sc ientists categorize the Kambaata as Highland 

East Cushitic ethnic group. The area wherc they live is about 1,040.39 km' (Treis, 

2008). 

In spite of its im portance as a vernacular that is widely spoken (nearly one mill ion) it 

lacked a we ll developed literature. Before the Revolution of 1974, publi shing and 

broadcasting in [(ambaatissata was very limited. But after 1974 Revolution, the 

government undertook a lileracy campaign in severa l languages, one of them being 

Kambaatissata. 

Nowa day, Kambaatissata is the instructi ona l med ium for primmy schools throughout 

the Kambaata Tambaaro Zone except the Tambaaro Woreda. Moreover, some literary 

works, newspapers, magaz ines, education resources, officia l documents and re ligious 

writings are writl en and pub I is hed in Kambaatissata. 
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3.2. Orthography 

Before Kambaati ssata was int roduced as medi um of instruction in primary school in 

1986 E.C. (1 993), its orthography in the Lat in script was developed, which largely 

follows the orthography or Oromo (G riefenow-Mewis, 2001) as cited in (Treis, 

2008). The Kambaati ssata orthography is very similar to the Sidaama orthography, 

(Yri, 2004) as cited in (Treis, 2008). The description of the orthographic 

conventions is predominantly based on (Mate woos, 1992) as cited in (Treis, 2008) 

and supplemen ted by in rormation from primary school books (Treis, 2008). 

The Kambaat issa ta data in thi s paper were written in the official orthography 

produced by (Ma:t tewoos, 1992 ) as cited in (Tre is, 2008). The following graphemes 

are not in acco rdance w ith th e IPA conventions: <p h> = Ip' l , <x> = It'l, <q> = Ik' l, 

<j > = Id3/, <c> = ItS' I, <eli> = I !f I, <sl;> = I J I, <y> = Ij l and <'> = I?I. Length is 

indicated by doub le letters, e.g. <aa> = l a: /, <bb> = Ib:/, and <shsh> = IS:I (Treis, 

2008). 

Due to an idiosync ratic cOllvention, the second consonant of a glotta l stop-sonorant 

cluster is general ly wri tten as doub le, although the cluster only cons ists of two 

phonemes, e.g. <" mm> = 17111/. Nasalization is marked by a macron, e.g. <a> = Ia/. 

Word-final unstressecl i docs nOI occur orthographically, irrespective of its 

phonological status (Treis, 2008). 

As it is mentioned in Kambaa tissata-Amharic dict ionary, it has thirty two letters to 

represent sounds in the orthography and out of them six are double le tters Iph, ch, 

sh, IS, ny and zhl and the restlwenty six are single letters. These are: 
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-
... j • 

ABC CH 0 E F G H T G K L M N N Y 0 P PH Q R S SH T TS U Y W X Y Z ZH. 

From those twenty six single letters, fi ve are vowel letters. A ll cap ital letters have 

their equivalent sma ll letters. The long vowel is represented by doub le vowels. 

(Kambaata Tambaaro Zone Culture Tourism and Government Communication, 

1995). But there is a glotta l consonant 171 represented by [ '] and used. 

3,3, Morphosyntax 

Morphosyntax has to do with how sounds combine to form words and sentences. 

The telll] "morphosyntax" is a hybrid word that comes fro m two other words -

morphology and syntax. 

Kambaatissata has SOY (subject- abj ect- verb) order. The phonemes of 

Kambaati ssata include five vowels (which are distinctive ly long or short), a set of 

ejectives, a retroflexed imp losive, and glottal stop (Korhonen et aI., 1986). 

Kambaatissata hRs four open word classes; nouns, verbs, attributes (with the sub-

word classes like adjec ti ves, numerals and demonstratives) and ideophonesl 

interj ections (Treis, 2008). 

3.3.1. NOli n Morphology 

Nouns in Kambaatissata can be inflected to indicate agreement (number and 

gender), empathy. person (fi r,; t, second and third), ho norific and the like. 

Nouns in Kambaatissa ta can be derived from nouns, adjectives and verbs. The de-

verbal agent nom inals are much more common. These can be to form agentive, 

action, manner and gerund ive nouns. 
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3.3.2. Verb Mo rphol ugy 

Verbs in Kambaatissata can be both inflected and deri ved. Verbs can be inflected to 

mdicate agreemen t (person, Il li mber. and gender), aspect (imperati ve, imperfective 

and negation), bonorificity, etc. Verb derivation can take place to show pass ive, 

causative and the like. 

3.3.3. Adjectives Morphology 

Adjecti ve is a word which is used as H mod ifier of a noun to denote quality, quantity, 

extent, or to speci fy the noun as it is distinct from something else. Adjectives can be 

inflected as well as deri ved for different purposes. They can be inflected for gender 

and number in Kambaatissata. They also deri ved from other parts of speech. 
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CHAPTER FOUR 

4. Designing and Experimentation 

4.l.Introductio ll 

The previoLis chapter discussed cOIvora data co ll ection methodology, corpora 

preprocessIng methodology, model se lection methodology, dictionary creation 

methodology, dictionary enhancement methodology and evaluation methodo logy 

with justification. This chapter focuses on designi ng a prototype for fu rther 

implementation o U he approach. To cia so, para lie l texts have been used . 

Machine reaci(l ble dictionary Can be done manua ll y or lIsing automatic translation 

system. Manual translations are very expensive both in terms of time and manpower. 

Because of this reason, the researcher was interested to design e lectronic dictionary 

using machine tmnslation app roach. 

This research started with collecting parallel texts and fo llowed with preprocessing 

activities. These activit ies included data norma lizati on (including changing letters 

into small letter case, removing punctuation marks and other symbols inside the text, 

tokenization, stop word remova l and lemmatizatio n), making sentence level 

alignment or crea ting a ligned sen tences and implementing IBMMode11 to do word 

level alignment, enhancing the c reated English-Kambaatissata bilingua l dictionary 

with English WordNet and eva luating the system performance with doma in experts. 
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4.2.Architecture of the System 

Parallel Coroora .. Pair of 

r -..., Sentence Selector Sentences 

'-- ../ 

Linguistic Tokeni zer I 
Resource .. 

Stop Word Remover L ./ I 

'--
~ Pair of -. 

Engl ish WordNet Lcmmati zer Sentences with 
and Shallow Lemmatizer ~ Content Bearing 

r " words list r--
Pair of Lcm matizing Algorithm 
Lemmatized Evaluation 
Sentences 

'-- 11" Order Alignment 
--+ Alignment 

information 

r-- -- Final al ignment r 
English 

i'--- ..../ WordNet 
Engl ish-Kam baati ssata Enhanced English-
Electronic Oictionarv Kambaatissa ta 

r Bil ingual 
Dictionary enhancement Electronic 

Dictionary 

System Evaluation i '-..... 

Figure I: The Architecture of the System 

4.3.Text Preprocessing 

The data used for the experimentation o f thi s research is the parallel text corpora of 

Eng l ish and Kambaatissata. There was scarceness of para ll el corpora of Engli sh and 

Kambaati ssata . But there are some texts avai lable as the parallel texts for both 

Engl ish and Kambaati ssata. These texts were the Eth iop ian Federal Republic 

Constitution of ( 1995), trainin g material for teachers of mother tongue teaching in 

the prim ary schoo ls of SNNPR Kambaata Tambaaro Zone Kadida Gamela Woreda 

and the Bible story book for children. The total number of data of pa ra llel texts was 

1, 194 sentences . 
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The corpora were made to pass through a series of preprocessing steps. These were 

presented below step by step. 

4.3.1. Changing Capital Letters into Small Cases 

All letters of both language texts were changed into the small letter cases. This was 

done in assumption of the same word could be found in the same letter case. This 

was done by usi ng 10werO function of the python. As a result. the distinction 

between the word The and the is ignored. Changing all into small letter case was 

preferred since majority of letters in the written texts are in small letter case. This 

was done on the python programming language by having the foll owing algorithm. 

Algorithm for Changing Capital Letter Cases into Small 

Input: Kambaatissatal English/ raw texts 

Output: Corpora in lower letter case 

Initialize list 

While not end of file of Kambaatissata/English/ text do 

if other case 

change into small letter case and put the changed token into list 

end if 

end while 

Algorithm I : Algorithm for Changing Capital Letter Cases into Small 
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4.3.2. Removing Punctuation Marks 

There are different punctuation marks and symbols in written texts which are put 

intentionally or unknowingly. Even though they have different grammatical 

functions in the written texts, they callIIot carr¥ the main content of the text which is 

used in bilingual electronic dictionary creation. Due to that, they were removed from 

both Kambaatissata and English texts by having the following algorithm. 

Algorithm for Removing Punctuation Marks 

Input: Kambaatissatal English! small letter case raw texts 

Output: Cleaned corpora (without punctuation marks) 

Initialize list 

while not end of file of KambaatissatalEnglishl text do 

if punctuation marks 

remove and put the token into list 

end if 

end whi le 

Algorithm 2: Algorithm for Removing Punctuation Marks 

4.3.3. Tokenization 

Tokenization is the process which takes place before any rea l process which can be 

applied on the input text. Concerning this research, tokenization is done using the 

NLTK default (white-space) as the word delimiter. This was done using the 

following algorithm. 
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Algorithm for Tokenization: 

Input: Kambaatissatal Englishl raw texts 

Output: Tokenized corpora 

Initialize list 

while not end of file of Kambaatissata/Englishl text do 

if white space 

sp lit and put the splited tokens into list 

end if 

end while 

Algorithm 3: Algorithm for Tokenization 

4.3.4. Removing Stop Wurds 

There are stop words list of English words in the NLTK corpora but there is no stop 

words list of Kambaatissata readily available. Thus, the researcher consulted the 

domain experts of the language and prepared them by identifying the English 

equiva lent from the NLTK corpora. 

Kambaatissata stop words can be inflected for different purposes. Because of that, 

they can be fo und in different fonns. In addition to inflecting, some of them can be 

found as different words with the same meaning like ' fe ' and ' indo ' to represent the 

Engl ish ' 01" and also attached as suffix like 'martan-indo waltan' will you come or 

go. These all forms of stop words were identified and removed from the raw text of 
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Kambaatissata. Independent stop words of Kambaatissata identified for this research 

are 156 in number. 

In general, the identified Kambaatissata stop words include personal pronouns, 

demonstrative pronouns, relative pronouns, reflexive pronouns, conj unctions, 

prepositions, modal verbs and quantifiers. 

Personal pronouns include those mne independent personal pronouns which are 

listed in (Treis, 2012). These include an, at, a'lU1U, IS , Ise, issa, na 'oot, a'nno'oot, 

and isso' oat. 

In addition to personal pronouns, demonstrative pronouns were listed as stop words 

of Kambaatissata. These have included kaan, taan, kara, tara, kuun, tiin, kuru, tiru, 

kanni, talUle, karri , tarri , kannii(ha), tannee(ha), karrii(ha), tarrii(ha), kanniichch, 

tanneechch, karriichch, tarriichch, kanniin, tanneen, karriin, tarriin, kanneen, 

tanneen, karraan, talTaan, kanne, hikuuphiru, kun, tin, kuru, hika'e and hikan. 

Relative pronouns used in this research as stop words include hakanisse, hakkusii, 

hakkada, hattita, hattiguta, hakku, rna, hakannee, aye and ayebi. 

Possessive pronouns of Kambaatissata which were used as stop words in this 

research include kibha, ki'ineb, nibbi, kiisibiihu ki'nneeesibiihu, issebi issob isseb, 

issib, issiha, hikuuphint, esaa, kun, tin, kuru, gagisib, gagisab, hika'e and hikan 

niibb, nibbihu, and isseha. 

Reflexive pronouns of Kambaatissata which were used as stop words in this research 

include gaggutisse, gaggunkusse, gaggu'nkuk, gaggunku'ne, gaggunkussa, 

gagunkus, gagunkui, gagunnkuune and gagunkus. 

I 
I 
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Another parts of speech which were listed as stop words of Kambaatissata in this 

research include the conjunctions which are found independently. These include te, 

indo, amo, amonichch, amonsi, hittajata, hikkanin, birss i, hikkaj ata, hittajala, tessu, 

ikkodaa, barggammi, ikkodaan, anannagin, te, illanqaxe, illangaxechch, hittiki 

hikkanniichch awwanni, teesuu, bargginini, zakkiin, zakkishshi, hikkusini , hikkus, 

hikkanitaIUlee, bargginini hikkanniga hittigunta ikkoda, 

Prepositions of Kambaatissata were listed as stop words in this research. This was 

because they were listed as stop words of English in the NLTK. These include alin, 

worron, azin, biren, etarin, bi zzi, ale, mererroo, haddan, aaze aazeem, qunxa, 

qunxaan and woroon. 

Modal verbs and be verbs were used as stop words in this research. These include 

yos, yose, yosa, atto'u, danddano dandditaau danddeeno, a 'aa and aa. 

Quantifiers of Kambaatissata were used as stop words in this research. These 

inc lude harru, horunku, xali , xalla, anuku-anuku, amant-amant, qakichchu 

kakichchu gahu, batillllaashsha and hollama. 

The stop words of English were retrieved from the NLTK corpus stop words list. 

These function words were omitted on the assumption that they cannot carry the 

main content of the text and they were not used as the dictionary terms in this 

research. The retrieved English stop words were 128 in number. From those 

retrieved 128 stop words of the NLTK resources, ' dOll , s, and /' were not removed 

from the texts of English. Thi s was because they are not convincing stop words. 

But, the rest 125 stop words were used as stop words of English and removed from 

the English text. 
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In general, 156 stop words of Kambaatissata and 125 English stop words were used 

in this research in order to not be used as the content bearing words. To remove the 

stop words of both English and Kambaatissata texts, the following algorithm were 

used in the python programming language. 

Algorithm for Stop Words Removal 

Input: List of tokenized KambaatissatalEnglishl raw text 

Input: List of tokenized Kambaatissata/Englishl stop words 

Output: Corpora of content bearing words 

Initialize integer n=zero 

For all lists of stop words: 

For all lists ofKambaatissatalEnglish raw text: 

If word/token in list of stop word: 

Assign index of token in the lists of Kambaatissatal English raw text to n 

Delete token with index n from list ofKambaatissatal English raw text 

Algorithm 4: Algorithm for Stop Words Removal 

4.3.5. Lemmatization 

Lemmatization is the process of changing different variants of a word into the same 

word root form. There is WordNet Lemmatizer to find lemmas of English. 

For Kambaatissata the lemmatizing algorithm was done by usmg the fo llowing 

suffixes to be removed. These include I-ssa, -kkaata, -nta, -nka, -hu, -aannu, -
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a :yyoo, -amayyooll, -aagu, -ooiichch, -ammoochch, -00 'iichch, -ammeehaa, 

21mbua, -umba 'a, -chuta, -ichchuta, -chchta, -ndo, -s, se, -chu, -chut, -ichchuta, -

aka!, -ooiichch, -iichch, -am, -aada, -teen, -sNs, -aan, -ichchu, -chchu, -nta, -chUla, 

and -fin. The lemmatization for Kambaatissata was applied using the following 

algorithm, 

Lemmatizing Algorithm for Kambaatissata Raw Text: 

Input: List of tokenized Kambaatissata content bearing terms 

Output: List oflemmati zed Kambaatissata content bearing terms 

Initialize suf= 'ssa' or 'kkaata ' or 'nta ' or 'nka' or 'hu' or 'ammeehaa' or 

'umbua' or 'chuta' or 'ichchuta' or 'ammoochch' or 'a'yyoo' or 'ooiichch' or 

'aa nnu' or ' fin ' or 'aagu' or 'amayyoou' or 'oo 'iichch' or 'chchta ' or 'ndo' or 's' 

or 'se ' or 'elm ' or 'chut' or 'akat' or 'ooiichch' or ' iichch' 

For a ll lists of Kambaatissata words: 

If a word has suffix suf: 

Strip a suffrom a word, 

End if 

Algorithm 5: Algorithm for Lemmatizing Kambaatissata Raw Text 

4.4.Evaluating Lemmatizing Algorithm 

The output of the preprocessed parallel corpora was tested manually. For the testing 

purpose 10% (60 sentences) or 539 terms for English and 430 entries of 

Kambaatissata texts were used by following systematic random sampling technique. 

The number of terms to be evaluated were not the set or unique vocabularies but with 
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repetition. Based on the experiment 72.5% for Engl ish and 70. 1 % for Kambaatissata 

terms were lemmatized correctly. The 24. 1 % for English and 22. 1 % for 

Kambaatissata tenns were retrieved as they were (not passed through lemmatization 

process) and the rest 4.4% of English and 7.8% of Kambaatissata terms were 

lemmatized wrongly. These results were satisfying and encouraged further 

experiments of the word alignment. 

4.5.Sentence Level Alignment 

Much work has been reported in sentence aligmnent using different techniques. These 

techniques include sentence length or word correspondences. Length-based 

approaches use the longer sentences in one language to be translated into longer 

sentences in the other language and shorter sentences to be translated into shorter 

sentences. In the word correspondences approach, probabilistic score is assigned to 

each proposed correspondence of sentences, based on the scaled difference of lengths 

of the two sentences (in characters) and the variance of this difference (William & 

Kenneth, 1993). 

Sentence-length-based methods are relatively fast and fairly accurate. Word­

correspondence-based methods are generally more accurate but much slower, and 

usually depend on bilingual lexicon. 

In Kambaatissata, a single word may be translated into a phrase or a sentence. For 

example, 

English: 'His brothers and sisters' can be translated as: 

Kambaatissata: 'Hizaakas'. 
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Short sentence in Kambaati ssata may be translated into long sentence in English 

and vice versa. For example, 

Engli sh: 'He called his sislers, brothers, sons and daughters for his brother's 

wedding ceremony. ' This can be translated into : 

Kambaatissata: 'Hizes bolochchi os"si hizakas ga 'e 'LI. ' 

The above examples show that the number of tokens or length of sentences is not 

equal. This indicates that it is not possible to apply sentence length algorithm for 

word alignment. There are word alignment tools like NAToois and GIZA++. But 

they need a ligned sentences with equal tokens each. As a resu lt, applying word­

correspondence technique will be effective than length based. Therefore, word­

correspondence approach was preferred for thi s research. Thi s is because it does not 

need know ledge of the languages or the corpus beyond division into words and 

sentences. 

The raw text of both languages have already tokenized and normalized. What left 

was constructing aligned sentences which were ready to be trained on IBMMode11. 

This was done by writing the following algorithm on python programming language . 

Algorithm for Sentence Alignment 

Input: List of sentence of parallel Text of Kambaatissata and English language 

Output: List of aligned Kambaatissata and Engli sh sentences 

Opening file where aligned sentence will be stored 

Writing string [AlignedSent( to file 

Initia li zing counting integer j= I 
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for all token in list of lines 

while j is less than<3 do 

if j is equal to I do 

write sentence tokenized by white space into file 

write comma 1,1 to file 

make the value of j=2 

break 

if j is equal to 2 do 

write Kambaatissata sentence tokenized by white space into file 

write comma as string, to fi le 

write string AlignedSent ( to file 

make the value of j= I 

break 

end while loop 

write string 1 to fil e 

end for loop 

close file 

Algorithm 6: Algorithm for Sentence Alignment 
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4.6. Word Alignment 

Since the main objective of this research is to design bilingual machine readable 

dictionary of English-Kambaatissata from bilingual corpora, it is vital to think of 

machine translation approaches for a lexical translation. Here, there is no need of 

grammatical infOlmation to implement word alignment. For this research word­

translation model, the well-known IBM Translation Modell was preferred. 

4.7. IBMModell Implementation 

As it is known that in each language the number of words in a sentence and the 

order of worcls is governed by the language. Kambaatissata has SOY (subject­

object-verb) order. But the English language follows SVO (subject-verb-object) 

order. When we align words from both languages, we have gotten the challenge of 

not having equa l number of words and tokens in both sentences of both languages. 

In order to so lve the problem, the IBMModel I was used. 

In IBM Model 1 all aligmnents have the same probability by using a uniform 

distribution. Hence, the word order does not affect the alignment probability. It 

describes the essence of statistical alignment as trying to model the probabilistic 

relationship between the source language string S and the target language string T. 

There are many ways we could define P(S/T) when P = probabi lity, S = source 

language word , and T = target language word. A very simple but natural model is 

one based on lex ical translation that is word-to-word translation. 

IBM Model I assumes that each word in a given language is a translation of exactly 

zero or one word of the target language, (Koehn, 20 I 0). That is why this model was 

selected and implemented in this research. 
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In a paralle l text (or when we tra nslate), we align words in one language with the 

wo rds in the other. There is formalizing al ignment with an al ignment fu ncti on here. 

Mapp ing an Engli sh target wo rd at posit ion i to a Kambaatissata source word at 

pos iti on j with a functi on a: i ~ j . We would li ke to estimate the lex ica l translation 

probabilities t(elk) from a parallel corpus but we do not have the ali gnments. If we 

had the al ignments, we could estimate the pa rameters of our generative model. I f we 

had the parameters, we could estimate the alignments. The data is not complete by 

itself. If we had complete data, we could estimate a mode l. If we had a model, we 

cou ld fi ll in the gaps in the data . This problem leads to the expectati on maximization 

of the IB M Model I. 

Expectat ion maximization (EM) in its init ial stage ass igns equal probability fo r all 

words uni fo rml y. The algorithm runs upon a sentence-ali gned parallel corpus and 

generates word alignments in ali gned sentence pa irs. The process is divided into 2 

main stages. 

Stage I: Studies word-to-word translation probabi li ties by collecting evidence of 

an Engli sh word were the tra nslat ion of a Kambaatissata word from the pa rallel 

corpus. 

Stage 2: Based on the translation probabil ities fro m Stage I, generates word 

ali gnments for aligned sentence pa irs. For example: 

.:. in itialize model parameters (uni form); 

.:. assign probabilit ies to the miss ing data; 

.:. estimate model parameters from completed data~ 

.:. iterate steps 2-3 until convergence; 
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Example: The English and Kambaatissata pairs of sentences are aligned below: 

Figure 2: The English and Kambaatissata Pairs of Sentences A li gnment Example 

In the initial step all alignments equally likely . Then, the model learns that seem is 

often aligned with Constitution, mimi is with house, and hasisa is with important 

and do in the same way for the whole words throughout the whole corpora and 

finally creates a pigeon hole principle or a model. This reveals the inherent hidden 

slrudure. This is done by counting the probability for the words alignment and then 

creating the translation model. 

EM Algorithm consists of two steps. The first one is expectation step which applies 

model to the data. Parts of the model are hidden; here they are alignments. In this 

step, the algorithm assigns probabilities to possible va lues using the model. The 

second step is the maximization step. It estimates the model from data. To do so, it 

takes assigned values as fact by collecting counts (weighted by probabilities) then 

estimates the model from counts. It iterates these steps until convergence done 

finally. 

In general, it needs to be able to compute probability of alignments in the 

expectation step and COLUlt collection in the maximization step. 

49 



Designing Engli sh-Kambaat issata Bi lingual Electronic Dictionary: Us ing Parallel Corpora 

4.8.English-Kambaatissata Bilingual Electronic Dictiona ry Creation 

After the implementation of the IBM model I , the next step was making a 

Kambaatissata-English or English-Kambaati ssata bilingual dictionary. This was done 

by having an alignment of Engli sh word with maximum probability of the 

Kambaatissata equivalent word. This was done by having the following algorithms 

which indicates the maximum probability word as the translation of English­

Kambaatissata 

Algorithm for Constructing Dictionary from Results of IBMModell 

Training 

Input: List of aligned sentences 

Output: English-Kambaatissata dictionary 

Opening file where dictionary wi ll be stored 

for all list of English words: 

initialize 111=0 

for all list of Kambaatissata words: 

if aliglll1ent probabili ty of English word to Kambaatissata word > m: 

m = aligrunent probab ility of English word to Kambaatissata word 

write newline to the file 

write English word to file 

write single space to file 

write Kall1baatissa ta word to fi le 

end if 
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end for 

end for 

close fil e 

Algorithm 7: Algorithm for Constructing Dictionary from Results of IBMModell 

Training 

4.9.Enhancemenl of Kambaatissata-English Electronic Dictionary with English 

WordNet 

Most bilingual dictionaries do not contain the detailed information that is necessaIY 

for translation, (Deshmukh, D. L. 20 II). In order to so lve such problem, the 

enhancement is done using the English WordNet. 

In the previous stage of the dictionalY making what is done is mapping one word of 

Kambaatissata with its equiva lent in English. This is not as such sat isfactory since it 

loses many other dictionary features. In order to reso lve this problem, mapping of the 

created dictionary with the English WordNet was done. This enabled the created 

dictionary to have additional dictionary features. These extracted features were 

glosses and POS. This extracted feature of the dictionary from the Engl ish WordNet 

has enhanced the created bilingual dictionary ofKambaatissata-Engli sh. 

4.9.1. Extracting Gloss from WordNet 

WordNet is a large lexical database of English and it is publicly available. In it, 

nouns, verbs, adjectives and adverbs are grouped into sets of cognitive synonyms 

(SynSets), each expressing a distinct concept. A SynSet contains a brief definition 

("gloss"). 
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From the object ive of this research, extracting gloss from WordNet for each 

automatical ly a ligned English term to enable the Engl ish-Kambaati ssata machine 

readable use r to understand the meaning of Eng li sh wo rd with different context. So, 

the gloss o f each Engli sh term is extracted using the algorithm presented below. 

Algorithms for Extracting Glosses from E nglish Word Net 

In put: list of Engli sh-Kambaatissata dictionary words 

Output: English-Kambaatissata dict ionary with parts of speech 

Initi alize dict = {} 

for all list of English-Kambaati ssata dict ionary: 

put Engli sh word as a key and Kambaati ssata word as va lue into di ct 

for al l key and va lue in dict: 

fo r all sense of key in WordNet: 

ext ract definit ion of sense from WordNet 

Algorithm 8: Algorithm for Extracting Gloss from Eng li sh WordNet 

4.9.2. Extracting pas from English WordNct 

T he majority of the WordNet 's re lations connect words from the same part of 

speech (POS). That is because WordNet consists of four POS; nouns, verbs, 

adjectives and adverbs. Here, these fo ur POS were extracted for each dictionary 

term from WordNet. The algorithm for extract ing POS for each Engli sh di ct ionary 

term from WordNet is presented below. 
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Input : list of English-Kambaatissata dictionary words 

Output: Engl ish-Kambaati ssata di ctionary wi th English gloss 

Initi a lize di ct = {} 

fo r a ll list of Engli sh-Ka mbaat issata di cti onary: 

put Engli sh wo rd as a key and Kambaati ssata word as value into d ict 

for all key and va lue in dict: 

for a ll sense of key in WordNet: 

extract parts o f speech of sense from WordNet 

Algorithm 9: Algorithm for Extract ing POS for each Dictionary Term from 

WordNet 

4.10. System Evaluation 

There are two wide ly used ways of evaluati on for automatica ll y extracted di ctionaries. 

These are automatic comparison with ex isting electronic d ictionary and manual 

evaluat in g a subset of the dicti onary terms. S ince, there is no Engli sh-Kambaatissata 

mach ine readable bil ingua l dictionary, the second technique was selected for the 

purpose of evaluation of the Engli sh-Kambaatissata bilingua l di ctionary extracted 

during th is study. Th is was done by fou r language experts who can speak and write 

both languages. 

Fro m the 1365 total vocabu lari es 20 percent (273) dict ionary entri es were eva luated. 

The selecti on of the entries were done randomly form the d icti onary by pick ing 
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every 5th entry. Each selected entry from the subset was assigned 'correct (C)' or 

'somewhat correct (SC)' or 'wrong (W)'. 

There is a result of the evaluation below in the graphical representation. 

140 

120 
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40 

20 

o ~-------'---------r--------~--------( 
Accurate Somewhat 

Accurate 
Wrong 

Figure 3: Results of the Manual Evaluation of the Extracted Dictionary 

With the assumption of giving a single measure of the accuracy of the dictionary 

generated, it was combined the results by using the following formula (Charitakis, 

2007). 

Accuracy = Correct Translations + 0.5 * Somewhat Correct Translations 

Number of Translation Evaluated 

For example, if there are SIX translations, two are accurate, two are somewhat 

correct, and the last two are wrong, then the accuracy '.vill be (2+0.5*2)/6=3/6= 

50%. 
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Accuracy ~ 126+ (0.5*84) ~ 0.6153~6 1.5% 

273 

By using this formula, it was concluded that the accuracy of the extracted dictionary 

was 61.5%. 
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CHAPTER FIVE 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

Before any experimentation stage, the gathering of parallel corpora of English­

Kambaati ssata was done. The co llected corpora were not ready for bi lingual 

electronic dict ionary creation and in general for NLP application. Because of this 

reason, it passed through series of preprocessing. Then, aligmnent of the source 

language texts into its equivalent parts in the target language was done. This was 

done in two levels; sentence level and word leve l. Sentence level aligmnent was 

done by using the python programming language module called align. On the other 

hand, word alignment or dictionary creation was done by using purely statistical 

machine translation tool the IBMModel I of one of the python models. The tool was 

selected because of its application that it is not dependent on linguistic information 

like word order and number of words in the source language sentence and in the 

target language sentence. It simply makes word alignment based on probability and 

for this research it was assigned to use maximum probability to be the alignment. 

After dictionary generation, its enhancement took place. 

The generated bilingual electronic dictionary had no other dictionary features like 

POS, glosses etc. rather it was simply mappings of word equivalents. In order to get 

the missed dictionary features, enhancing the dictionary entries with English 

WordNet was done. After doing so, perfonnance measuring of the bil ingual 

electronic dictionary performed by looking the accuracy of the system output or 

generated dictionary entries with domain experts who ca n speak and write both 
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languages. As the eva luation result indicates, the system translated 6 1.5% 

accurately. 

This accuracy measured value indicated that the system missed 38.5% of the data to 

translate correctly. This can te ll us that there were limitations for the resea rch. This 

can lead us to see each steps of designed English-Kambaatissata bi lingual electronic 

dictionary. There were limitations identified as the fo ll owing: 

.:. There was lack of standard parallel corpora. This means there was no 

parallel corpora of large in number and aligned in the sentences leve l. If so 

it wou ld be easier to generate bilingual electronic dictionary with better 

performance and following simple steps . 

• :. The English WordNet lemmatizer which was used to lemmatize the 

English text could not handle the whole text properly. It fai led to handle 

27.5% of the data correctly. There were the same shortcomings of the 

shallow lemmatizer designed by the researcher to lemmatize 

Kambaatissata tex t. It lost 29.9% . 

• :. Every language can be governed by its own. Due to that there were places 

which were not answered by lBMModel I. Since it does not consider any 

linguistic information. 

In general, bil ingual electronic dictionary is one of the very important linguistic 

resources. It is used for cross-lingual infonnation retrieva l, machine learning and the 

like applications in addition to its indirect applications of overall development of the 

nations. In addition to this importance, it is very use ful for the people who like to 

make a study on the area of bilingual electronic dictionary as well as related 
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like applications in addition to its indirect appl ications of overall development of the 

nations. In addition to thi s importance, it is very usefu l for the people who li ke to 

make a study on the area of bil ingual electron ic dicti onary as well as related 

lingui stic resources like WordNet and thesaurus by having thi s study as motivation 

as well as by using the algorithms in some ways . 

6.2. Recommendations 

Research is a means to give so lutions for the world' s everyday problems. Due to 

that, all stake holders should take part directly or indi rectly in the research work. 

The current study hopefull y, has demonstrated the poss ibility of developing and it is 

a promising fi eld fo r future improvements. The area is just at its initial stage. 

Developing th is area requires the collaboration of researchers and funding 

organi zations. Based on the result of the current study, it is important to recommend 

the fo ll owing points for future investigation and co llaborative work . 

• :. Generating automati c electronic di cti onary needs standard para llel corpora for 

testing and making experimentation. But there is no standard parallel corpora 

deve loped yet. This is an area of future research. Thus, researchers, government 

and funding organizat ions should work together to develop standard para lle l 

corpora for Engl ish-Kambaati ssata . 

• :. The sha llow lemmatizing algorithm used in thi s study doesn' t work well for every 

words in the language. Additionally, there are conditions which never addressed 

by the shallow lemmatizing algorithm. Hence, there should be further study to 

come up with better Kambaati ssata lemmatizer. 

.:. The Engli sh WordNet lemmatizer used in thi s resea rch cannot work for all 

Engl ish words. It is a good research area to improve Engli sh WordNet lemmatizer. 
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.:. The study was conducted for the fi rst t ime by using sta tisti cal mac hine trans lation 

approach of English-Kambaatissata bilingual electronic dictionary. It wasn' t 

compared to any other bili ngual dictionary designed by th is approach. Further 

study is needed to fi gure out the better approach that works for automatica ll y 

des igning English-Kambaati ssata bi li ngua l e lectroni c di ct ionary . 

• :. To enhance Kambaatissata word senses, it is important to have Kambaati ssata 

WordNet. T herefore, future projects could be investigated to fill the gap . 

• :. The accuracy of the designed prototype was 61.5%. To improve its accuracy, the 

questi ons li ke word order, inflectiona l paradigms, morphologica l complex ity, etc. 

which are vita l importance for the fina l success should be answered. Therefore, 

des igning the E nglish- Kambaati ssata bilingua l electronic dictionary considerin g 

word order and morp hological complex ity is very important future research area 

to come up with . 

In general , government, researchers, non-governmental fundin g organizations and the 

soc iety in general should invo lve in solving the prob lem by contributing what we can. 
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Annexes 

Annex I. List of English Stop Words 

All Were Being For Himself 

Through Such Had Herse lf From 

Was Yourse lves About Ou rs Do 

Does Them On ly Because Should 

Both At They Those Nor 

Themselves Ourselves Once Me Below 

Until Its Itse lf Further Whom 

Am Your When I-lim Above 

I-laving Wi ll Or Then Where 

Hi s Again These What To 

With Own She Most Myself 

Hers Up Did Which For 

After Against Each Of Any 

Wh ile How Some Between Very 

So Not Doing On Who 

That Have He Are Into 

Be Few Down Th is 

Too Here If Out There 

Than Is Her Been An 
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The Du ri ng Over A Now 

More In Both Yourse l f Where 

Do But Yes We Under 

Through Can As You orr 

By Yours Their The irs It 

Had Are My They Before 

Same No Him Why And 

Other Just Our All 
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Annex 2. Li st of Kambaatissata Stop Words 

kan ni tanne at a 'nnu is ise 

karrii chch na 'oot a'nno'oot isso'ool kaan 

taan kara tara kuun tf in 

kuru tiru an karri ta rrf 

kannfi kannfiha tannee tanneeha karrfi 

karrfiha tarrfi larri iha kannfichch issa 

tanneechch larrf ichch kannf in tanneen karriin 

tan-fin kanneen tanneen karraan larraan 

kanne hikuuphiru kun lin kuru hika 'e 

hikan hakanisse hakkusi i hakkada hattita hattigula hakku 

ki ' nneees ibiihu ma hakannee aye ayeb i 

batinnaashsha ki' ineb nibbi kii sibii hu issebi issob 

hikuuphiru issiha esaa kun lin 

kakichchu kuru gagisib gagisab hika 'e 

gaggun kussa hikan niibb ni bb ihu isseha 

gaggutisse gagunkus te indo amo 

gaggunkusse birssi gaggu'nkuk gaggun ku ' ne gagun kus 

gagunkui amonsi hittajala hi kkajata hi kkan in 
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gaglinnkliline amonichch tessli hi ttajata ikkodaa 

barggamm i ikkodaan anannag m teeslill illanqaxe 

illanqaxechch hitt iki won"on te awwanni 

bargginini zakkiin zakkishshi hikkll sini hikkll s 

ik koda alin qak ichch ll mererroo haddan 

hikkanitannee bargginini hikkanniga hittigllnta aaze 

hikkanniichch az in bi ren etarin yo sa 

amant-amant qllnxa qUllxaan woroon atto 'u 

danddano a'aaaa kibha hornl horllnkll 

dandditaall yos xall a xa li qahll 

danddeeno yose hollama iss ib isseb 

anllk ll-anllkll ale aazeeni bizzi kll 
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Annex 3. Sample Aligned Sentences 

[A li gnedSent(['aim', 'language', 'teach', 'e nable ', 'student', 'four' , 'language', 'skil l', 

'listen', 'speak' ~ 'read', 'wr ite' ] ~ [' afoo', 'ros', 'qol11e' ~ 'quuxu', 'ros', 'sholo\ 'afoo', 

'dand', 'gonu', 'xawaaqq', 'anabbab', 'xaaf, 'l11ooshsh', 'dag', 

'm esh ees hsh ')),A I ign ed Sent( [' kam baata', 'language', 'true', 

'language'] , ['Kambaatissata', 'a foo', 'a foo', 'garita')) ,A I ignedSent(['student' , 'ab le', 

'use' 'four' 'language' 'skill' 'IJOssible' 'use' 'language' 'without' 'p roblem'] ['ros' , " " " ( , , " 

'sholo', 'afoo', 'dand', 'l11ooshsh', 'dag', 'afoo', 'hawwu', 'ta\x92mminui', 'dand', 

"amm a'n "] ),A I i gned Sen t(['prob I em', 'speak', 'Iiste', 'fi rst', 'language', 

'eha Ilege'],['a foo', 'bac', 'xawaaqq', 'gansu', 

'hawwi')),A I ignedSent(['ehallenge', 'write', 'read', 'write', 'language'],['kee\x92mm', 

'afoo', 'afoo', 'xawaqq', 'afoo', 'a nabbab')),Al ignedSent([ 'make', 'first', 'language', 

'skill ', 'fuJI ', 'develop', 'language', 'important', 'advance', 'four', 'skill', 

'Ianguage'].['afoo', 'dand', 'a foo', "Ie'ga" , 'sholo', 'afoo', 'dand', 'mesheeshsh', 'has'])] 
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Annex 4. Sample Result of Aligned Engli sh-Kambaati ssata Words Us in g 

IBMMode 11 with thei r Alignment Probab ili ty 

Represent tuk 0.398768096352 

Code sera 0.49999999915 I 

Customary ken 0.33703002 165 1 

consider xud 0. 159295724202 

chinese le'ii 0.50772064645 1 

declaration chay ina 0.174225526639 

bear baz i 0.3022 19565 116 

ye llow bu la 0.1 10984449503 

month aggana 0.1 92692437448 

fo ur sho ll o 0.511053170506 

cooperat ive xaaxxita 0. 16528202581 1 

skin gogga 0.499932128537 

fo ll ow awwant 0.999999766528 

loya lty mooltoo i i 0.0938217 159 168 

settlement faqaadi 0.142857 11894 1 

logographi c lagaamu 0.957574719429 

row hoya 0. 10 1899650352 
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othrwise daqqam 0,25 

pardon fa unyita 0,250034773 307 

solution ke'iaa 0,5000006 13 136 
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