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ABSTRACT 

This thesis focuses on the construction of English-Amharic 

electronic subject dictionary for science and technology 

mathematical terms . 

Development of the local languages in the third world 

countries becomes important issue for developing and keeping 

cultural heritage. The problem and solution to make Amharic a 

medium of instruction are investigated in the research. The 

existence of the electronic dictionary for science and 

technology terms will promote the performance of professionals 

to translate science and technology documents and to prepare 

document in the field. 

An information system is developed that provide basic 

information and the procedures are described in this document . 

The performance of the system is also tested using document 

file and user queries as inputs. The result shows the output 

information accuracy is inversely proportional to the number 

of concept bearing words in t he query. 
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1.1 
1.1.1 

Background 
Introduction 

CHAPTER ONE 

1 THE PROBLEM 

Rapid strengthening of national scientific and technological 

capabilities is becoming obligatory in all developing 

countries. One of the ways to r ealize this objective is 

through dissemination of scientific a nd technological concepts 

among the peoples (Girma Yilma, 1987). The most important 

means of disseminating science and technology concepts is the 

use of language. But only well-developed languages have the 

ability to transmit the concepts properly to the peoples. 

According to Girma (1987 ) , the dissemination of science and 

technology concepts can be done in two ways. The first way is 

by modernizing the local language(s) so that it can be able to 

transmit the concepts to the society without problems. The 

second alternative is the use of one of the well-developed 

foreign languages, which require extensive training in the 

language by the society. 

According to Bisrat (1987) , some of the developing countries 

appear to be trying to solve such problems by adopting one of 

the developed European languages as a medium of conducting 



science and technology in their respective countries. But 

language is not only a means of communication but also it is a 

storehouse of culture, tradition, history, etc. 

When one society becomes exposed to another modern society 

they will encounter many science and technology concepts that 

are not part of their traditional world. In most cases, they 

will simply borrow words from another language and sometimes 

they will create their own terms by redefining existing terms 

or by resurrecting old terms that are no longer in use and 

give them new meanings in order to talk about t hese 

technologies. 

The development of science and technology breaks the 

geographic barriers of societies for their contact and 

transfer of technology, culture, information and other human 

properties . As a result some communities fear that the use of 

loan words to transmit new science and technology concepts 

will erode their language and culture and so attempt to keep 

their language pure. 

Even though the implementation of each of the above methods 

has their own cons and pros, development of ones language is 

the most realistic and rational choice for developing country 

like Ethiopia. It was with this view that the Science and 

Technology Terms Translation Project (STTTP) was launched. 
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1.1.2 Education in Ethiopia 

Ethiopia is an ancien t country with a very rich cultural 

heritage, possessing its own alphabet and literature. 

Formal education started in Ethiopia during the fourth century 

when Christianity began as a well-organized religion in the 

country (Britannica 1996). The advancement of education has 

strong relation with the Orthodox Church in Ethiopia. 

. 
According to Van Horn (1997), the Church had total control 

over education for about 15 00 years. In addition to the 

schools of the Church, there was Qur ' anic schools in the 

western part of Ethiopia. 

Education in Ethiopia has changed tremendously since 1800' s, 

because the government has made an attempt to improve 

children's education. Emperor Minilik II formed the European 

modeled school in 1908. The real development of the 

educational system came after World War I when Emperor 

Haileselassie was c r owned (Van Horn, 1997) . 

The first college in Ethiopia was founded in 1950's with 

limited resources and staffs. A number of policies were 

formulated and implemented by the ruling class to increase the 

effecti veness of education as well as the enrolment rate of 

children in rural and urban areas of the country. However, the 

enrolment rate is even now very low which indicates that a lot 

3 



has to be done by the government as well as the public and 

community to achieve a better result (Nguyen, 1998). 

The literacy rate of Ethiopia is about 32.9%, which is one of 

the lowest rates in Africa. This can be an indicator to the 

performance of educational service of the country (Weber , 1998 

as cited by Van Horn 1997). The Ethiopian educational system 

is considered as poor. Ethiopian children are behind children 

in other African countries in acquiring basic academic skills 

such as reading, writing a nd mathematics . 

In recent years, the involvement of the government and the 

private sector has made education opportunities wider and has 

resulted in a new structure than the education system 

implemented in the 1950's. In the 1950 ' s formal education was 

composed of six years of elementary school, two years of 

junior elementary, and four year of senior secondary. Students 

then took the Ethiopian School Leaving Certificate Examination 

at the end of grade twelve. 

"The current strategy adapted by the government is to widen 

the base of the system, to diversify the structure 

significantly with emphasis on vocational and technical 

training, and to make education relevant to the culture of 

Ethiopia" (Of can sky 1993 as cited by Van Horn 1997) . 

4 



In spite of the various problems that Ethiopia has, it is 

moving rapidly from policy making to implementation in the 

provis i on of mother tongue education (MTE) for its entire 

peopl e. The transitional government of Ethiopia has done a lot 

i n capacity building (language standardization, orthography 

deve l opment, training, material production , etc) for the 

success o f the MTE for all ethnic classes. 

1. 1. 3 The Amharic Language 

Like any other sub-Saharan African country, Ethiopia has 

complex pattern of cul tures and languages. One of the 

specifier of the Ethiopian culture is the availabi lity of 

different languages . But , unlike the sub-Saharan African 

states, Ethiopia has old tradition of writing , which existed 

since the Axum civilization. This tradition or writing helped 

t he transcription of the Gee ' z language. From Gee ' z , other 

languages like Amharic , Tigre, Tigrigna , Argoba , Harar i etc~ 

were developed as modern Ethiopian language (Chi rs tine) . 

Gradua l ly, Amharic became the working language of the 

Et h iopian court, which hasn ' t the capability of f ull y 

t r anscribing in to a written form. According to Levi ne as 

cited by Christine, in 1620 ' s one can eas i ly obse r ve the 

development of Amharic language since anyone t hat knew the 

5 



language can communicate to a large mass of the society . 

Through slow process, Amharic became both spoken and written 

language with a place in education. Until the end of the 19 th 

century, Amharic was not a language of education . It was at 

the end of of the 19 th century, it began to repl ace Gee ' z as 

t he language of secular education. Amharic was used as a 

medium of instruction for elementary students for a period of 

time. Currently, it is also used as a medium of instruction 

for j unior secondary education in the regions that use Amharic 

as a first language. 

1.1.4 Orthography of the Amharic Language 

Orthography is the branch of linguistics that studies the 

elements of written language such as letters, punctuations and 

spellings. The written mode of the Amharic language has 

let ters arranged in 7 columns ("I01P 1J,e?" l <'\t\{) l 6-110 l dt?"{) l <,\~ll' 

<'\110) and 35 variety of letters arranged in rows. In addi tion to 

t his, there are more than 25 irregular forms of the Amharic 

l etters . 

Orthographically , some of the Amharic letters has i dent i cal 

pronunciation , which creates inconsistency on written 

documents. Some of these are : 

.:. 0 &n 

.:. U, dt, &'1 

6 



This inconsistency should be removed through standardization 

of the Amharic letters to simplify Amharic document 

processing. In addition to the orthographic problem that we 

have seen above, the character mapping of the available 

Amharic software's are poorly constructed. This creates a 

problem in order to use them to process the electronic 

version of the Amharic document . The most appropriate 

solution to this problem is standardization of the Amharic 

character. However little has been done in the area of 

standardization of the orthography of the Amharic language. 

Recently an association, namely t he Ethiopian Computer 

Standard Association (ECoSA) , that works on t he 

standardization of the characters of the Amharic letters , 

the keyboard layout and on character mapping have been 

formed. 

Communication is enhanced when standardized ways of writing 

and spelling and standard terms for technologica l phenomena 

are agreed upon and used within a speech community (Martin) 

[onl i ne 2 1] . 

In information retrieval (IR) systems hosting unrestricted 

text, the task of matching one string of characters to 
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another string of characters would be difficult unless there 

is a normalizing algorithm that processes both the document 

text and the query text. In the process of information 

re trieval that searches information from a database, 

normalization of documents can be attempted before, which 

shield searchers not to consider simple process but avoid 

relevant document from retrieval. For instance, problem of 

upper case and lower case letters can be avoided first . This 

normalization helps us to find common words of both the 

query and document (Brook, 1998). 

The ideal aim of normalization is to produce the smallest 

distinctive unit of a language called lexemes or lexical 

words, which usually consists of a single word but some 

times multiple words (phrase). Due to the incompleteness of 

grammar or lexicons for a language, it is very difficult to 

obtain adequate parsers for a text in the process of 

normalizing a document based on the natural language parser 

(Hindle as cited by Brook (1998)). 

According to Brook (1998), the identification of token or a 

word from a text is one of the fundamental problems of any 

mechanical process. He also classifies a word as graphic 

word, compound word, merged word and pseudo word. 
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According to his definition , graphic word is a string of 

letters demarketed with space that may contain only hyphen 

and/o~ apostrophes whereas compound word is string composed 

of other words, either appearing as continuous strings in 

hyphenated form, or linked with space. Merged words are 

words in which two words are merged to reflect a reduction 

in spoken l anguage. And pseudo words are words that have 

been linked together by hyphen. 

1.1.5 Language Issues 

Language has variety of natures , function and properties for 

the society. According to Ngra (1976) the f o llowing are some 

of these functions and properties o f language : 

.:. Language is a human property 

.:. Language is a system of sounds , structures, lexical items 

and meanings 

.:. Language is a symbolism 

.:. Language has written and spoken modes. 

It is very important to create awareness and use the cultural 

value of oral literature to the cit izen of a country . But i n 

most third worl d countries , ~ local language studies is very 

abstract in nature and often sound very esoteric and l ess 

familiar than the study of English or French whose terminology 

9 



is more commonly understood by average educated perso~ 

(Ngra , 1976) The Amharic language study is also at a very 

infant stage; which is more of mechanical , theoretical and is 

still underdeveloped. 

The effort of STTTP, which was an attempt to replace the 

foreign language loan words/expression by Amharic 

word/expressions, is significant because it proved that 

Amharic has adequate possibility of creating its own 

expression for newly invented concepts. 

Language development involves working with speakers of less 

well-known languages to help them achieve their goals as a 

community through language planning and inter cultural 

development efforts. In some cases this means the deve l opment 

and promotion of written forms of their language and the 

production of literature (online document) . 

All languages have about the same level of structural 

complexity and all are capable of allowing their speakers to 

describe the world in which they live (online, 21) but not all 

languages have words/phrases for all concepts of the world . It 

doesn ' t mean that they are not capable of expressing that 

concept. It is possible to provide new functions to any 

language. 

10 



1.1. 6 Issues and considerations in teaching using local 

language 

Education in Ethiopia dated back l ong ago; but before 1900 

education was limited to the use of Amharic and Ge'ez 

languages in religion . Emperor Menilik II established the 

first governmental school in 1908. The mediums of instruction 

for the modern education offered in Ethiopia were: English , 

French , Oromigna and Amharic. Modern Education became more 

organized after the establishment o f Ministry of Education i n 

1930. 

According to Ass e fa G/Ma riam (1982), Amharic was the court 

language or "language of the king" in the 13 th century and was 

the only language that was privileged . Amharic became the 

"national" or "official" language of Ethiopia in the revised 

constitution of 1955. It also became the medium of instruction 

in all elementary schools, in Ethiopia . Today Amharic is the 

medium of instruction in elementary schools in Amhara region, 

Addis Ababa and Diredawa and in junior secondary schools in 

Amhara region and Diredawa . 

The contribution o f a language to the development of a country 

is unquestionable. According to STTTP publication (Bisrat, 
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1987), there exist two different ways of language use for 

fostering modern science and technology development in third 

world countries. 

These are: 

1. Adopting one of well-developed European languages (like 

English and French) that can fully express concepts of 

science and technology and teach the adopted language to 

the citizens in order to spread the knowledge of the 

science and technology in the society. 

2. Moderni ze the local language so that science and 

technology concepts can be transmitted to the society 

through these local language(s). 

The second alternative is the best if possible, since learning 

using local language is easier than learning using foreign 

languages. Especially in third world countries, where the 

highest proportion of the population is illiterate, the second 

option is the only alternative to spread knowledge of science 

and technology among all citizens of the country (STTTP 

publication) . 

The second alternative presupposes that every language can be 

a language of science and technology if there is an effort in 

developing the language. 

12 



Many African and Asian languages are now being modernized in 

order to serve for spreading of Science and Technology. For 

example , there was a big effort in Korea to change the medium 

of instruction of the country to local language. Egypt, 

Malagasy, and Tanzania in Africa , Israel in Asia are a lso 

countries that are good examples in modernizing their 

languages with great efforts by their governments, policy 

makers and professionals (Yanni, 1987; Anber, 1987; 

Rahaingoson, 1987; Massamba, 1987). Japan, India, and Turkey 

are also countries that use their language for spreading 

science and technology to their society (STTTP publication) . 

According to Abrham (1968), since the end of the 19t h century, 

Ethiopia has witnessed uncontrolled influx of scientific and 

technological terms . It was also the time when Ethiopia opened 

her door to welcome everything t hat modern science and 

technology had to offer. 

Therefore given that education is a tool for creating 

awareness among the society, Ethiopia should work a lot in 

modernization of the Amharic language and the vernaculars. 

13 



1.1.7 Efforts of the STTTP 

The Science and Technology Term Translation Project (STTTP) 

funded by the United Nations Interim Fund for Science and 

Technology for Development (IFSTD) was implemented under the 

Academy of Ethiopian Languages. 

The Academy of Ethiopian Languages has been set up by 

replacing the previous Amharic Language Academy, which was 

established in 1972 with a government order No. 79 to 

facilitate and standardize translation of words into Amharic 

(Amsalu, 1986). 

Ermias & Demissu (1974 E . C . ) explain the purpose of the STTTP 

as follows: 

"The significance of developing Amharic as a medium of 

instruction in schools as well as improving the capability 

of this language in transmitting science and technological 

concepts through the mass-media and also facilitating 

absorption of science and technology concepts by ordinary 

people were underlined while formulating the terminology 

project . " 

In addition to this the maj or developmenta l obj ecti ve of 

the project were: 

14 



" a) To provide a medium through which scientific and 

technological knowledge can be easily disseminated and 

absorbed at all levels of the society. 

b) To facilitate the mass educational objectives of the 

government both in and out of school . 

c) To harmonize the relationship and narrow the gap in 

scientific and technological understanding between lower, 

middle and upper echelons of national science and 

technology manpower, by the use of a common standardized 

Amharic science and technology terminology as far as 

possible. 

d) To improve the delivery and assimilatory efficiency of 

technical based projects at the community level." 

To implement the STTTP , 13 disciplines that deal wit h the 

basic sciences and technology were selected. 

Agriculture, Botany, Building Construction, 

These were 

Chemistry, 

Electro-Mechanics, Geography, Geo logy, Mathematics, Medicine, 

Nutrition, Physics, Statistics, and Zoology (Amsalu , 1986). 

The proj ect was subdivided into three phases: compi l ation of 

terms, translation of terms, and preparation of illustrated 

booklets and popular literature. 

For the compilation o f terms, English was taken as a source 

language to find out words/phrases. 

15 
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selection of the source language to be English has many folds. 

Some of these are: 

English is widely used as a medium of instruction in 

Ethiopia at junior secondary, secondary and tertiary 

level at the time. 

It is one of the developed languages in science and 

technology concepts. 

Materials are readily available in the language 

Professionals easily realize concepts of science and 

technology using this language. Etc. 

During compilation process, words for which already coined 

equivalents exist in Amharic and names of units , laws named 

after individuals, names of most elements and compounds, 

internationally accepted scientific names are not included. As 

a result over 12,500 terms were compiled at the beginning. 

(Ermias & Demissu, 1974) 

During the translation process, about 15,087 terms were 

translated from English to Amharic that includes newly coined 

terms, adopted terms and some terms that are already in use. 

Most of them are translated with the ultimate aim of offering 

secondary and early higher education in Amharic language 

(Ermias, 1986) in the country. 
16 



In the discipline of mathematics, 1038 word were translated 

(Ermias & Demissu, 1974 Ee). One of the ultimate goal of the 

project was the development of a single Amharic-Amharic 

science and technology dictionary called "I'o't,e;>rl'l '/;I1'NH>: flY"'!, 

001110 :I''1,r''. In addition to the production of the dictionary, it 

was planned to illustrate the newly produced science and 

technology Amharic terms (Ermias , 1986). The illustration of 

the Amharic words cover only 50% o f the t otal translated words 

in to their Amharic equivalence. Among the translated 

mathematical terms only 475 terms were illustrated. 

1.2 Statement of the problem 
Nowadays, with the rapid development of technologies, 

societies would like to keep their culture unaffected. When 

they borrow technology from other societies they adopt the 

technology to fit into their economical, cultural and other 

attributes of their own society. 

Ethiopia , as in many developing countries of Asia and Africa 

(Abrham, 1968), faces the problem o f achieving national and 

cultural integration by adopting the technology of industrial 

western countries within short period of time. 
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Language is the backbone for achieving this goal . English, as 

a medium of instruction, in universities, colleges , and 

secondary schools, as a second official language in various 

areas, as a language in broadcasting, and in some cases as a 

language for official correspondence, creates various problems 

in our society. Ac cording to Abrham (1968) and the Seminar of 

Ethiopian Language Academy and AAU Language Institute in 

Ministry of Culture and Sport (1972 EC), the following are 

some of the problems related to English as medium of 

instruction : 

• Students face difficulty in mastering as their second 

and for some even the third language. 

• Barely literate adults face constraint to understand 

science and technology because they need knowledge of 

the language in order to understand scientific 

disciplines. 

• Students become immersed in a foreign culture with out 

first appreciating their own culture . 

The reasons for these problems are many folds. The external 

pressure as well as our condition forced us to know science 

and technology using one of the international languages 

(French and English) (Amsalu, 1983) 
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When students learn in their own language, they easily grasp 

the knowledge and can easily communicate with the society 

using their language. This helps them to improve their 

capacity of solving problems and results in development of the 

country in all aspects including science and technology. The 

adoption of foreign language affects the development of the 

local languages, effectiveness of education and research made 

on local languages . 

Some of the current problems to provide education of science 

and technology and to conduct researches in Amharic language 

are: 

• Shortage of teaching materials prepared in Amharic: 

This problem is manifestation of lack of trained 

manpower that prepares teaching and other reference 

materials in Amharic. So far efforts are made mainly to 

translate textbooks written for schools of advanced 

countries. Due to limited vocabul aries of Amharic and 

absence of standardization, the translation also has 

problems. 

• Shortage of qualified teachers that can teach in 

Amharic in secondary schools and higher level 

education. 
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• Inadequacy of Amharic vocabulary for newly born English 

terms. 

One of the disciplines for which STTTP attempted to translate 

words from English to its equivalent in Amharic was 

Mathematics. Unl ike the other disciplines of science, every 

branch of Mathematics is based on logical constructs and 

axiomatic logical systems. This means that, any mathematical 

term requires precise and unambiguous equivalent term in 

Amharic. 

The STTTP have prepared two different booklets in the process 

of trans l ation of terms for the discipline mathematics. The 

first one is Amharic dictionary of mathematics and the other 

is illustration for some of the concepts of the newly 

translated terms. 

The Amharic dictionary provides definition to newly 

constructed Amharic terms in addition to rendering 

equivalence. However, the Amharic definition of the Amharic 

term require recursive definition to obtain the concept coined 

to the new terms. For example the English term cylinder is 

translated in to Amharic as "IlC"'l.t'I-". The Amharic definition 

h:C.!l hNh1't'I ,eU1'/' ouilouc llou't'ihC..hC 1""'l.f1m(J}· 13: 1""'l.&.'l'l(J}' f,a'I':,.,t.r.<f 
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9"{\t\ ~m·::". All the underlined words are also science and 

technology terms which require further processing. For 

example, ;p''''L:rtf'e 9"M\ is defined as ""'11<;'01'9" Omflt\ m~9" Omt.C 

mNI' '/1'(1r1: 1''''1)1: oullouC'':j'1 h'1 1·"'1't.' mM-r1 Ooum4'V" "'1f1'r O"'1ff1f: 

0"'11ffJm9u '1 n"'14'~l]nC I"''l.&.mlm· ;P."'L:rt£!P. :,oCO m~9" m·m:r ~m·::". 

In addition consider the statement "X is a point on the plane 

with coordinate (1,2) " . There are science and technology 

conce pts that have newly translated Amharic equivalence, when 

the above statement is translated to Amharic . It becomes "IJ 

nmflA ,,~ f'9":r1:'; '/1'·n 1f'1 t.C;P.% (1,2) f'lf~·." The underlined terms are 

parts of the t ranslated mathematical terms. 

This complexity of understanding newly translated science and 

technology terms should be supported by the computer 

technology so that subject specialists and professionals can 

easily grasp the concepts and literature and documents can be 

easily compiled and distributed to the society. 
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1 . 3 Scopes and Limi ta tion 
The scope of this experiment is limited to only to the 

disciplines mathematics , which was one of the disciplines that 

was i ncluded in the STTTP . The STTTP had produced documents 

for t h e discipline . 

Mathematics is full of symbols , graphs and pictur e s that 

trans mi t various ideas . Due to time constraint the sample 

prototype provides only textual information and some 

figurative illustration to limited concepts , making the output 

information partial. 
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1.4 
1.4 . 1 

Objectives 
General objective of the study 

The general objective of this study is to investigate the 

possibility of constructing Amharic-English machine-readable 

subject dictionary for mathematical science and technology 

terms that assist professionals of the discipline during 

translation of materials from English to Amharic or during 

preparation of science and technology literature in Amharic. 

1.4.2 Specific objectives 

The specific objectives of the study are to: 

• Study the morphology of the newly translated science and 

technology Amharic terms; 

• To illustrate the importance of l ocal language to the 

society; 

• Deve lop English-Amharic dictionary for mathematical 

terms; 

• Develop English terms thesaurus for mathematical terms; 

• Develop Amharic terms thesaurus for mathemat ical terms; 

• Develop an algorithm for the prototype; 

• Write the program for the algorithm ; 

• Test the program for selected terms . 

23 



1.5 Methods 
Literature review 

For the research work, literatures review will be done on 

machine-readable dictionaries, machine assisted machine 

translations, vocabulary control system , thesaurus 

constructions, language issues and modernization of languages 

that have been done for other languages. There are thesauruses 

constructed electronically for other languages on different 

subj ect area. The techniques that have been used for those 

systems are studied. For understanding the morphology of the 

Amharic language, works done on the language are reviewed. The 

sources for literature review are journal articles, books, and 

t he Internet. 

Data 

For constructing the dictionary and the thesaurus, the 

materials prepared by the Science and Technology Term 

Translation Project for mathematics discipline is used. To 

test the system efficiency and usability, grade nine 

mathematics students' textbook, which is prepared in English 

by the new transitional government is taken. The terms will be 

selected from the different sub disciplines of mathematics. 
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Prototype development 

For the development of the prototype, this study uses Visual 

Basic Programming language and Microsoft access appl ication 

software for development of the database . The Visual basic 

programming language is used because: 

• it is rich in routines to interact with database, which 

is one of the main components of t he system; 

• it helps to design flex ible interfaces; 

• method of interfacing Visual Basic Program to other 

software of databases is very simple. 
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1.6 Application of the result 

This research is conducted by considering the potential 

problems of professionals for achieving the objective of the 

government current education policy and to push the efforts of 

the STTTP one step further for their success. According to the 

current education policy of the Amhara region, elementary and 

junior secondary levels of education of science fields are 

provided in Amharic. 

Since Ethiopia is one of the countries with many vernaculars, 

similar and wider scope projects can be done in the languages 

of ethnic groups that provide education to their people in 

their mother tongue. In addition, this research also 

contributes for the development of the Amharic language in 

science and technology. The prototype developed in the process 

of this research will help professional to simplify their 

efforts for the modernization of the country. 

In addition to the potential value of the research, this 

research will provide the following to the society: 
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1. 6.1 

The 

Assist Document translation or production 

output prototype of this research will assist 

professionals during teaching material translation or 

preparation of teaching materials in l ocal language 

(Amhari c) for science and technology disciplines . I f the 

prototype is developed fully for all science and technology 

terms in a ll discipl i nes , it will provide immense advantages 

for p r o f essionals , pol icy makers , a nd other governmental a nd 

non-governmental organizations . That means, the system 

developed by this research, machine-readable dictionary, can 

be used as machine assisted trans l ation system. 

1. 6.2 Input to machine translation 

Machine-Readable Dictionary is the primary source of machine 

t rans lation system that trans l ate document from one language 

to another language without human interference , natural 

language processing, and information storage and retrieval. 

There fore the output of this result will have substantial 

input for further investigat ions in the areas mentioned above. 

1.6.3 Spelling and grammar checking 

The system will have considerable application in the area o f 

spelling and grammar checking for science and technology 

terms. 
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1.6.4 Development of Amharic language 

Thi s s t udy a l so pushes one step fo r ward the modern izat ion 

processes of Amharic language and provides smooth atmosphere 

for researche r s who wish to work on relat ed top i cs in variou s 

languages and disciplines . 
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CHAPTER TWO: 

2 THESAURUS CONSTRUCTION AND MACHINE 
TRANSLATION 

2.1 Thesaurus 

2.1.1 Introduction 

One of the most difficult problems of information retrieval is 

creating effective organizat ion, which requires keeping 

related items relatively close to each other. Thesaurus is a 

tool for vocabulary control to guide indexers and searchers 

about which terms to use during indexing and searching process 

that can help to improve the quality of retrieval (Lancaster, 

1986). A control l ed vocabulary is a fixed list of terms used 

in IR systems to describe documents. It usually includes the 

relationships between terms and sometimes the rules for use of 

vocabulary. The rules may be the methods of combining word to 

express compound concepts and how to decompose words not found 

in t h e vocabulary (Livonen and Sonnenwald , 1998). 

According to the research made on the selection of search term 

among the six discourses, (vocabulary cont r o l, document and 

domain, indexing practice, clients ' search requests, 

databases, and searchers own previous search experiences), 
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vocabulary control appe ars to have strong position in the 

selection of search terms (Livonen and Sonnenwald 1998) 

Vocabulary plays a major role in the effectiveness and 

efficiency of IR systems. Information retrieval is defined as 

"the process of searching a col lect ion of documents, using the 

term document i n its widest sense, in orde r to identify those 

documents that deal with specific subject" (Lancaster, 1979 as 

cited by Muddamalle, 1998) . The success of information 

retrieval system can be determined by the accuracy of the data 

retrieved. Recall and precision are the two measures o f the 

effectiveness of IR systems. 

One of the advantages of the vocabulary cont r ol system is to 

avoid ambiguity by presenting standard terms. But in IR 

systems that are designed for science disciplines that rapidly 

advance with the technology , the thesaurus must be updated 

regularly (Muddamalle , 1998) . Like wise science and technol ogy 

terms of the English language are not fully translated into 

Amharic, which require parallel updating of the thesaurus of 

the Amharic language for science and technology terms that 

leads to new terms and usage of terms. 

In the trans l ation model of IR, the input request is 

translated in to a search term, which ideally represents 
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search concepts or search topics that can be input to the IR 

systems to identify relevant information. 

A thesaurus provides preferred terms, non-preferred terms, 

semantic relations, guides to application, and rules for 

synthesis to indexers and searchers . Preferred terms are 

terms in which indexers and searchers are a l lowed to use 

whereas non-preferred terms are terms that are not allowed to 

them. The thesaurus shows, which preferred term should be used 

instead of the non-preferred one. A thesaurus also usually 

allows you to look up a preferred term and see its non­

preferred terms (The University of Western Ontario 1998) . 

Looking at the hierarchy of the different preferred terms can 

easily show the semantic relations of terms. The semantic 

relation of terms provides a chance to make the meaning of 

terms clearer. 

A good thesaurus should make it clear what a term is meant to 

cover . It can accomplish this to some extent by showing non­

preferred terms and semantic relations. Other ways of guiding 

people in using a thesaurus include introductory matter and 

scope notes (The University of Western Ontario, 1998). 
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The thesaurus can be either enumerative (that lists all its 

preferred terms explicitly) or synthetic (that indicates some 

preferred terms indirectly: instead of listing all the 

preferred terms, they give rules for creating them) If the 

thesaurus is of type synthetic, then it contains the rul es of 

synthesis of facets. 

2 . 1. 2 Organization of terms in thesaurus construction 

Once terms of the domain are collected systematically , they 

have to also be organized based on their relationships . The 

objectives of organization of terms as explained by Lancaster 

are: 

"1. To promote the consisten t representati on of 

subject matter by indexer and searchers, thereby 

avoiding the dispersion of related material. This is 

achi eved through the control (mer gin g) of syn onymous 

and near ly synonymous expressi on and by 

distinguishing among homographs. 

2. To facili ta te the conduct of the compreh ensi ve 

search on some topic by linking together terms whose 

meanings are related parad igmat i cally or 

syntagmaticaly. " 
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Hierarchical and associative relationships are the two kinds 

of re l ationships during the organization process of terms. 

Hierarchical relationships 

In the process of developing cohe r ent and cohesive 

hierarchical st r ucture, first we should be able to have a 

classification scheme. The thesaurus entries derived from the 

hierarchical relationship deve l opment is a genus/species 

(BT/NT) relationship. 

The hierarchical relationship represents the narrower term 

(NT) is a kind of the broader term (BT) i. e. BT /NT is a 

thing/kind relationship. There are different kinds of 

relationships between concepts that may confuse us with the 

thing/kind relationship (Lancaster, 1987). Some of these are: 

• Thing/application 

• Thing /derivative 

• Thing/ instance 

• Whole/part 

For example, if we consider the relationships between 

expression and operators (whole/part ) , or between set and 

elements of a set (whole/part), then one can easi ly identify 

t he inconsistency of elements and operators as a narrower term 

for sets and expressions respectively . But the relation 
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between algebra a nd linear algebra is a think/kind 

relationship. Therefore linear algebra can be narrower term of 

a l gebra . 

According to the UNESCO guidelines , the whole/part 

relationship is treated as genus/species relationship for some 

subject areas like anatomy and geography , for f i elds of 

discourse, and social structures. This shows that t he narrower 

terms can be genetic (NTG) or partitive (NTP). But as much as 

possible this partitive relation should be removed by grouping 

the NTP in to another BT. This distinction of NTP and NTG 

should be at the BT level (Lancaster, 1986). 

A well-constructed thesaurus will have only one broader term 

(BT) for each of the terms especially for specific scope. 

In thesaurus, it is legitimate to group together as NTs a 

number of terms derived from the genus (BT) by the applicat i on 

of different principles of division. If there are larger 

hierarchies it is much convenient to arrange the NTs by 

principle of division (Lancaster, 1986) . 

Associativ e relationship 

According to Lancaster (1986), the association relation of a 

thesaurus is expressed by related terms (RT). This relation 

34 



shouldn't be used like terms that appear in the same 

hierarchy. However it is very difficult to establish precise 

rules for associative relationships. It is syntagmatic or 

posteriori. 

Any two terms whose meanings are related, but that appear in 

different thesaurus hierarchies are possible candidates for 

linking by the RT reference. The selection of related terms 

for a term i s either by technique of co-occurrence of terms in 

a database if not possible by relying on sense and knowledge 

of the subject specialist . 

Lancaster (1986), also specify ways to find strong candidates 

of inter term relationships. The following are the rules for 

the identification of candidate related terms during 

construction of a thesaurus. 

~ A thing can be a RT of its application and vise versa 

~ A cause can be a RT of its effect and vise versa 

.:. A thing can be a RT of its strongly associated property 

and vise versa 

~ A raw material can be a RT of its product and vise versa 

~ A complementary activity can be a RT to each other 

~ A thing can be a RT of its opposite and vise versa 

~ An activity can be a RT of its property and vise versa 

~ An activity can be a RT of its agent and vise versa 
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? An activity can be a RT of its product and vise versa 

? A thing can be a RT of its parent and v i se versa 

2.1. 3 Terms form 

Most thesaurus terms are nouns and noun phrases. Most of the 

noun phrases are adjectival phrases and some others are 

prepositional phrases. Verbs are not totally allowed but 

gerunds are permitted . Adjective appearing in the thesaurus 

are modifiers of nouns . However in some cases adjective may 

stand as a thesaurus term (The University of Western Ontario, 

19 98 and Lancaster, 1986). 

According to the online document by the University of Western 

Ontario (1998), during thesaurus construction , we s hould keep 

number consistency (ether plural or singular) and other 

issues. Therefore one should follow the following: 

? Nouns of quantity (things that can be counted) should be 

in p lural form 

? Nouns of volume (mass noun) should be in singular form 

? Singular for processes, properties , and condit ions 

.:. Avoid inversion 

.:. Excluding prepositions 

.:. Excluding punctuation marks, diacritics, special 

characters, and abbreviations 
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2.1. 4 Compound term factoring 

Compound term factoring is the process of identifying and 

analyzing word concepts so that a term/phrase that have two or 

more idea can be splitted into words of simple concepts. 

Compound term factoring can be semantic factoring or syntactic 

factoring. Semantic factoring involves the analysis of a word 

into largest number of ideas implied by the term. Whereas 

syntactic factoring involves the splitting of compound terms 

into c omponents that c ould appear in the thesaurus by them 

selves (Lancaster 1986). But it doesn't mean that, all 

compound terms should be factored into components. According 

to UNESCO guidelines, c ited by Lancaster (1986), there are 

three conditions o f compound words that should be splitted. 

These are: 

• Compounds representing a transitive action 

modified by the name of the entity on which the 

action is performed; 

• When a genus term (focus) represent a property 

or part and the species represents the 

possessor of the property of the sum of the 

parts 

• compounds representing an intransi ti ve action 

modified by the performer of the action 
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Lancaster also observed the compound term that represent 

different principle of division should be factored. 

2.1. 5 USE and UF reference 

The USE reference of a thesaurus directs from a used term 

(some times called non preferred term/non descriptors) to a 

used term. The use reference provides additional entry point 

into the vocabulary and, hence, are some times referred to as 

entry terms. 

Lancaster states the two basic purposes of the USE reference 

as "to direct from a term not used in indexing to another term 

that is more or less synonymous and to direct from specific 

term, not used in indexing , to their appropriate more general 

terms. II 

The syntax of using USE reference on printed thesaurus 

becomes: 

Non-preferred term USE preferred term 

The reverse association is shown using the keyword UF (Used 

For) and its layout becomes: 

Preferred term 
UF Non preferred terms 
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UF stands for, the specified preferred term is used for the 

listed Non preferred terms 

According to Lancaster (1986), mostly abbreviations are non­

preferred terms and their acronym is the preferred one. But if 

the abbreviation got popularity over their acronym like RADAR, 

LASER and others it becomes the preferred term. The process of 

selecting preferred and non preferred terms take consideration 

of the users domain and becomes a difficult task in 

organization of terms . 

2.2 Homography and scope notes 

Mathematics as a subject matter uses limited term set and 

structured comparative to the natural language and every 

concept are more or less expressed by unique concept bearing 

words/terms. In the discipline of mathematics, homographs 

(term with more than one meaning), homonym (term with only one 

pronunciation and more than one meaning) and homophones 

(different terms with identical pronunciation) are not 

difficulties in IR. 

A scope note of a thesaurus is an explanation of a term in a 

limited subject area. It needn't be true definition. It is 
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merely a guide to how a particular term should or shouldn't be 

used. 

According to Barhydt and Schmidt (1968) cited by Lancaster, 

there are four different uses of scope notes of a term. These 

are : 

~ Positive limitation in the scope note of a term; 

~ Negative limitation in the scope note of a term; 

.:. True definition 

~ Combination of definition and pos itive l i mitation 

2 .3 Mul tilingual aspect 
Nowadays various people and scholars want to handle 

publications in many languages. The design of informat ion 

system that can accommodate several languages is the issue of 

current researches. 

According to Lancaster (1986), there are various means for 

so l ving the language barrier problem: expansion and 

improvement of language teaching, research on termi no l ogy , 

development of terminology banks, publ i cation of multilingual 

g l ossaries and thesaurus, refinement o f MT procedures and so 

on. 

In the third world countries, like Ethiopia, there are many 

science and technology publication published in the language 
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of one of the developed language like English which is widely 

used by local professionals. This process as we have discussed 

before will affect the cultural heritage of the country. To 

minimize the effect and to modernize the l oca l language based 

on the developed language, 

thesaurus is very important. 

construction of multilingual 

UNISIST provide a guideline for the establishment and 

development of multilingual thesauri and recognizes three 

possible approaches to the construction . 

1. Begin from scratch and collect terms from all 

the languages involved, seeking equi valencies 

after the terms are collected 

2 . Take an exi sting thesaurus in one language and 

translate it in to the other language 

3. Take two or more existing thesauri, in 

different languages, and merge them. 

Shuck (1977) as cited by Lancaster concluded that the first 

alternative is easier and more efficient guideline. The most 

difficult activity of construction of multilingual dictionary 

is finding a term equivalence of one language from another 

language . 
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2.4 Dictionary 

Dictionaries have various purposes and formats. The most 

familiar form of dictionaries is its printed form; but due to 

the increasing needs of dictionaries, large numbers of them 

exist in electronic form . The Electronic dictionary, also 

called Machine-Readable Dictionary (MRD) , is usually the 

typesetting computer tape of an existing paper based 

dictionary. In addition , electronic dictionaries may contain 

some lexicographic information like, information about how to 

prepare paper based dictionaries and the fonts and other 

special symbols and formats, that doesn't appear in the 

printed version. 

Dictionaries will differ from one another in the type of 

information they contain, and in the way they describe the 

contents; but within a single dictionary consistency of 

formats for the information they hold is very important. 

Nowadays, there are a number of MRD constructed as an 

electronic version of the printed dictionaries. For example, 

the Oxford Advanced Learner ' s Dictionary (OALD), Long man 

Dictionary of Contemporary English (LDOCE), and the Collins 

Cobuild English Language Dictionary (COBUILD) have 

corresponding electronic versions (Pocock,2000) . 
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From the electronic version o f dictionaries, various forms of 

display can be generated and will have various functions. 

According to Pocock, the range and variety of the information 

provided by any particular dictionary will depend on a number 

of factors: 

• Degree of coverage it is aimed at providing. 

• In tended readership e . g. general, 

specialized . 

foreign learner, 

• Specific purpose . 

• Monolingual or bilingual. 

Both typographically and structurally, dictionaries are 

extremely complex. In addition, dictionaries interest many 

communities with different and sometimes conflicting goals. 

According to Still (1992) as cited by Pocock, a reasonably 

sophisticated monolingual dictionary typically includes 

Form of the headword (and spelling variant s) 

Part of speech : noun , verb, adjecti ve etc . 

Further grammatical information : countability, transitivity 

etc. 

Inflectional variants: plurals, past tense, irregular 

forms etc. 

Phonological: pronunciation and stress patterns. 

43 



Sense indication (s), by meaning defini tions or a cross­

reference to a synonym. 

Examples of the different ways a word may be used. 

Expressions and collocations in which the headword 

commonly occurs 

Derivations, compounds etc 

Usage notes, special uses etc. 

According to the on line document information' , during the 

process of developing EDR dictionary for translating Japanese 

language into English and vise versa, five different kinds of 

dictionaries were constructed. These are: Word dictionary, 

Bilingual dictionary, concept dictionary , Co-occurrence 

dictionary, and, Technical Terminology dictionary including 

the EDR Corpus . 

The word dictionary< consists of entry information, 

grammatical information, semantic information, and 

pragmatic and supplementary information. Entry information 

consists of the headword, the portion of the word that is 

invariable during inflection, the adjacency attribute 

pair, pronunciation, and kana notation for the Japanese 

Word Dictionary and the English word Dictionary, syllable 

division. The headword describes the root form of a word 
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when it inflec ts regularly or the inflected form if it has 

an irregular inflection. Words that don't inflect are 

described as they are . 

The invariable portion of the headword is the string of 

characters that is common to all the inflected forms of the 

word, and is not necessarily the word stem. This term is used 

synonymously with 'morpheme' in this document. Adjacency 

attributes are symbols that indicate the morphological 

restrictions on the adjacent words or morphemes in a sentence. 

2 . 5 Machine Translation 

Machine translation is the process of automatically 

translating a word, phrase, sentence or a document from one 

language into anot her language using machines (computers). The 

resulting output of the translation mayor may not be 

equivalent in concepts. But it will provide basic information 

to the second parties that are not a ble to communicate with 

the others language. 

According to Hedden (2000) , there are four basic types of 

translation, three of which are types of machine translation 

or machine - assisted (- a ided) translation : 

I http ://www.iijnet. or.jp/edr/E_Struct.html 
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2.5.1 Human translation 

A human translato r performs all the steps in the trans l ation 

process, using a computer only as a word processor, if at all. 

2.5 . 2 Machine-aided human translation (MAHT) 

A human translator performs the translation of source language 

concept into target language, but he/she uses the computer as 

a tool to improve or speed up "the translation process. This is 

called computer-aided translation (CAT) by people in t he field 

of translation as opposed to the field of MT. This approach 

places the human translator at the center of the translation 

process, while attempting to provide him or her with tools 

that make the translation process more efficient and accurate. 

Some of machine-assisted translation tools which are available 

nowadays range from word processors to translation editors, 

comparison programs , and terminology management programs. 

Translation editors identify selected terms and s uggest 

tran s l ations . Comparison programs speed the updating of 

existing translations by finding changes between versions o f 

source documents . Termino logy management programs al l ow 

2 http://www.iijnet.or.jp/edrlE_Struct-WD.html 

46 



translators to maintain flexible databases of terms in their 

subject area (Diego, 1996) 

2.5.3 Human-assisted machine translation (HAMT) 

The source language (SL) text is modified by a human translator either 

before, during, or after it is translated by the computer . 

2.5.4 Fully automatic (automated) machine translation 

(FAMT) 

The SL text is fed into the computer as a f ile, and the 

computer produces a translation automatically without any 

human intervention. This is sometimes referred to as batch 

mode. There are two types of fully automatic machine 

translation: fully automatic high-quality machine translation 

(FAHQMT) and low-quality machine translation . 

According to Arnold (1995), the re are two approaches that 

dominate machine translation research over most of the past 

twenty years. The first is inter lingual approach, where 

translation proceeds in two stages, by analyzing input 

sentences in some abstract and ideally languages independent 

meaning representation, from which translations in several 

different languages can potentially be produced. 

The second is the so called transfer approach, where 
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translation proceeds in three stages, analyzing input 

sentences into a representation which still retains 

characteristics of the original source l anguage text. This is 

then i nput to a special component called a transfer component 

that produces a representation that has characteri stics of the 

targe t (output) language, and from which a target senten ce can 

be p r oduced. 

One of the most important components of MT is the dict i onary . 

Dictionary construction requires the sort of issues like 

designi ng, constructing , or modifying the dictionary. 

Accordi ng to Arnold (1995) [online document ], MT has got 

social, political, commercial, scientific and intellectual or 

philosophical importance. Arno l d describe these importance as 

fo l lows: 

2.5.5 The socio - political importance 

Many countries are well known by havi ng communities wi t h 

mul t i p l e languages . The social or poli tica l importance of 

machine trans l ation, according to Arnold (1995) , arises from 

the importance of translation of concepts from one langu age to 

another and to keep the social and political stability of the 

country . In many countries the use and modernization of a 
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single common 'lingua franca ' of the language is widely 

adopted, which is not nice-looking to the country communi ty 

since it initiate the weakening of the other languages which 

ultimately leads to disappearance of the second language , 

creates disadvantage to the speakers of the second language 

for the success of communication with the lingua franca and 

other social and political problems. 

The other issue is the vanishing of unique culture associated 

to the language speakers and the language itself, and the way 

of thinking will matter the society. 

Therefore translation is the remedy to avoid these problems by 

facilitating ordinary human interaction and for gathering the 

information one needs to play a full part in society . Being 

allowed to express yourself in your own language, and to 

receive information that directly affects you in the same 

medium is very important to the society . 

2.5.6 Commercial importance 

The commercial importance of machine translation is a result 

of factors that are directly related to its socia l and 

political importance . 

To justify some of the commercial importance of MT, the 

following can be considered as fact to the idea: 
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One can select product without language constraint (for 

example , if we need material to specific top i c in the language 

o f Amharic and if the best material is available in English , 

we can take it and it can be translated to the language of our 

interest) 

Secondly , it will simplify the expensive activity of manual 

translation. 

2.5.7 Scientific importance 

According to Arnold(1995) , "it is an obvious application and 

testing ground for many ideas in Computer Sc i en ce, Artificial 

Intelligence, and Linguistics, and some of t h e most important 

developments in these fields have begun in MT". He illustrate 

t h is using the first widely available logic programming 

language called prolog. Prolog was fo rmed a key part of the 

Japanese 'Fifth Generation ' program of research in the late 

1980s , can be found i n the 'Q-Systems ' language, originally 

developed for MT (Arnold, 1995) . 

2.5.8 Philosophical importance 

Philosophically (according to Arnold 1995), MT "represents an 

attempt to automate an activity that can require the full 

range of human knowledge that is, for any piece of human 

knowledge, it is possible to think of a context where the 
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knowledge is required". The extent to which one can automate 

translation is an indication of the extent to which one can 

automate 'thinking'. 

Nowaday there are several MT systems that are used in day­

to-day use around the world. Some of these are: METEO (since 

1977 used at the Canadian Meteorological Center in Dorval, 

Montreal), SYSTRAN (in use at the CEC, and elsewhere) ,LOGOS , 

ALPS, ENGSPAN 

1995) . 

(and SPANAM ), METAL GLOBAL INK (Arnold , 

Users consider many of MT system as useless based on the 

quality of the output of the MT system. Of course, it is true 

that the quality of many MT systems is low, and probably no 

existing system can produce really perfect translations . 

However, this does not make MT useless. First, not every 

translation has to be perfect since very rough translation of 

materials that doesn ' t give any sense to the user can provide 

much relevant information. Second, a human translator normally 

does not immediately produce a perfect translation. Therefore 

getting rough translation will facilitate human translation 

process. 

The process of producing draft translations , along with the 

often tedious business of looking up unknown words in 

dictionaries, and ensuring terminological consistency, will 
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become automated, leaving human translators free to spend time 

on increasing clarity and improving style, and to translate 

more important and interesting documents. 

According to Arnold (1995), Machine Translation started 

out with the hope and expectation that most of the work 

of translation could be handled by a system which 

contained all the information we find in a standard 

paper bilingual dictionary. Source language words would 

be replaced with their target language translational 

equivalents, as determined by the built-in dictionary, 

and where necessary the order of the words in the input 

sentences would be rearranged by special rules into 

something more characteristic of the target language. In 

effect, correct translations suitable for immediate use 

would be manufactured in two simple steps. This 

corresponds to the view that translation is nothing more 

than word substi tution (determined by the dictionary) 

and reordering (determined by reordering rules)". 
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2.6 Multilingual dictionary 

Multilingualism is a characteristic of tasks that involve the 

use of more than one natural language. This fact is most 

apparent in an increased need for translations and a 

Consequent interest in alternatives to the traditional ways of 

producing them. The principal alternatives that have been 

proposed include partially or fully automatic translation, 

machine aids for translators, and fully or partially automated 

production of original parallel texts in several languages 

(Kay, Martin). 
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Chapter Three: 

3 Thesaurus and database of the newly 
translated Amharic terms 

3.1 Data source 

The main sources of data used for the construction of the 

English word thesaurus and the electronic dictionary of 

the Amharic Science and technology mathematical terms are 

the Dictionary prepared by Science and technology term 

translation project for mathematical terms and the sample 

essays (book one) compiled to illustrate the terms which 

is prepared by STTTP. The dictionary provides science and 

technology English terms , its equivalent in Amharic , and 

definition of the Amharic terms in Amharic language where 

as the sample essay illustrates terms and its related 

concepts briefly . Knowledge of e xperts of the discipline 

is also a very important component during classificat i on 

of term hierarchy and association . In addit i on textbooks 

of Algebra and analysis are referred to acquire more 

knowledge of the terms during classification and to make 

complete the process of acquisition of data . 
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3 . 2 Algorithm developme nt 

3.2.1 Method of thesaurus construction 

According to Lancaster (1986) , to construct a thesaurus 

while the terms are collected , each terms must be organized 

in to a coherent and cohesive structure . Similarly the 

mathematical terms are class ified into three broad 

categories as Algebra , Analysis , and Geometry. Algebra, 

Geometry and Analysis are the three sub disciplines of the 

subj ect matter under consideration . In this process some 

terms belongs in to only one facet , some other in two or 

all facets . For example , the term "interval" can be grouped 

in both Algebra and analysis which is not recommended on 

printed thesaurus since it requires more spaces and gives 

partial information to the user at a time. For electronic 

thesaurus it may be also an indication to poorly 

constructed thesaurus . There are also terms tha t become 

difficult to set in any of the facets . For example the term 

"problem" doesn ' t belong to any of the defined facets . 

Rearranging the hierarchies and association to come up with 

appropriate relationships among terms and to identify the 

kind of relationships between terms and facets solves the 

specified problems. 

55 



Once terms are classified in each of the defined f acets , the 

next phase was putting the terms under different sub 

facets/headings to indicate similarities between terms of 

the sub disciplines . This process brings together terms that 

have some sort of relationships . This h elps to generate the 

hierarchies of the terms and to indicate the association of 

terms. 

The hierarchical relationship of terms of a thesaurus shows 

which are the broader and which are the narrower terms in 

the hierarchy. In addition to the BT /NT relationship there 

is also association relationship between terms shown in the 

thesaurus. The legitimate narrower term should have "a kind 

of H relationship to its BT . 

One of the problem mentioned above , the problem of having 

more than one BT for a given term, is removed during the 

process of merging all the associations of terms together 

under the subject matter "Mathematics " by creating another 

preferred term entry . 

3 . 3 Application 

dictionary 

of thesaurus in electronic 

With out the use of the thesaurus , one can find basic 

information about the given concepts. But the information 
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for the concept may be e ither vague due to the complexity 

of the newly translated Amharic terms or limited (i. e. it 

may lack definition or illustration) . To fully understand 

such concepts , the availability of the thesaurus is very 

important. In addition , it provides systematic approach to 

learn science and technology terms of mathematics. 

Therefore the narrower and related terms are used as "see 

a l so" information. 

3 . 4 Database design 

The purpose of the database in this project is to store , 

retrieve and maintain the subject matter. Any information 

seeker may use the system to find relevant information in 

the area o f the dis c ipline. The information that should be 

stored , retrieved , and maintained includes: 

o Amharic equivalent meaning of the given English phrase 

or word ; 

o Amharic definition of the Amharic word or phrase ; 

o Amharic illustration of the word or phrase; 

o Pictorial illustration of the term if necessary; 

o A link to associated concepts ; 

To accomplish the abov e tasks , a database that organizes the 

different forms of the available data in a systematic fashion 

have to be constructed . These 
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thesaurus, and the dictionary. Therefore , the proposed table 

should include the following attributes for the success of the 

project . 

Term code (TCode) : A unique code given to each of the terms. A 

code indicates concepts of the term irrespective of the 

language ; meaning a code , which is given to an English term , 

can be used to refer Amharic term equivalent of the English 

term. 

Eng~ish term (Eterm) 

Stemmed Eng~ish term (SETerm) : are copies of English term 

where the phrasal English words are replaced with their 

equi valent stemmed word lists. For example the phrase "Angle 

measurement system" will be coded as "angl mea sur system" in 

the stemmed term code table . There may be more than one entry 

in the database that satisfies the user query . In such cases 

determination of the appropriate record entry is given to the 

user to determine the best information. 

Amharic term equivalent (ATerm) 

Amharic term derinition(Der) (ir any) 

Amharic term illustration (Illustration) (ir any) 

Pictorial representation or the concepts (Picture) (ir any) 

Broader term or the concept(BTerm) 

Narrower tern or the concept (NTerm) 

Related term or the concept(RTerm) 
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The following is a table showing all of the above - mentioned 

attributes together . 

Table 3.1 

TCOtie Eterlll ESTerlll ATeI'm De! [lIl1stratioll Picture BTerm NTerlll RTer 

III 

To normalize this table , first we have to understand the 

various formats and natures of the data value to each of the 

attributes . 

In this database , for a given term code that shows unique 

concepts , we can have different entries as Amharic term 

(synonymous) , English term (synonymous) , Eng l ish stemmed term , 

narrower terms , and related terms . 

In addition , one picture can be used by multiple concepts . It 

is also assumed in this database that for one concept we have 

only a ma x imum of one picture as an il lustrativ e . 

The following steps show the normalization process to achieve 

the normalized tables . 

A. The first normal form eliminates any repeating attributes 

in the entity set/table . In this case : for a given t erm 

code we may have one or more terms having the same 

concept in different languages. Since these terms should 

have the same term code , the table should be splitted as 

a table which hold list of preferred terms together with 
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their stemmed equivalent in English , list of non 

preferred terms (synonymous terms) together with their 

stemmed equivalent in English and the remai ning part . 

Some of the Amharic terms have also synonymous terms that 

indicate further splitting of the table. As a result , the 

following table will be resulted . 

Table 3 . 2 

TCode ETerm SETerm 

Table 3.3 

TCode ESTerm SESTerm 

Table 3 . 4 

TCode ASTerm 

Table 3 . 5 

TCode A Terlll De! Illllstration Pictllre BTerlll NTerlll RTerlll 

In addition , in table 3.5 , a given concept may have many 

narrower terms and related terms. This shows the table must be 
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splitted further as a table containing term code , Amharic 

t e rm , definition and illustrat i on to the Amharic term and 

table that holds the rest information. Since , i f term X is 

registered as narrower term of term Y, t hen technically Y i s 

the broader term of term X. therefore the existence of broader 

term is s i mply wastage of memory space . As a result , t he 

followi ng tables are created from the third table . 

Table 3.6 

TCode A Terlll Del Illustratioll 

Table 3 . 7 

TCode Picture NTerlll RTerlll 

Still tab l e 3 . 7 is not in the first no r mal form because 

narrower terms and related terms are independent attr i bute . 

As a result , we have the following spl i tted tables : 

Table 3.8 

TCode Picture NTerm 
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Table 3.9 

TCode RTenn 

B. The second normal form Shows non- key attribute should 

depend on the entire key . All the tables shown above 

satisfy this rule. 

C. The third Normal form shows Non key attributes determined 

only by the primary key. All the tables shown above 

satisfy this rule except table 3 . 2 , table 3 . 3 , and table 

3.8 . In table 3 . 2 and table 3 . 3 , the stemmed term fields 

are dependent on the preferred and the non - preferred term 

respecti vely and on the primary key. In table 3.8 , the 

non-key attribute field picture , is determi ned by the 

non - key att r ibute TCode . As a result we should split the 

tables as follow. 

Table 3. 10 

TCode ETerm 

Table 3 . 11 

TCode SETerm 
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Table 3 . 12 

TCode ESTerm 

Table 3 . 13 

TCode SESTerm 

Table 3 . 14 

TCode NTerm 

Table 3 . 15 

TCode Picture 

D. The above tables satisfy the Boyce- Codd normal form rule . 

Fi nally , by summarizing all the tables from table 3 . 1 to table 

3 .1 5 , the normalized lists of tables are shown bellow together 

with the appropriate table label . 
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Term Code entity 

TCode ETerm 

English synonymous entity 

TCode ESTerm 

Amharic synonymous entity 

TCode ASTerm 

Stemmed English term entity 

TCode SETe rm 

Stemmed English Synonymous term entity 

TCode SESTerm 
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Dictionary entity 

TCode ATerm Def Illustration 

Picture entity 

TCode Picture 

Term Hierarchy entity 

TCode NTerm 

Term Relation entity 

TCode RTerm 

In general , nine entities are involved in this database for 

the success of the project . 

Since all terms (English/Amharic) have unique term codes and 

term code can be a numeric data , which is simple to process , 
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we can replace related terms, and narrower terms by their 

corresponding term codes . As a result the entity TRelation and 

Thierarchy described above become: 

THierarchy entity 

TCode NTCode 

Where NTCode is Narrower Term Code 

TRelation entity 

TCode RTCode 

Where RTCode is Related Term Code 

3.4.1 Term Code entity 

To increase performance and to utilize memory space , searching 

can be easily done with the help of numeric va l ues rather than 

texts . Text processing is very ted i ous and cumbersome . 

Therefore in the entity Dictionary , every science and 

technology mathematical terms that are translated by the STTTP 

will have its own numeric term code . 
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The data dictionary of this entity is 

Attribute 

PTerm 

Tcode 

Acronym Data type 

Preferred Term tex t 

Term Code number 

PTerm is required for each record. 

size 

50 

long 

PTerm is a word or phrase that holds scien ce and technology 

concepts to the discipline of mathematic in one of the foreig n 

language English . TCode is chosen to be the p r imary key of 

this entity even though both are candidate keys. 

3 .4. 2 Thierarchy entity 

One of the facilities that will give us terms with 

" associated" concept is , those that are the species or the 

genius of the given term. The term hierarchy entity also shows 

the genus/species relationship between the available terms. In 

this design , one term can have only one genus (BT Broader 

te r m) a nd any number of species (NT narrower terms) 

The data dictionary of this entity is 

Attribute 

BTCode 

NTCode 

Acronym Data type 

Broader Term Code Number 

Narrower Term Code Number 

Both field values are required. 
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For a given term, one can easily find its NTCode as well as 

BTCode , which directly leads to its broader and narrower terms 

and their synonymous . 

The primary key to this entity is NTCode because one broad 

term may have a number of narrower terms and one narrower term 

has only one broader term. 

3 . 4.3 TRelation entity 

The other facility that we have , to access terms of similar 

concept, is use of the association relationship of terms. The 

association relationship shows the existence of similarity 

between terms not in all aspect but in some context. It is a 

reciprocal relationship. 

The data dictionary of this entity is 

Acronym 

Term Code 

Data type size 

Number long 

Attribute 

TCode 

RTCode Related Term Code Number long 

Both field values are required . 

The primary keys of this entity are both TCode and RTCode 

because one term can be a related term of any number of terms 

and it may have any number of related terms. 

3 . 4 . 4 Dictionary entity 

The basic information that assists any interested group is 

contained in the entity called Dictionary . This entity holds 
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the English term equivalent code , the Amharic term, the 

definition and illustration of the concept in Amharic 

language. 

The data dictionary of this entity is 

Attribute Acronym Data type size 

ETCode English term Code Number long 

ATerm Amharic Term text 50 

Def Definition memo 

Illustration illustration memo 

ATerm value is required for all records. 

Primary key of this entity is the ETCode attribute. 

3.4 . 5 Picture entity 

Some of the terms can be best illustrated with help of 

pictures/graphs. this entity store the location of the picture 

file so that one can easily access the information to assist 

concept understanding. 

The data dictionary of this entity is 

Attribute 

TCode 

Picture 

Acronym 

term code 

Picture 

Data type 

Number 

text 

Picture field value is required for each record. 

TCode is the primary key of the entity . 
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3.4 . 6 ATSynonymous entity 

Some of the translated concepts have two or more Amharic 

equi valents . Only one of them (the preferred term) will be 

taken as an attribute in the dictionary entity . The other 

related synonymous terms will be listed in this entity. 

The data dictionary of this entity is 

Attribute 

Tcode 

ASTerm 

Acronym 

term code 

Amharic 

synonym term 

Data type 

number 

text 

TCode field value is required for each record . 

size 

long 

50 

ASTerm is the primary key of the entity because one or more 

synonymous terms may be available to one preferred term . 

3.4.7 ETSynonymous entity 

Some science and technology concepts have two or more 

equiva l ent English terms . Only one of them (the preferred 

term) will be taken as an attribute in the term code entity . 

The remaining (non preferred term list) terms are registered 

in this entity . 

The data dictionary of this ent ity is 

Attribute 

Tcode 

ESTerm 

Acronym 

term code 

English 

synonym term 
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TCode field value is required for each record . 

ESTerm is the primary key of the entity because one of more 

synonymous terms may be available to one preferred term . 

3 . 4 . 8 SETCode entity 

For ease of 

term rather 

concepts in 

processing 

than the 

science 

input query , the 

phrases that are 

and technolog y. 

equivalent for the preferred terms wi l l 

entity. 

system use stemmed 

assoc i ated to the 

The stemmed term 

be stored in this 

The data dictionary of this entity is 

Attribute 

TCode 

SETerm 

Acronym 

Term code 

Stemmed English 

Term 

Data type 

Number 

Text 

size 

50 

SETerm field value is not required for each reco r d. It wil l be 

processed automatically at the time of user request. 

TCode is chosen as a primary key of this entity by the same 

reason specified for the entity TermCode. 

3 . 4 . 9 SESTCode entity 

Similarly , the stemmed terms of the non - preferred te r m are 

kept i n this entity . 

The data dictionary of t his entity is 

Attribute 

TCode 

SESTerm 

Acronym 

Term code 

Stemmed English 

Synonymous Term 
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SESTerm field value is required for each record. The record 

will be processed automatically at the time of user request. 

The primary key of this entity is SESTerm by the same reason 

specified for the entity ETSynonymous . 

3 . 5 Entity relationship (E-R) di agram 

A record in the TCode table can be related to exactly one 

record of The SETCode table and zero or one record of the 

TPicture and dictionary table . A record in the TCode table can 

be related to zero or more records of THierarchy , TRelation , 

ETSynonymous, and SESTCode tables. A record in the dictionary 

table is also related to zero or more records of the 

ATSyninymous table. In general the E- R diagram, constructed 

using MS - Access, is shown bellow. 
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fig 3.1 
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3.6 Referential integrity constraints 

Any Snglish term in the term code table has unique numeric 

value. Any numeric value in any of the other entity has direct 

relation to the numeric data in the term code table. 

Therefore , unless the code is registered in the term code 

table , it has to be controlled registry of the record in any 

other tables with unknown code. To register new record in any 

table, first we have to be sure that the Snglish term is 

registered in the term code table with the appropriate term 

code. So that we will have the relevant code to register 

records in each tables. 

table , registry of a 

dictionary table . 

In addition , a record in ATSynonymous 

record requires preferred term in the 

3 . 7 Phrases matching and processing 

A phrase is a language construct with specific syntactic and 

semantic properties. The phrase component should occur in a 

common context within the document or query to which the 

phrase is assigned as content identifier and represent broader 

concepts (Salton , 1983 ) . 

In an information retrieval system supported by a database , 

records have fixed set of fields and wel l-o rganized data 

formats. The dat abase management systems are concerned about 

the storage , maintenance , and retrieval of data facts from the 

database. 
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Every information retrieval system consists of a set of 

information items (documents) , a set of requests (queries) and 

mechanism of determining which document meets the requirements 

of the query (Salton , 1983). In this electronic dictionary , 

the user provide the request in the form of phrases that 

specifically identify single concept in the field of 

mathematics. Each entry of the database field with field name 

Pterm in the table Term code , lists all possible concepts of 

the subj ect mater . In addition to these ideally the various 

elements of the thesaurus are also unique concepts of 

mathematics. 

The process of automatically searching similarity between the 

input term and the database information requires phrase level 

term matching . 

To avoid the different formats of a word and non - concept 

bearing terms , the Porter ' s word stemming algorithm that 

improves the reca ll o f the retrieval process is used. Using 

the stemming algorithm, every word of a given phrase will be 

converted in to their corresponding stem forms . Porter ' s 

stemming algorithm will return blank if the target word is a 

stop word or a single character word , other wise it returns 

t he stem form of the word by avoiding suffixes and prefixes. 
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Stemming algor i thm is used to reduce the variations of forms 

of words. It makes various words that share the same stem 

looks identical . This algorithm improves the recall of a 

retrieval system by increasing the probability of term 

matching. 

In processing this database, every non-stop word term of the 

input streams are treated as key terms in the process of term 

matching with the document in the database and the input 

phrase. In addition , the English terms of the term code table , 

excluding the stop word list , can be treated as a control 

index to the database information (document) . One module is 

constructed to filter non - stop word terms from the given 

phrase or phrases. 

Weighting stemmed words of the input query and the document is 

very important to generate the rank of the document to the 

request . The process of weighting the input query term and the 

database document is shown bellow. In a database system , the 

input phrases will be automatically stemmed . These stemmed 

input phrases are free fr om stop words and each stemmed words 

have equal importance in the searching process. Therefore each 

stemmed words in a phrase have identical weight . 

If phrase j is input phrase consists of stem words (Wli , W2i , 

... Wki) then 
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Wij =l/K Where 

Wij is the weight of stemi in stem phrasej 

K is the total number of stemmed words in the stem 

phrasej 

Similarly, the weight of a stem word in the document is given 

by: 

Wi j =NdN ,,,here 

Wi j is the weight of stemi in stem phrase j 

N is the t otal number of stemmed wordi in the stem 

document 

Ni the total number of stem words in the document 

Since the stored document in the database is a simple phrase , 

the number of similar stem words in the document (the value of 

a field in the database) is one. 

Therefore Ni =1 and 

Wij =l/N 

To formulate the similarity between the input query phrase and 

the phrase in the database , the following conditions are taken 

into consideration. 

• Similarity of the phrase is directly proportional to 

the number of common stem words. 
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• Similarity of the phrases is inversely proportional 

to the absolute value of the difference between the number 

of words in the input query phrase and the database 

phrase. 

Based on the above assumption, t he similarity between the 

stemmed phrases of the query and the phrase of the database 

can be estimated by the function 

Sim (phrase;, phrase j) (CM) / (NK) ( I N - K I +1) 

Where 

phrase; is the phrase in the database 

phrase j is the phrase in the query term 

C is the number of common stem words in the phrases 

N is the numbe r of stem words in phrase; 

K is the number o f stem words in phrase j 

M = Min (N , K) 

If the value of the similarity function is one , then there is 

strong relationship between the input phrase and the database 

term. The r elated information will be displayed to the user 

automatically , if there is only one phrase that satisfies the 

condition . However if there are more than one phrase that has 

similari ty coefficient value 1 to the input phrase or if no 

record entry has simi l arity value 1 and some have non zero 
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similarity, selection will be made by the user to confirm the 

requirement of the user and the search result . 

3.8 Document processing 

Another method of supporting users in the process of 

transla ting science and technology documents from English into 

Amharic is by providing Amharic equivalent of the key terms of 

the English document. The proces of retrieving concept bearing 

terms from document is not a simple process. However , to 

retrieve some of basic key terms with their Amharic equivalent 

and other basic references to the user , the system takes a 

sentence and the system will process according to the 

following logical design. 
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3.9 
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General logical desi n processing 
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Filter only stemmed 
words from the 

Set of stemmed words 
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Is there any 
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given word 
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~ 

Document the resulting dictionary term, 
its Amharic equivalent and code for the 
existence of definition and illustration 

All stems are 
processed? 

---.t---{l 

No 



Sentence in a document, in this system, is defined as a group 

of words , symbols and other character sets that terminate with 

a period. Even though this definition seems incomplete, it 

partially helps us to identify whether or not two words 

belongs to the same sentence or not. 

3.10 General logical design of phrase processing 

Inputs English term 
(word/phrase) 

Look for 
illustratio 
and 
definition 

Display the inform 
with the link 
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3 . 11 

User 
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Detailed logical design of phrase processing 

Stammer 
Input Phrase 

Similarity .. 
Stemmed 
Phrase 

List of records with 
simi larity coefficient 

Database record 

Stammer 

Teml Code 

Link Information 

Link Information 

Process TRelation 

Link Information 

I Process Link 
Fonn document I I ...-.. ----,---,------''-----,----, 

Link document 
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3.12 
Beside 

Amharic software 
the various problems especially in line with 

standardization , electronic processing of the Amharic document 

takes one part of the prototype development. 

The Amharic software that I used to process the Amharic 

document is the Power Ge ' ez 2000· , which has various week and 

strong side. Power Ge ' ez 2000™ is a Windows - based software 

t hat allows users to do word-processing in Ethiopic fonts. The 

software is designed to work with all types of Windows 

applications. Once installed onto your system, it will reside 

in memory making itself readily ava i lable to all active 

Windows applications . 

One of the strong side of power Ge ' ez is its abi l ity to read 

and convert documents written in different Ethiopic fonts. 
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Chapter Four: 

4 Program Deve lopment 

4 . 1 System input 

The system input of the sample prototype can be classified in 

to two as document input and phrase input. In the case of 

Document input , the system automatically detect any list of 

key terms from the document and retrieve their Amharic 

equivalent for readers to understand the concepts with in the 

document. However, the phrasal input, by which the user 

provide to the system at the time he/she request some 

information about single science and technology concepts. 

4. 1 . 1 Phra sal input 

The input English term is a key term (can be a word or 

phrase) that the professional and/or information seekers want 

to have the Amharic conceptual equivalence , its defi n ition and 

i llustrations in Amharic . This term can be as simple as a 

morpheme or as complex as a phrases or some times as sent e nce . 

But t o map the input to the concepts in the database there are 

various procedures and functions developed by scholars and 

researchers. Porter ' s Stemming algorithm is used in the 

process of mapping the inputs to the document that is 

available on the database. Porter ' s stemming algorithm code is 

available on the Internet using Pascal and Java programming 
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language. I have used th i s programming logic to code the 

stemming algorithm in visual basic. Array implementation is 

used to list out possible stop word lists , prefixes , suffixes 

and the method of morpheme modification . 

The general algorithm of the main module is shown bellow : 

If there is input EngIish phrase then 

• Avoid the stop words from t he input English phrase 

and find out the corresponding stem 'Nords to each 

phrase 

• Open the database to look for related information 

• For each stem word , execute the query that select 

records from term code table that includes words 

like the stem word followed by any character i n the 

field ESTerm . 

• To the retrieved list of records , find out the 

similari ty between the input phrase and the phrase 

retrieved from the record , wh i ch helps us to return 

the appropriate term code . 

• Sort the similarity coefficient in descending order. 

• Display if there is unique database document with 

similarity coefficient one otherwi se display the 

retrieved list with similarity different from zero . 

The program code is shown bellow. 

Private Sub CMDProcess Cl ickO 
Dim DBEDictionary As Database 
Dim temp As String, word As String 
Dim keyword As String 
Dim qry As QueryDef 
Dim qryTerm As Recordset 
Dim count As Integer 

SimWord.last = 0 
If «frmMainForm.txtEnTerm .text <> AEterm(cindex)) And (frmMainForm.txtEnTerm.text 
<> "")) Then 
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Call Library.InitializeVarialble 
EnTenn = fnnMainFom1.!xtEnTerm.text 
keyword = EnTenn 
temp = keyword 
Call Stemming.stripAffixesFromPhrase(temp) 

Whi le (temp <> "") 
Call Library.getWord(temp, word) 
word = Stemming.stripAffixes(word) & "*,, 
Set DBEDictionary = OpenDatabase("c:\dictionary97.mdb") 
Set qry = DBEDictionary.CreateQueryDef("", "SELECT SETCode.* FROM SETCode 

WHERE SETCode.ESTerm like'" & word & ""') 
Set qryTenn = qry.OpenRecordset 
Call processCode(qryTenn, keyword) 

Wend 

IfSimWord.last >= 1 Then 
Call ModuleSorting.quickSort(SimWord, 1, SimWord.last) 
count = ModuleSorting.NbStemWithCoefDne(SimWord) 
If count = 1 Then 

Call ProcessDictionary(Sim Word.lists(l ).code, True) 
ElseIf count > 1 Then 

Call frmAltemative.Show Altemative( count) 
Else 

Call frmAltemative.show Altemative(Sim Word.last) 
End If 

Else 
, look for in the synonymous tenn table 
temp = keyword 
Call Stemming.stripAffixesFromPhrase(temp) 

While (temp <> "") 
Call Library.getWord(temp, word) 
word = Stemming.stripAffixes(word) & "*,, 
Set DBEDictionary = OpenDatabase("c:\dictionary97.mdb") 
Set qry = DBEDictionary.CreateQueryDef("", "SELECT SESTCode.* FROM 

SESTCode WHERE SESTCode.ESTenn like '" & word & ""') 
Set qryTem1 = qry.OpenRecordset 
Call processCode( qryTenn, keyword) 

Wend 
IfSimWord.last >= 1 Then 

Call ModuleSorting.quickSort(Sim Word, 1, Sim Word.last) 
count = ModuleSorting.NbStem WithCoefDne(Sim Word) 
If count = 1 Then 

Call ProcessDictionary(Sim Word. li sts(l ).code, True) 
ElseIf count > 1 Then 

Call frmAltemative.S how Alternative( count) 
Else 

Call frmAltemative.ShowAlternative(SimWord.last) 
End If 
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Else 
MsgBox "not found in the dictionary" 

End If 
End If 

End If 
End Sub 

4 . 2 Document file input 
Occasionally , users may need to provide the document file to 

the system, so that the system will retrieve relevant 

information to the user by identifying the list of key words 

that are available wi thin the document. These can help the 

users to identify the key terms and their Amharic equivalent 

and a remark on the presence and absence of additional 

information like definition and illustration . 

The process is made by identifying one sentence of the 

document file and repeats the process for all sentences of the 

document. The code that manipulate a sentence is shown bellow: 

Sub processSentence(sentence As String) 
Dim word As String 
Dim i As Integer 
Dim pos As String 
Dim temp As String 
Dim foundphrase As String 

Call stripAffixesFromPhrase(sentence) 
temp = Trim(sentence) 
SimWord.last = 0 

While (temp <> "" ) 
Call Library . getWord(temp , word) 
word = word & 1' * " 
Set DBEDictionary = OpenDatabase( "c:\dictionary97.mdb" ) 
Set qry = DBEDictionary. CreateQueryDef ("" , " SELECT SETCode. * 
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& 
FROM SETCode WHERE SETCode.ESTerm like '" & word & "''' ) 

Set qry~erm = qry.OpenRecordset 
Call processCode(qryTerm, sentence) 

Wend 

If (SimWord.last <> 0) Then 
For i = 1 To SimWord.last 
SimWord.lists(i) .Similarity = & 
Similarity.countWord(SimWord.lists(i) .name) 

Next i 
Call t1oduleSorting. quickSort (SimWord , 1 , SimWord. l ast) 

For i = 1 To SimWord . last 
foundphrase = Trim(subSentence(sentence , 

SimWord.lists(i) . name)) 
If foundphrase <> "" Then 
pos = InStr(sentence , foundphrase) 
If Not foundbefore(keyWordFound , 

Then 
SimWord . lists(i) . name) 

keyWordFound.last = keyWordFound.last + 1 
keyWordFound . list(keyWordFound . last) . name = & 
SimWord.lists(i) . name 
keyWordFound . list(keyWordFound.last) .code = & 
SimWord . lists(i) .code 

End If 
End If 

Next i 
End If 
End Sub 

4.3 Record selection from term code table 

Three different cases are encounter i n the process of 

identifying record that has some sort o f similarity with input 

queries . The three cases are indication s to the relevance of 

the document to the query. These are : 

1. The query stem words could be mapped to exactly one 

record in the database table with similarity coefficient 

one . In such cases this record and its associate will be 

displayed to the information seeker . 
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The assumption is that, since there is only one record in 

the appropriate table that match the input query , this 

should answer the user needs. Otherwise the user will get 

his/her information need from the list of possible links . 

2. The query stem words could be mapped to more than one 

record in the database table with a simi larity 

coefficient of one. This shows the existence of many 

related concepts so that the user should select the best 

key phrase/word from the list of options displayed in the 

al ternati ve form. The selected item with its associated 

information will be displayed. 

3. The query stem words couldn ' t be mapped to any number of 

records in the database table with similarity coefficient 

one . However , there may be list' of terms from the 

database with similarity coefficient greater that zero 

and less than one . This indicates the absence of exact 

match term and presence of at least a term that have some 

sort of similarity. This may also be encountered due to 

spelling error , use of synonymous term, which doesn ' t 

exist in the database. In such condition , all terms 

which have non zero similarity coefficient will be 

displayed to the user in descending order of their 

similarity so that the user can select his need if exist 

or it gives a chance to reformulate the query . 
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In the process of searching appropriate record to a query , 

different forms of query can be used to refer to various 

records . For example , in t he comple x number representation 

system, a + bi, there are two parts: the real and the 

imaginary part. To retrieve information about the imaginary 

part , the input key word may have the following forms : 

o imaginary part 

o imaginary number 

o imaginary part of complex number 

o the imaginary number of a comple x number 

o imaginary side of complex number 

o complex number 

o number etc 

The first five are almost conceptually identical that are 

represented by only one preferred term (imaginary number) in 

the term code table . These phrases have at least one word in 

common ' Imaginary ' which can be an indication to their 

similarity and to the concept the user need to retrieve. Using 

only one word may not be fully informative since imaginary can 

be used to show either axis or numbers or others . Furthermore , 

some time there may be various occurrences that do not have 

any common word , in such cases it may require further word 

processing, concept matching and other process. The last two 
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are wider in context , which can be easi l y retrieved through 

te rm relation . 

4.4 Logical design to English input word 
processing to get the term code 

/ Phrase/word from 
the interface / 

+ 
Avoid stop words and get 
keyword(s) 

+ 
Retrieve a word/phrase form 
TCode table 

... 
Avoid stop word and get 
keyword(s) Return the term code of 

~ the phrase 

Identify the first word from User selects the 
each keyword(s) and remove most related topic 
them from the keyword li st 

~ Display all the items with 
Calculate the similarity between lReturn the term similarity greater than 

pode of the phrase the stenuned input phrase and zero in descending order 
the stemmed database phrase 

+ 
Count the number of 
phrases with similarity 
equals one 

iEquals=1 1 
Value of count Equals=O 

Greater than 1 

User selects the most related 

Display the li st with 
topic 

Return the term code 
similarity coefficient one of the phrase 
to the user for selection 
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Once the term code is achieved for the English key word , then 

it become simple to retrieve the basic informat i on from the 

dictionary table that includes Amharic equivalence , definition 

to the Amharic term, and illustration . The supplementary 

information as picture and the see also information should be 

retrieved from their corresponding table . The logical design 

on how to process the database to retrieve the information is 

shown bellow. 
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/ Get Tenn code / 
Look for a record in the table Dictionary with the 
same tenn code and display the infonnation 

Look for a record in the table ASynonymous with the 
same tenn code and display the synonymous to the 
Amharic tenn 

, 
Look for a record in the table Picture with the same 
tenn code and display picture 

Look for records in the table THierarchy with 
TCode equal to the input tenn code 

+ 
From each record take NTCode and look for the 
ATelm in the dictionary table and display it. 
(Narrower tenns) 

Look for records in the table THierarchy with 
NTCode equal to the input tenn code 

Take the TCode and look for the ATenn in the 
dictionary table and display it. (Broader tenn) 

Look for records in the table T Association with 
TCode equal to the input tenn code 

From each record take RTCode and look for the 
ATenn in the dictionary tab le and display it. (Related 
tenns) 
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The function "process dictionary " is the visual basic 

implementation of the logical design. The following code shows 

how this function process the data in the database . 

Sub ProcessDictionary(AmTermCode As Long, With En Term As Boolean) 
If AmTennCode <> -1 Then 'indicate absence of related in formation in the database 

If Not WithEnTenn Then 

Call InitializeVarialble , initialize public variable 

Entenn = ProcessTennCodeTable(AmTennCode) 

End If 

, return the English term 

Call ProcessDictionaryTable(AmTermCode) , set AmTerm, Definition and illustration 

Call ProcessPictureTable(AmTennCode) , set file name for the picture 

Call ProcessRealtionTable(AmTennCode) 'set see also information 

Call DevelopLinkInfonnation( definition, txtDefinition) 'create the document link 

information 

Call DevelopLinkInfonnation(illustration, txtIllustration) 'shows the link to the user 

Call refi"eshMyFonn 

Call DisplaySeeAlso( cindex + 1) 'show related term, narrower term and association 

Call SetDefaultColor 

Call UpdateS tack 

Call ShowLink(txtDefinition) 

Call ShowLink(txtIllustration) 

Else 

MsgBox "Sorry We don't have such infonnation" 

End If 

End Sub 

After the required information is displayed on the output 

screen we have to process the output information to make the 

output more transparent . A link should be developed to 
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phrases/word that have fur t her elaboration which includes the 

see also information, selected words/phrases in the 

definition/ illustration. These processes also require Amharic 

document processing like stemming , indexing , morpheme 

identification and others t o automatically identify which 

phrase/word has entry point in the database . 

Sven though there are researches a lready conducted in the 

area of automatic Amharic word stemming , indexing, and 

and processing , it becomes very difficult to find it 

incorporate into this proj ect . However to the development of 

the prototype, manual concept-tagging method is used to create 

links for the Amharic document , which can serve to elaborate 

the linked item . 

Nowaday, automatic text processing of Amharic document is at 

its infant stage . As a result , automatic identification of 

Amharic texts from a given document that can be linked to 

another document in the database is very difficult . Therefore 

manual method of concept identification and tagging is used in 

the process of development of the prototype . 

To elaborate the difficulty of automatic concept 

identification , assume we have a phrase that consists of three 

words . Assume also all the words together , each word 

independently , and all possib le combination of two words have 

associated concepts in t he database. In this case to 
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automatically select which word(s) should have a link , we 

should have a mechanism that analyze the semantic of the 

Amharic document and other morphological analysis are 

required. Therefore the manual tagging method should be used 

with out hesitation even though it is tiresome and bulky. 

The symbol ~ (8) is used as a starting tag and ~ (in) is used as a 

closing tag for the Amharic key terms having associated 

information to be linked. The link code associated to the 

document to be retrieved when the user clicks on the link is 

attached immediately the closing tag separated by blank space . 

If there are two or more similar items in a document , which 

has an entry in the database, only the first item will be 

tagged for link development. 

4.5 Logical design of creating a link to Amharic 
document 

A) For see also information 

/ Get the term from the / 
output screen 

Create a link to the entire 
text 
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The see also information are the broader , narrower, and 

related concepts of the target item. To avoid confusion , each 

concept has different link color. 

B) For definition/illustration 

/ Get the entire text ~ 
~~-~_/ 

+ 
Look for the starting tag ~ (5) position 

Look for the end tag ~ 

I Look for the term code for the link 

--r 
Create a link for the text starting from the 
starting tag position to the end tag 

( ) 
.. Yes 

Stop .... 

~ 

All text is 
processed 

4.6 The user interface 

No 

The user interface is the interface that the user request 

information from the stored database and the output 

information will be displayed to the user . Before displaying 

the output information to the input query , there may be 
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different dialog boxes displayed to confirm the relevance of 

the out put information to the user inquiry. 

The main dialog box accepts user request in the form of 

English phrase and display the relevant information to the 

request. It has various kinds of objects like buttons, menus 

and edit boxes as shown bellow. 

Fig 4.1 

~ .. "" ... 10 bo looked for 

If necessary , confirmation of message window will be displayed 

with list of possible options available in the database . Some 

of the confirmation dialog boxes are: 

• I f the searching mechanism found out two or more 

equally important records 
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possible records that satisfy the condition will be 

displayed on the form frmTopFound. This form also be 

used in the condition where no records are found 

with similarity value one but if there is any record 

with similarity value greater than zero . 

Fig 4.2 

Topic Found 

Click a topic then click Display 

c.~!.imJ.~L .... .. .... .......................................................................... .. ................................................................... . ; 
.,; 

cylindrical coordinate system 

Cancel 

• If the user wants to move to specific page which is 

already browsed by the user (frmMoveTo form) 

Fi.g 4.2 

Iii. Move To EJ 
,.,..,...,-:;-----~ ...... . 
List1 

] ... . .... • 
. . . . . . . . . . 
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4. 7 Sampl e test result 

4.7.1 Document file processing result 

The database consists of 846 concept-bearing terms , out of 

which 18 terms are synonymous terms. That means there are 826 

unique English concept bearing terms . Out of these, 793 (96%) 

have Amharic equivalent , 303 (36. 7%) have Definitions and 93 

(11 . 25%) have illustrations. The high percentage of terms 

without definitions and illustrations indicates that a lot 

should be done in the process of elaborating the terms already 

translated into Amharic language. Each term is placed as a 

narrower term and lor related term in the term association 

hierarchy. The prototype program is designed to provide 

relevant information to the user of the system. It provides 

Amharic equivalents to terms , definitions and illustrations to 

the Amharic term. the system is tested in two ways : by 

providing text document and simple phrases to the system. 

The sample input document is the second unit of the document 

from grade 9 textbook. This document contains variou s terms 

related to the main topic ftset" . From my observation the 

systems identifies almost all terms that are registered in the 

term database and provides the Amharic equivalents to the 

terms and inform the presence and absence of definition and 

illustration . 

From the input file containing 2409 words , which contains 

various kinds of mathematical terms , 65 different science and 

100 



technology terms (phrases/words) together with their Amharic 

equi valent are retrieved. The retrieved terms consist of 100 

words , which is 4 . 15% of the total words in the document. This 

shows by average from every 24 words in the document there is 

one science and technology term. Even though there is no 

module that checks the semantics of the term, from the list of 

the retrieved document only one term semantically provides 

invalid meaning , namely the term unit. Unit is defined in 

mathematics as a standard to define measurements , however , the 

term is used to mean beginning of new chapter. I ncluding this 

term, the following statistics are observed in line with the 

presence and absence of definition and illustration to the 

Amharic term. 

Table 4 . 1 

Term definition Term illustration 

Absent Present Absent Present 

33 32 40 (61.5%) 25 

(50 . 8% ) (49 . 2) (38.5%) 

4 . 7.2 Performance evaluation of the system for user query 

To evaluate the performance of the system for the input query , 

30 different queries are taken from 3 different subject 

specialists . 
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The list of queries can represent the entire population 

because 7 of them have 3 concept bearing words, 12 of them 

have 2 concept bearing word and 11 of them have one concept 

bearing words. Therefore there are about 54 concept-bearing 

words in the sample queries. This is 6.5% of the total unique 

concept bearing terms registered in the database sys t em. 

The list of queries and summary of the system response is 

given bellow: 

Table 4.2 

Query System response 

Proper Defin Illus # of 
Amharic ition trati Alterna 
meaning on tives 

1 What is limit? Yes No No 1 

2 What is Neighborhood? No No No 1 

3 What is continuity? Yes No No 1 

4 What is part ion? Yes No No 1 

5 What is sequence? Yes Yes No 1 

6 What is convergence? Yes No No 2 

7 What is integral? Yes No No 1 

8 Give me information a bout 6 
test of convergence? 
For convergence test Yes Yes No 

9 What is divergence? Ye s No No 1 

10 What is Regular partition? No No No 5 

11 What i s the relation 6 
between group and field , 

For field Yes No No 
For Group Yes Yes No 

12 What is a divisiol! ring? Yes No No 1 

13 What d o mean by similar 4 
triangle? 
For similarity Yes No Yes 
For Triangle Ye s No Yes 
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14 What is a limit of a 2 
function? 
For Function Yes Yes Yes 
For limit Yes No No 

15 Give some explanat i on about 3 
deri vative 
Fo r deri vative Yes No No 

16 What do mean countabl e set? 9 
For Set Yes Ye:'l Ye s 

17 What i s a pa r a llelogram? Yes Yes No 1 
18 Is Trapezium a parallelogram? 2 

For Pa r allelogram Ye s Ye s No 
For Trapezi um Yes Yes No 

19 Compare circle and polygon 5 
For circle Yes No No 
For po l ygon Yes Yes yes 

2 0 Is natural numbers integer? 8 

For natural number Ye s No No 
For Integer Yes Yes yes 

21 What is a field? Yes No Yes 1 
22 What i s a sub group? Yes No No 1 
23 What is a cosset? No No No 1 
24 What is an algebraic 11 

Structure? 
For structure Not No No 

suffici 
ent 

25 What is a group 4 
homomorphism? 
For group Yes Yes No 
For homomorphism Yes No No 

26 What is an algebraic No No No 13 
numbers? 

27 What is a uniformly 7 
convergent function? 
For Uniformly continuous Yes No No 
functi on 
For convergent Yes No No 

28 What is a simple ordered 4 
set? 
For Ordered field Yes No No 

For Ordered group Yes No No 

For Ordered pair Yes Yes Yes 
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29 What is a doub l e angle Ye s No No 1 
formula? 

30 Wha t i s a l eft unitary No No No 3 
module ? 

To each o f the queries , the syste m r espon se is c l ass i fie d in 

to five based on t he accurac y of the output t o the que ry as : 

High wi t h accu racy value 3 , whe n the sys t e m p rovides 

appropriate mean i ng with or wi tho u t related i n forma ti on to t h e 

e ntire r e q uest . 

Satisf actory with accuracy value 2 , when t he system provides 

appropriate meaning to each of the concept bearing 

words/phrases with or without related information to each 

concept and the user can easily grasp some idea of his need . 

Fair with accuracy value 1 , when the system provides 

appropriate meaning to some of the concept bearing 

words/phrases with or without related information to each 

concept. 

Poor with accuracy value 0 , whe n t h e system doesn ' t provides 

any information at all or the information is irrelevant. 

Table 4.3 

Number of concept bearing words in a query 

11 
(1 00%) 
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From this data, we can summarize t he following conclusions : 

1 . The system provides highly accurate information to the 

query if the query is a single word query (82 %) 

2 . The system provides satisfactory information to the query 

if it consists of two concept -bearing words (42 %) 

3. To all type of queries , the system provides basic 

information (highly accurate (46.6%) or satisfactory 

(23 . 3%» 

4. High probability of poorly accurate output i s observed in 

the case of a single concept query. This is the condition 

where the term is not registered at all in the system. 

4.7.3 Verification of the formula 

Sim (phrasei' phrasej ) = (CM)/«NK) (IN- KI+l» 

This process is used for verification of the above formula. In 

the process of retrieving relevant information , if there is no 

intermediary alternative list, it is an indication of strong 

similarity between the input query and the database 

information . 

Three input queries are avoided from the above table (table 

4.4) , since there is no record in the database that has at 

least one common stem word. Precession is zero if no match 

occurred . 
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From the given list of queries, which have similarity 

coefficient value one , there is one query with poor precession 

measure. This is because the term is registered in the 

database without any Amharic equivalence . 

To prove or disprove the existence of significant association 

between the similarity coefficient and the precession measure, 

the following hypotheses are taken . 

Ho there is no significant association between the variables. 

Hl = there is significant association between the variables. 

The following frequency is observed for all possible 

combination of similarity coefficient and precision measures . 

Table 4.4 

>- 0 
~ ~ rl ·c .c '-' ~ H ro 0' ~ 2:' 0 ru 

ro +J ·E 'M Cf) LL 0 0 :I: "" '" ro ~ 
(f) (f) 

1 1 2 0 0 1 13 

p.66667 1 1 0 0 2 

p.5 1 10 2 0 13 

0.33333 0 3 6 0 9 

Total 14 14 8 1 37 

From this table we can see that highest percentage of highly 

accurate document is retrieved with similarity value of one 
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(85.7%). Using the Chi Square test , the existence of 

association between the variables similarity coefficient and 

presison measure can be shown as follow. 

Where 

2 X cal is calculated chi square value 

()ij is the observed frequency 

E ij is the expected frequency 

i is row value 

j is coulumn value 

Where 

fi is the total frequency of row i 

fj is the total frequency of column j 

2 From the above data , X cal equals 40.86264 

Total degree of freedom = 9 . 

The tabulated chi square value at a =0 . 05 for the above degree 

of freedom is : 

2 2 
Therefore X cal > X tab 

This shows : 
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The null hypothesis is not valid so that we have to accept the 

alternative, which says there is significant relation between 

the similarity coefficient and the precision measure. 
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Chapter five 

5 Conclusions and r ecommendations 

5.1 Conclusion 

The development of local language is of great importance to 

many aspects of the country . This can be achieved by doing a 

lot of related researches and experiments that direct the way 

to make local language developed in line with science and 

technology. The ex ist ence of s cience and technology material s 

written in the language of the society will provoke the 

interest of the society to read and write simple/complex 

documents using their language which is an indication of 

modernization of the language . 

This experiment shows the possibility of using science and 

technology facilities , like computers , that can help 

professionals of mathematics and interested groups i n the 

process of modernizing the local language (Amharic) . 

It is also indicated that the similarity coeffici ent between 

two phrases is a vital indication of the importance of the 

output information to the input query . 

The importance of the output information decreases as the 

number of concept bearing words in the input query increase. 
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5.2 Reconunenda tion 

The designed system doesn ' t consider the concepts of standard 

mathematical symbols during the process of identifying 

keywords from input document file . In addition, the research 

is limited to only one science and technology discipline 

"mathematics". The first recommendation is to invoke 

researchers to test the possibility of automating the above 

listed problems. 

The next recommendation concentrates on how to make this 

system functional . The system provides basic concepts to 

information seekers . However , some of the database fields have 

no value especially for those fields that provide further 

illustration like definition and illustration of the Amharic 

equivalent . 

Therefore , it is strongly recommended to design a project that 

makes this system functional. 
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