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ABSTRACT 

To organize its news stock efficiently and to facilitate the storage and retrieval of news 

items, Ethiopian News Agency (ENA) use a classification scheme developed in-house. 

With its large volume of news items produced each year, ENA is facing problems in 

classifying news items timely. This research has come up with Amharic News 

Classifier (ANC) that has the capability of classifying Amharic news items into the 

predefined classes automatically based on their content. 

The development of automatic document classification system passes through di fferent 

steps and there are different methods that can be used at each step. This research used 

statistical techniques of automatic class ification in all the steps. The steps in automatic 

class ification include document analys is, generation of document and class vectors 

based on document and class representatives, and matching document and class 

vectors to determine the class where a document belongs. 

The process of document analysis reqUIres some preprocessmg activities such as 

stemming and stopword removal, which are language dependent. In this research, the 

key terms are stemmed using a simple depluralization and suffix and prefix removal 

program developed for this purpose. A database of stop word list, which contains 

most frequently occurring Amharic words, was also developed. In addition, problems 

related to Amhatic language script were considered during text processing. 

To identify document representatives, tfX idf weighting technique is used. Class 

vectors, also called centroid vectors, are generated by computing the average value of 

document vectors. After identifying class representatives from the learning data set, 

x 



cosine function is used as a matching technique to automatically classify the test data 

set that had no relation with the construction of the class vectors. 

The overall result of this research has showed that statistical techniques can be used to 

analyze Amharic news items and classify them automatically into predefined classes. 

After training the classifier, 273 out of 321 news items were correctly classified by the 

system. The result is very promising, however, additional works are recommended in 

order to implement the system. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND 

The public needs to be updated on important public events such as actions of 

governments, social or economic trends, education, and international relationships, 

which are often referred to as hard news (ENA, 1993a). 

Other news types include gossip items about celebrities, off beat incidents, sensational 

crime cases, sudden happenings, such as fire, a jury verdict, or a parliamentary 

decision etc. , which present public interest (Ibid.). News is often the account of 

something rare and out of ordinary. 

In general, news is a prompt, "bottom line" recounting of factual information about 

events, situations, and ideas (including opinions and interpretations) calculated to 

interest an audience and help people cope with themselves and their environment 

(ENA, 1993b). 

For this purpose any government establishes an organization that facilitates the free 

expression of opinions and views among the people. As a result in Ethiopia, the 

Ethiopian News Agency (ENA) was established 58 years ago with the name "Agance 

Direcsione" under what is used to be known as the Minish'y of Pen, which cUlTently is 

called Ministry of Culture and Information (Ibid.). 



In 1967, however, its name was changed to its current name, ENA. Finally, the 

Transitional Government of Ethiopia embarked on restructuring the news media in 

1995. The agency then became an autonomous public agency having judicial 

personality under a board whose members are drawn from a cross-section of the 

society. 

The responsibility of the agency, as proclaimed by the Transitional Government of 

Ethiopia, is to gather and distribute balanced and accurate news and news materials, 

concerning Ethiopia and the rest of the world, in Amharic and English languages 

(TGE, 1995). 

1.2 ORGANIZATIONAL STRUCTURE OF ENA 

Like any public organization in Ethiopia, the structure of ENA is divided according to 

the distinctive nature of the work at the agency. The staffs are identified as two groups: 

technical and administrative. The staffs of the information desks Uournalists) and other 

technical staffs are administered under the Board, while the support staffs of the 

Agency are administered under the federal civil service laws. 

In May 2000, ENA had some 100 journalists actively engaged in gathering, writing 

and editing of news and news materials. Of these, 32 junior reporters, 32 senior 

reporters, 19 assistant editors, 10 editors, 6 deputies editor-in-chiefs and I editor-in­

chief. The organizational structure of the agency is attached as Annex 1. 

1.2.1 The Desks 

There are four desks within the Information Coordination Department classified 

according to the distinctive circumstances related to the source and destination as well 
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as the manner of gathering and disseminating news and news materials. These are (1) 

the Regional Desk, (2) the Addis Ababa Desk (also called the City Desk), (3) the 

Foreign Languages Desk and (4) Broadcast Monitoring Desk. 

1.2.1.1. The regional desk 

This desk is responsible for gathering news and news materials from across the nation 

except Addis Ababa and its surrounding localities. 

ENA's correspondents at the 15 main branches and 22 sub-branches in the various 

national states are directly accountable to this desk. Most of the news on the various 

social, economic, political and cultural lives of the people in all corners of the country 

comes to the mass media, and through the efforts of the staff of this desk, to the minds 

of millions of the people. 

1.2.1.2. The city desk 

As it is currently called, Addis Ababa desk has been performing news gathering and 

dissemination activities for nearly four decades now, only that its focus is confined to 

the capital city. Being the seat of the Federal Government and several international 

organizations, the people at this desk are very busy. 

The desk has standby reporters at Bole International Airport, and regularly covers 

events at the Parliament, the Federal High Court, the Palace and the Prime Minister's 

Office. 

3 



1.2.1.3. The foreign language desk 

This desk is the main escritoire inside ENA that provides the foreign community with 

important and up-to-date news and information about current political, social and 

economic affairs of the country. 

The desk acquaints the English speaking community with issues that have optimal 

importance. Significant stories sent by reporters of the regional desk are translated into 

English at this desk. 

1.2.1.4. Broadcast monitoring desk 

This desk is responsible to monitor more than 20 international broadcast stations 

around the world. It then supplies the other information desks with current news and 

news materials, thereby enriching the output of the agency. 

The service is furnished with professional equipment that allows the multilanguage 

staff to render the desired service. 

In general, every minute and hour the news agency receives a vast quantity of news 

from different places through the above desks. The agency receives overseas news 

from different news agencies, such as AFP, Xenuoa and Reuter. The correspondents 

who are in the different regions of the country send news through the newly 

established wide area network. The monitoring desk compiles the news that it gets 

from the different mass media and analyzed as important. As a result the news agency 

is flooded by news and views every day. 

4 



For example, with the four news desks ENA has produced a total of 18,868 news items 

last year (1992 E.C I
) alone (ENA, 2000), of which the Amharic news accounts for 

62% of the total news. 

1.2.2 The Current News Management System 

Recently, a computerization project was initiated by the agency. The project produced 

a networked software system called ENASoft for the purpose managing news items 

that are produced inside the agency. 

The software is bi-lingual -Amharic and English - and it is used to create, edit, 

manage and archive news items. To enter and edit Amharic text, Visual Geez Amharic 

software is imbedded into the software. The City and Regional Desks prepare Amharic 

news items. 

The software is a client-server application developed to store and edit news items in a 

networked environment. Currently, 15 branches are connected to the central server and 

journalists from these branches send news material through the network to the central 

server. 

The software is a database application, whose front-end is made usmg Microsoft 

Visual Basic Programming Language. The database is developed using Microsoft 

Access. There are 17 tables to store different infonnation. The database is used to 

store only the meta data about every news item, which includes headline, journalist 

name, editor name, classification code, sub-classification code, slug, keyword etc. 

Every news is assigned an ID through an auto number field. 

1 E.C. refers to Ethiopian Calendar. 
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The news ID is then used to create an "rtf' file that holds the actual news data without 

the above information (headline, slug, author etc). The ID along with the text nENAn 

is assigned for the file name of the news. The files are stored in the folder of each 

news desk. That is, all news produced by City Desk, for example, are stored in the 

folder DocA (to mean documents of Addis Ababa). 

The database stores meta data of both Amharic and English news items altogether in 

one table. However, data on Amharic news items is entered into the database in 

Amharic and data for English news items in English. The 'NEWSID' field, which 

contains the name of the file (without extension), has different formats for the two 

news types. In this field Amharic News items have value which starts with n}'"Hltn, 

while English news items start with "ENA", and it is similar to their file name. For 

example, this field contains }'"H},,41345 for a news item with an id 41345, if it is 

Amharic news, otherwise it will contain ENA41345. 

The software has three major components that work as integrated system. 

I. ENASoft Regional :- is used by regional sites to create, manage and transmit news 

to ENA headquarter. 

2. Regional News Monitor: - is used to monitor incoming news from regional sites, 

which are then automatically routed to the ENASoft Central for processing, 

3. ENASoft Central: - is the main system to process and manage news stories at the 

headquarter. 
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The software also provides a security feature that allows access to data only to eligible 

users according to their privi lege. 

1.3 STATEMENT OF THE PROBLEM 

Every news is processed (shaped and sharpened) by editors and assistant editors before 

it is dispatched to reach the public. In other words, the raw data received is filtered, 

processed, assembled and then passed as finished product (Whatmore, 1978). An 

editor does the processing job, where he/she evaluates the news, cuts it to length, fill 

out background, checks facts, punctuates, indicates layout and type faces. Above all 

news has to be new, although there is a continuity of running stories. That is, the 

originality of the news should also be checked. 

With a vast inflow of daily material to news agencies, each day's work must be 

completed before the next brings another bunch of news for processing. As stated 

above, checking whether the coming news as new or not and finding already existing 

news that can be used as background and checking facts are the daily routines of any 

agency. 

As a result, developing a system of rapid reference to the news that have gone by, and 

to store facts for its own use is a pressing need of ENA. The retrieval of stored news 

for background purpose, for example, should be very fast, as the news to be produced 

has a very high obsolescence ratio (Ibid.). 

Therefore, for reasons mentioned above the news stock have to be organized properly 

so as to facilitate storage and retrieval. Humans use classification techniques to 

organize things in various activities of their life. In fact, classification occurs in a wide 
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range of human activity, and as Kumar (1999) says, human progress would be 

impossible without classification. 

Classification techniques are applied in an information storage and retrieval system in 

order to facilitate access to, and use of the system (Hunter, 1995). Especially in a 

system where there is large collection of documents, retrieval of a given document or 

sets of documents can be possible if the collection is organized systematically. 

Actually, as Cheng and Albert (1995) quoting Davies says, the greater our ability to 

store information, the more attention must be paid to the problem of organizing and 

retrieving it. 

There are different classification schemes developed for different application areas. 

Advantages of using classification schemes include improved subj ect browsing 

facilities, potential multi-lingual access and improved interoperability with other 

services. Classification schemes vary in scope and methodology, but can be divided 

into universal, national , general, subject specific and home-grown schemes. 

Libraries are the most beneficiari es of the classification process. They use di fferent 

scheme, like Dewey Decimal Code, Library of Congress, Ranganatan's faceted 

classification scheme etc. These schemes can also be used for other knowledge 

organization purposes other than books. In fact, there is no one classification scheme 

which is suitable for all purposes and the choice, or design, of a classification scheme 

will be governed by factors such as type of infOlmation system, the objectives of the 

system, and user requirement (Hunter, 1995) . Based on these principles, ENA is using 

an in house developed classification scheme. 
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The news agency has been using fewer classes (4 to be specific) to store its news items 

up until late 1999. Since then, however, the classification scheme has been revised to 

provide a more detail content-based retrieval facility. The revised classification 

scheme contains 17 main classes and a maximum of 300 subclasses. 

As of May 2000, ENA has also implemented a networked computer system (ENASoft) 

to prepare, store and dispatch news produced by the agency. When entering a new 

news item, the system requires the class ification, and subclasification code to be 

entered manually along with the news. The reporters and/or editors are required to 

classify the news and enter the code when they input the news using the software. In 

fact the software provides the list of classification codes in a list box. 

However, the journalists do not have the necessary skill on how to give class codes for 

news items. Besides, there are no enough information professionals who can assist 

them in the classification process. As a result, they make mistakes when entering class 

codes for the news items2
. For instance, since the software forces a class code to be 

filled in before the news is typed in, a hasty journalist can select a classification code 

that may not be related to the news content from the list. 

There are also many problems observed with a human classifier that affect 

classification results , which include: perception, comprehension, and judgment (Cheng 

and Albert, 1995). 

2 Ato Teshager Shiferaw - Edi tor 
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In view of the foregoing discussions, it is felt that an automatic news classification 

system should be developed that assists journalists in addressing the problems 

encountered during manual classification of news items. 

In the area of information storage and retrieval, extensive research has been done to 

test the possibility of automatic classification of documents. Some automatic 

classification procedures are concerned with clustering documents without priorly 

defined classes, which is usually referred to as document clustering (Larson, 1992; and 

Losee and Hass, 1995). On the other hand, there are also techniques for classifying 

documents automatically to predefined classes (Choi, et. al. 1996; and May, 1997). 

This thesis work therefore is an attempt to explore methodologies for classifying news 

items automatically into predefined classes. In this research news item and documents 

are interchangeably used. 

1.4 JUSTIFICATION OF THE STUDY 

In a large collection of electronic documents, it is difficult to manage and classify 

documents manually; especially when timeliness is a very important factor as is the . 
case of ENA. In fact, as classification is time consuming and expensive process it is 

obvious that investigation of the use of automated solutions are worthwhile (Takkinen, 

1995). 

Specific reasons that justify the consideration of automatic classification may be 

summarized as fo llows: 
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o The timeliness characteristic of news item IS achieved by classifying news 

items every time (if possible every day). 

o Currently journalists themselves who are not specialists in this area do the 

classification process. If this is to be continued, it will take long time for them 

to learn and use the classification scheme properly and correctly. 

o It will decrease the burden of the journalist, where classifying news item is not 

their main responsibility and assumed as wasting oftime.3 

o Experience shows that, different reporters class ify the same news in different 

classes.4 

In addition to this , it is observed that, other news agencIes are usmg a detailed 

classification scheme. Reuters , for example, has more than 200 main classes. And the 

reason for ENA's narrower classification scheme is lack of skilled manpower to 

implement a detailed classification codes 

It will also be very cumbersome to reclassify old documents that were broadly 

classified. Therefore, to improve the discovery of old news stories, automatic method 

of news organization might be necessary. 

The agency may also provide such fac ilities as a means of production of different 

bulletins, news analysis and feature stories if there is an efficient storage and retrieval 

system that properly classifies news items. 

3 Ate Teshager Shiferaw - Editor 
4 Ato Sileshi Tessema - Department Head 
S Atc Simeneh Mekonen - Coordinator of the class ification scheme 
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Researches showed that automatic classification can be helpful in the area of 

mechanized procedures for sorting letters on the basis of machine-read post codes, 

assigning individuals to credit status on the basis of financial and other personal 

infOlmation, in preliminary diagnosis of a patient's disease in order to select 

immediate treatment whi le awaiting definitive test results (Aas and Line, 1999). Other 

areas include determining the topic area of an essay; deciding to what folder an e-mail 

message should be directed, and deciding to which news group a news atticle belongs 

(Hsu and Sheau-Dong, 1999). 

1.5 OBJECTIVES OF THE STUDY 

1.5.1 General Objective 

The general objective of this study is to investigate the characteristics of Amharic 

news items that flow into ENA and design a prototype using statistical techniques that 

automatically classify news items into their predefined classes based on their content. 

1.5.2 Specific Objectives 

o Review literature on the concept of classification and the available techniques 

of classifying documents automatically. 

o Build stop word list 

o Select classification techniques to build an automatic Amharic news 

classification system. 

o Using the selected technique design a prototype that automatically classifies 

news items according to their content. 
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o Test the system developed to measure its performance 

o Make recommendations on what should be done next. 

1.6 METHODS 

1.6.1 Data Collection 

1.6.1.1. Literature review 

To get an understanding of the various techniques of automatic classification, relevant 

published documents, materials on the Internet and journal articles are reviewed. 

1.6.1.2. Document Analysis 

To have further understanding of the manual Amharic news classification system at 

ENA, the fo llowing documents are analyzed. 

o The CUlTent classification scheme 

o Manually classified Amharic news items 

o ENASoft software and documentation 

1.6.1.3. Interview 

To have a clear idea on the manual classification scheme and the problem area, 

interviews and discussions were conducted with appropriate staff of the agency, 

especially those involved in the development of the news classification scheme. 
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1.6.2 Sampling Technique 

The population of this study is two year data. However, news items of the first year are 

stored inside the software with the old classification code. This means, the agency has 

only one-year data classified with the current (revised) classification code. 

In this kind of research the data set required is of two types: experiment set and test 

set. Experiment (training) data is used to identify class representatives, and test data to 

evaluate the performance of the prototype developed. 

For both training and testing purpose, the data having the cun-ent classification code 

are considered. As a result, eight month data is taken for training and the latest four 

month data is taken as test data. 

1.6.3 Development of Amharic News Classifier (ANC) 

Automatic document classification has different steps and there are different methods 

that can be used at each step in the system development. The methods are based on 

machine learning, statistics, or natural language processing (Choi et. aI. , 1996). 

However, in this research statistical techniques are used. 

The reasons for using statistical techniques are varied. First, as described by Yang, 

(1999) statistical techniques are easier to work with. Second, because of the 

researcher's background, it is easier to use statistical concepts that do not require new 

ideas in the limited time given for the research. On the other hand, linguistic analysis, 

for example, has proved to be expensive to implement Cheng and Wu (1995). Third, 

the statistical approach has been examined and tried ever since the days of Luhn and 

produced good result (Ibid.). 
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The key terms are stemmed usmg a simple depluralization and suffix and prefix 

removal program. After identifying class representatives from the training data set, 

cosine function is used as a matching tec1mique to automatically classify the test data. 

A database of stop word list, which contains most frequently OCCUrrIng common 

Amharic words and news specific stop words was also developed. 

1.6.4 Program Development Tool 

The prototype was coded using Visual Basic programmmg language. The 

programming language was selected because: 

o The language is an object-oriented programming language which can be easily 

integrated with other applications, 

o The source code can be modified easily for further modifications, 

o The language has easy to add menus and other features like user-friendliness 

(graphical user interface), 

o The news management software (ENASoft) IS also developed usmg this 

programming language. 

1.6.5 Testing Technique 

Whatever the purpose of the classification system, the 'goodness' of the system should 

finally be measured by its performance during storage and retrieval. The prototype 

developed is tested for effectiveness using the test data set. The result, which is 

automatically assigned code, is checked with the result of a code given by a human 
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(expeli) classifier, and the percentage of correct assignments by the system was taken 

to decide the systems effectiveness. 

1.7 SCOPE AND LIMITATION OF THE STUDY 

The system developed did not entertain classification of English news items. Another 

similar research should be done to investigate the integration of automatic 

classification of English news items to the present system. 

There is an Amharic stemmer developed by Nega (Abiyot, 2000). However, the 

researcher could not get the stemmer to create stemmed words (terms) for class and 

document representatives. The list of terms (words) would decrease a lot if a complete 

stemming program were used. 

Tn addition, due to time constraint, the correctness of the existing classes (manual) was 

not checked using the principles they base. Nevertheless, the validation of codes that 

was given to documents in the sample in relation to the existing chosen classes ~\:v~re 

done by an expert from ENA. 

1.8 ORGANIZATION OF THE THESIS 

This thesis is divided into five chapters. The first chapter is introductory, in which the 

environment of the research is described. The chapter also presents statement of the 

problem, objective of the study and the methods followed. In chapter two the 

techniques available in the area of automatic classification are reviewed, and the 

techniques followed in this research are described in detail as well. 
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As the research is done on Amharic text documents, chapter three reviewed language 

aspects that should be considered in the development of text analys is. In addition, the 

classification scheme implemented at ENA is also reviewed in this chapter. 

Chapter four discusses the development process, which is the main concern of the 

research, in detail. The approaches followed in each step are explained. The result 

achieved in the research is also presented in this chapter. The conclusions drawn from 

the study and the recommendations are stated in chapter five. 
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CHAPTER TWO 

AUTOMATIC CLASSIFICATION 

2.1 INTRODUCTION 

Ever since the advent of computers, the idea of making computers to mimic human 

beings was the focus of many researches. Natural language processing, voice 

recognition and automatic classification are just to list few attempts in this line. This 

chapter tries to explore concepts behind automatic classification. 

The chapter also discusses the basic steps of automatic classification. A review of the 

different approaches towards automatic classification is also made. 

2.2 VIEWS REGARDING THE MEANING OF AUTOMATIC 

CLASSIFICATION 

In the area of automatic classification, there are two different views towards the 

meaning of automatic classification. 

The first view considers automatic classification as a technique of classifying 

documents automatically without having any prior knowledge of the categories where 

the documents would be classified. According to this view, the classifi cation process is 

expected to create the classes (categories) based on the similarity that exist among the 

documents. In fact, this view is often refelTed as cluster analys is. Basically, cluster 

analys is is the identification of classes, and as described by Wi llet (1988), it is 

potentially misleading to refer cluster analysis as automatic classification. 
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The other vIew considers automatic classification as a process of classifying 

documents automatically into their predefined classes. Actually, this is the correct 

view of automatic classification (Rasmussen, 1992), for the meaning of classification 

itself is putting documents into defined categories. This concept is also referred as text 

categorization. Most of the documents reviewed in this thesis use this name to refer to 

automatic classification. 

This thesis follows the second vIew of automatic classification, with the aIm of 

developing a system that will classify documents (news items written III Amharic 

language) automatically into already predefined classes. 

2.3 APPROACHES TO AUTOMATIC CLASSIFICATION 

Automatic classification is concerned with the construction of a procedure that will be 

applied to continuous sequences of cases, in which each new case must be assigned to 

one of a set of predefined classes on the basis of observed attributes or features 

(Michie et a!., 1994). 

Solutions to the problem of automatic classification are done uSlllg different 

techniques. The techniques employed include machine learning, statistical, 

knowledge-based, Natural Language Processing (NLP) or a combination of them (Aas 

and Eikvil, 1990). May (1997) even tried to develop a solution using simple string 

matching technique. 

As discussed in the first chapter of thi s thesis , since statistical techniques are chosen to 

develop an automatic classification system for Amharic news items, much emphasis is 

given in this chapter to these tecimiques. However, detail explanations on the other 
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techniques can be reviewed from the following references . Michie et al. (1994), Losee 

and Hass (1995) and Cohen and Singer (1998) discuss the use of natural language 

processing techniques to automatic classification; Lin et al. (n.d.) and Ruiz and 

Srinivasan (1998) discuss the use of machine-learning approach, specifically neural 

network method; Cahn and Herr (1977) and Pullock (1988) describe knowledge-based 

techniques to implement automatic classification and Blosseville (1992) explains how 

to do automatic classification by merging NLP, statistical and expert system 

techniques. 

2.4 BASIC CONCEPTS IN AUTOMATIC CLASSIFICATION 

Automatic classification attempts to select the correct predefined class based on the 

characteristics of a document to be classified and the characteristics of the documents 

previously assigned to each class. In other words, the process involves training 

systems to recognize characteristics of documents belonging to a particular 

classification group. 

It is obvious that the goal of any classification process is to group similar documents 

together. This implies, the procedure of classifying documents into groups require a 

quantitative measure of the "likeness" of the document for a given class, and the 

separation of unlike ones. In other words, it involves measunng similarity of a 

document with the different classes. 

Whenever we talk of similarity of items, we are talking of their similari ty in some 

respect (usually with their attlibutes) . The attributes can be anything that characterizes 

the bases of the classes for the purpose of the classification process. For example, size 
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could be one attribute to classify various dwellings as villas, bungalows etc. On the 

other hand, capacity could be used as an attribute to class ify different sized cans. 

Therefore, the first thing in the process of automatic classification is to identify the 

attributes of documents and classes so that the matching of the two becomes simple or 

at l~ast possible. 

When, it comes to documents, for a document to be classified under a given class, it 

must be ascertained that its subject matter relates to the area of discourse. This 

actually seems simple for a human being. The question is whether it is possible to 

prograf\l the computer to determine the content of a document and categories, and 

classify it accordingly. The process of understanding content of documents is often 

termed as document analysis. 

In fact, representing documents for the purpose of classification is the first and 

important step in the process of automatic classification. In other words, documents 

must be represented through features6 and the features will be used to detelmine the 

similarity of documents with the different classes. Similarly, the classes should also be 

represented in order to be able to evaluate their similarity with documents. Once the 

classes and documents are represented, then a matching technique can be applied to 

detemline the similarity between documents and classes to identify the most similar 

class to a given document. 

In general, automatic classification IS the process of matching document 

representatives with class representatives to automatically assign classification codes 

6 Features are words and/or phrases that represent documents . 
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to documents based on the similarity that exist between documents and classes. The 

codes assigned to a document should be the code of a class that has the maximum 

similarity value with the given document. The following section discusses the steps 

followed in automatic classification. 

2.5 STEPS IN AUTOMATIC CLASSIFICATION 

2.5.1 Document Analysis 

Document (text) analysis is the process of analyzing the text of a document to find 

meaning out of it. As discussed by Cheng and Wu (1995) classification requires text 

analysis, which is heavily dependent on the representation of the document. In fact, 

document analysis is very important especially when there are a huge number of 

electronic documents. The reason is, manipulating this huge collection for whatever 

purpose will be very difficult in terms of storage space and processing time. 

Salton (1989) has classified three methods of text analysis, namely statistical, 

linguistic, and statistical linguistic. However, most researches have shown that 

linguistic analysis is very expensive to implement and the results obtained are also 

generally unsatisfactory (Cheng and Wu, 1995). Likewise, Artificial Intelligence (AI) 

based NLP techniques are also computationally intensive (Lin, n.d. ). On the other 

hand, statistical analysis including statistical-linguistic analysis, has been examined 

and tried ever since the days of Luhn, and fou nd to be successful (Cheng and Wu, 

1995). 

Generally speaking, text analysis is the analysis of documents to find efficient 

document representatives for the purpose of storage and retrieval, which is also called 
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indexing. The purpose of indexing is to obtain a number of descriptors, which act as 

surrogates for the document. This means, given a written text in natural language, it is 

essential to represent the information contained in the text by one or more entries, 

variously known as indexes, keywords, or key terms. In fact, the classic models in IR 

consider that each document is described by a set of representative index terms. These 

descriptors, or keywords, can be obtained manually or automatically by computer 

analysis of the document file, abstract or text. The problem is to choose "good" terms, 

which collectively reflect the information content as accurately as possible. 

The representation can be by analyzing the whole document or only part of the 

document. For instance, Losee and Haas (1995) have tried to use the titles of the 

documents for representation purpose while Kwok (1975) used title and cited titles to 

represent documents. On the other hand, Enser (1985) used hack of book indexes to 

classify books. In fact, as discussed by Enser (1985) documents can be suitably 

classified by examining only limited portions of the document, which can save 

considerable time and money. Therefore, the first step in document analysis is 

deciding on the representation of documents. 

2.5.1.1. Document representation. 

From the outset, documents can be considered as a stream of characters. However, for 

the problem of automatic classification these streams should be transformed into 

representatives, which are suitable for the process of classification. 

As suggested by researchers in the IR community, words seem to be good features for 

many classification tasks . This means, the representation of documents can be 
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simplified from stream of characters to sequences of words. Inaddition, it is also 

mentioned that, the order of the words does not matter. This means documents can be 

seen as a bag of words. 

On the other hand, documents can be represented using word-based and/or phrase­

based indexing. But Lewis (1 992b ) showed that lower effectiveness level is achieved 

for a syntactic phrase indexing than for word-based indexing on text categorization 

tasks. In addition a phrase-based indexing requires some linguistic knowledge. 

Because of this, word-based indexing is considered in this research. 

The basic idea behind word-based representation (also called bag of word 

representation) is that a document that describes a certain concept is more likely to 

have words from that domain. In other words, a document about "crime" will have the 

word "crime" or its synonyms in it. And a document that contains the words "boys", 

"girls", "teachers" "schools", "reading" etc. probably deals with education . 

This technique is the main, if not the only technique used to represent documents in 

most experiments and applications of automatic classification (Scott and Marwin, 

1998). 

The problem, however is that all of the words in the documents cannot be considered 

as features of documents. Rather only the good descriptors should be taken to 

minimize the problem of storage and computation time mentioned in the previolls 

section. In fact, in the field of text categirization , it has been seen that maximum 

performance is often not achieved by using all available features, rather by using only 
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a "good" subset of those (Joachim, 1996). The problem of finding these "good" subset 

features is called feature selection. 

Having too few features can make it impossible to develop a good system, but having 

features that do not help to discriminate between classes also adds noise. The 

following section reviews the different techniques followed by researchers to identify 

document features for the purpose of automatic classification. 

2.5.2. Feature Selection 

Any classification technique should first process a document or part of it, or its 

surrogates to identify "good" representatives of documents. The first step III 

identifying the features (which can be words or phrases) is parsing the document to 

convert it to list of words or phrases. The selection of features can be taken freely from 

the text, or just from part of the text. 

There are different techniques of feature selection. But, statistical techniques to feature 

selection are widely used in the area of automatic classification. Statistical techniques 

to text analysis and feature selection are based on term frequenc/. The pioneering 

work of Luhn showed statistical analysis of the words in a document will provide 

some clues as to its content. The idea behind this principle is, a term that is frequently 

present in a document is useful to represent the document. The problem, however, is 

how frequent should a term be found in a document to be accepted as an index term. 

On the other hand, the selection of words can also be made from words making the 

text or by consulting a dictionary or thesautus file. Though it seems simple to 

7 Term frequency is the number of times a teml occurs in a g iven document. 
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impliment, no noun dictionary is developed for Amharic text, and as a result this 

method cannot be used in this study. 

One technique proposed by Luhn says both high-frequency words and rare-frequency 

words are unlikely to be able to represent documents and should not be considered 

(Cheng and Wu, 1995). The former are discarded because they occur too often to 

indicate the subject matter and the later because they are too rare. Therefore, the 

remaining intermediate frequency telms are assumed important. 

It has also been proved that, grammatical function words such as "the", "and", "oP' and 

"to" exhibit approximately equal frequencies of occurrence in all the document 

collection and should not be considered in the selection process. The indexing 

technique, therefore, should consider frequency of the content bearing words only. The 

frequency of occurrence of non function words8 may actually be used to indicate term 

importance for content representation. 

There are also other techniques discussed for the selection of index terms. Pao (1989), 

for instance, described three methods of selecting index terms. The first method she 

suggested is to take the top 5% of the words frequently occurring in the word list of 

the document. The second is to take words appearing at least twice within the same 

paragraph after removing stop words. The third method, which involves the 

knowledge of normal word frequency usage of each word in a given language, is to 

take a word if its relative frequency exceeds that found in the normal usage of the term 

in the given language. 

8 Non function words are terms that relate to the subject of a given document. 
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Salton (1989), on the other hand, suggested an index extraction method that can be 

done using the following three steps:-

1. Eliminate common function words from the document by consulting a special 

dictionary, called negative dictionary or stop word list, which contains a list of high 

frequency words. 

2. Compute the term frequency ifij for all remaining terms t j in each document d;, 

specifying the number of occurrences of t j in d;. 

3. Choose a threshold frequency T, and assign to each document d; all terms tJor 

which if .. >T. 
lj 

The main task in the above procedure is to find the threshold frequency value that 

actually affects significantly the result of the classification. A slightly low threshold 

will lead to close classification, while a high threshold will lead to a broad 

classification9 (Cheng and Wu, 1995). 

In fact, a high frequency term is acceptable for indexing purpose only if its occurrence 

frequency is not equally high in all the documents of a collection. That is , it must have 

a discrimination power between documents (classes, in our case). This implies, some 

terms are more important than others or have high discrimination power than others. 

9 Close class ification is classifying each subject as completely or as fully as poss ib le, and Broad classification is 
classifying the material only in main divisions and subdivisions without using the minute breakdown of 
individual categories. 
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Salton (1989) suggests a formula to evaluate a term di scriminating power by an 

inverse function. That is, in a collection of N documents, if a term Tj occurs in df; 

documents , then the discrimination value of the term is N/df;. 

In other words, even after we identifi ed the index terms, not all the tern1S are equally 

important for classification. Some are more imp0l1ant than others or have high 

discrimination value. The technique of assigning importance value for terms is term 

weighting. In IR weighting is done to rank results for a given query. 

Term weighting assigns indications of imp0l1ance to terms. Weighting also helps to 

avoid false matches (Ardo and Trougott, 1997). As a basic step in automatic 

classification, the following section reviews the term weighting techniques used by the 

research community. 

2.5.3 Term Weighting 

As mentioned earlier term weighting assigns values to terms that indicate their level of 

importance. Di fferent techniques can be used to assign weight to terms. Some used 

frequency of each term as weighting technique (Hoch, 1994; Borko and Bernick, 

1963). 

Other techniques include, giving weight to terms according to the occurrence of the 

term in a pal1icular pal1 of the document. In this regard, Choi et al. (1 996) used a 

weighting technique that assigns highest weight for telms from the document titles. 

Jones (1986), on the other hand, proposes the following formula as an appropriate 

mechanism for computing the weight ofa telm in a document. 
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T W
· h ' Frequency in the document elm elg tmg = ----'----=-,----------

Frequency in all documents 

In general, Asa and Eikvil (1990) review the above and other weighting techniques 

used by the research community. The tfXidf is one among the weighting techniques 

reviewed. Since it is acclaimed for its good results, it is wOlih considering this 

technique here. In fact, Salton (1989) is the one who proposes this weighting 

technique. In tfxidfweighting, tfis used to refer the within document frequency and idf 

is the inverse document frequency. 

This weighting technique assigns a weight to word i in document k in proportion to the 

number of occurrence of the word in the document, and in inverse proportion to the 

number of documents in the collection for which the word occurs at least once. In 

other words, the idea behind idf is to assign higher weight of importance to terms 

occurring in only a few documents. 

Accordingly, the formula to compute the weight of word i in document k is given by: 

G;k = / ;k *IOg(:'), .......................................... ........ .... (2.1) 

where /;k is the frequency of word i in document k, 

N is number of documents in the collection, and 

n is total number of times word i occurs in the collection (i.e. the number of 

documents in which term i occurs at least once). 
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In general, a higher weight assigned for a feature impli es that the feature IS more 

important for the classification process. 

Once terms are gIven weight in the above manner, then the representation of 

documents will be not with a simple list of terms that was proposed in the previous 

sections, rather it will be with a weighted list. As a result, a document D can be 

represented with index terms and their weight as Di = (td Wd ,t ;, W", .. ·,t ;" W) 

Where Di -document i, 

t .. - descriptor) in the document D j , and 
lj 

W .. - weight of descriptor t .. · 
Y lj 

The above model, suggested by Salton (1989), is known as vector space model. The 

model, however, has one major problem, which is the high dimensionality of the 

feature space. In this model, there exists one dimension for each unique word found in 

the collection of documents , and processing will be extremely costly. For this 

purpose, many researches designed a mechanism for reducing this feature dimension . 

Details on these techniques can be obtained in (Han et aI., 1999; Kar and White, 1978; 

and Borko and Bernick, 1963). 

Actually, feature reduction should be done intelligently. In other words, if we become 

too aggressive in reducing the number of words, then we might loose critical 

information for the classification tasks (Han et aI. , \ 999) . 
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In vector space model we have a matrix developed from the collection of documents. 

The rows represent the documents, while the columns represent the terms. The entries 

of the matrix represent the weight of a word in a given document. Therefore, a 

document A is represented as: 

A = (a,,) ............................................................................ (2 .2) 

where a" is the weight of word i in document k. 

Once documents are represented uSlllg the above method, classes can also be 

represented easily and the process of automatic classification will become simple. 

2.5.4 Representing Classes 

As discussed before, for the machine to be able to classify documents automatically, it 

should understand the characteristics of the different predefined classes. Therefore, in 

a similar manner to document representation, classes should be represented using 

terms so that matching of a new document with existing classes is possible. 

This is usually done by having a labeled training document set for each class. In fact, 

experimental learning systems often gain knowledge from one set of data (usually 

referred as training set) and then use this knowledge to process another set of data 

(referred as test set). They may also learn from an entire set and then classify the set 

again (Losee and Haas, 1995). 

After each document is represented using the teclmique mentioned in the previous 

section, the terms identified from the training documents are used to create the class 

representatives. The most common way of representing classes is using a class vector, 
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also called centroid vector. It is obtained by summing or averaging the weights of the 

various vectors of the training documents in each class. That is , in a set S of 

documents and their corresponding vector representations, we define the centroid 

vector C, which is nothing more than the vector obtained by averaging the weights of 

- -the various terms present in the documents of S. In general , C appears as C = (CI> C2, 

... , Cn), where the it" element of the centroid, C j , can simply be assigned the average 

value of the weights of the it" term in all the training set S, as: 

- 1 N _ 

C; . =-Id,;, .. ... ............................. .. ... ...... .. .. .... ....... ... (2 .3) 
N k= t 

Where N is the number of documents in the set S, and ak; is the weight of term i 

in document k. 

Once the centroid vectors are identified then it can be possible to classify an incoming 

new document, using similarity measures between the document and the classes. 

2.5.5 Matching (Similarity) Technique 

The matching step is the final step in the automatic classification process. Once all the 

classes are represented through centroid vectors, the system can classify new 

documents by matching the document vector with the cenh'oid vector of each class. 

The document is then routed to the most similar class. In other words, the similarity 

between the document vector and the class vectors is computed to determine the class 

where the document belongs. 
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In the literature different simi larity teclmiques are suggested, however, the most 

common is cosine measure (Han et aI., 1999). 

In another research, Cheng and Wu (1995) present the different similarity techniques 

in the area of automatic classification, including cosine coefficient. Because of their 

popularity and effectiveness, cosine and dot product are described below. 

2.5.5.1. Weighted cosine similarity measure. 

This similarity technique is based on the mathematical cosine rule, which measure the 

angle between two vectors to identify the proximity of the vectors in vector space. The 

formula defined for weighted cosine measure between document X and Y with their 

weight vector Wand a set of terms T is the following (Han et aI. , 1999): 

Where X, and Y, are term frequencies of word t for X and Y respectively, and W, is the 

weight of word t. 

The smaller the angle, the larger the cosine. So, classifiers based on this technique 

assign a document to the class which has the smallest angle between its vector and a 

given centroid vector. Therefore, the formula to assign class code for a document 

whose vector is represented, say by vector x is given by: 

arg max (cos(x, c)) ... " .. " ........ .... .... .... .. .......... .. .. .. .. .. .. ......... (2. 5) 
)= 1. 2 .. ,,,k 

where, k represents the number of classes and Cj is the centroid vector of class j. 

33 



2.5.5.2. Dice coefficient. 

In this technique, the formula to measure the similarity between document OJ, and 

centroid vector Cj is given by 

2L,W;,xC j ,) 

L,D:, + L,C~, 

If binary terms weights are used, the Dice coefficient reduces to its popular form, 

which is, 

2C 

A+B 

Where C is the number of terms that OJ and Cj have in common, and A and B are the 

number of terms in OJ and Cj respectively. 
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CHAPTER THREE 

AMHARIC NEWS CLASSIFICATION 

3.1 INTRODUCTION 

In a system where there is large collection of documents, retrieval of a given document 

or sets of documents can be possible if the collection is organized systematically. The 

most common document organization method used in most information systems is 

classification. This chapter, therefore, discusses the principles of news classification 

in general, and Amharic news classification scheme in particular. 

As Amharic is the official language of Ethiopia, ENA has implemented the news 

classification scheme in Amharic. In fact, it also developed English classification code 

for news items produced in English. The thesis, however, looks into the Amharic 

classification scheme. 

The Amhat1c language faces some problems regarding its script that must be 

considered in the development of automatic text processing systems, automatic 

classification being one of them. Therefore, th is is also another issue that is discussed 

in this chapter. 

3.2 NEWS CLASSIFICATION 

3.2.1 General 

Because of the nature of ClllTent affairs, the media do not have to seek news; rather it 

alTives unsolicited in huge quantities. Official bodies and government, different 

35 



organizations and committees, political parties and pressure groups, all compete for 

attention, which then becomes good news. 

However, as Whatmore (1978) says, the medias are not content merely to publish the 

news that flows in unasked. They are expected to uncover the news, to ask questions, 

to find out facts, not to accept easily, and finally to write what they find in the format 

accepted by their own medium. 

Because of this, one can consider news agencIes as news factories, where the raw 

material is received, processed and passed as a finished product. The processing 

includes selecting, assembling, adjusting, adding background, checking facts, and 

correcting. 

To accomplish most of the above-mentioned tasks, journalists have to investigate 

previous news items. In fact, the retrieval of stored news in this regard is very frequent 

and urgent. As a result, journalists must be assisted by news libraries. The job of 

these libraries is to develop an efficient information system for the purpose of storage 

and retrieval. This shows the demand for classification, which is the most common 

technique in the organization of information for efficient retrieval. Actually, news 

libraries use classification as a main technique to organize the huge quantity of their 

news stock. 

As Whatmore (1978) says, this organization or correct grouping of subj ect allocation 

is central to all activities of news libraries. Continuing his explanation, he added, "if it 

fails, the service fails because, unlike libraries of books, news libraries' stock does not 

arrive in prepackaged format". 
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3.2.2 General Principle of News Classification 

As news falls out-of-date faster than any other kind of information, a classification 

scheme with response time ranging from 'at once' to a few minutes is expected. As 

discussed above, the main requirement of the classification scheme is to provide 

sufficient background information on any topic. However, the classification of news 

material is so difficult because the librarian tries to organize current information while 

it is still in a fluid state before its structure and underlying trends become apparent 

(Whatmore, 1973). 

On the other hand, the theoretical classifications and hierarchies for subjects in their 

academic aspects are of little use when they appear as current affairs (Ibid.). Current 

affairs, by its nature, is a developing group of topics, subject to no structure, uncertain 

where it is going, leading in several directions simultaneously and consequently, of no 

shape, possessing no natural hierarchy, with no agreed temlinology. In other words, 

news classification is not the science of absolutes but an art (Ibid.). As a result, every 

newspaper agency produces its own classification schemes. 

Actually, Whatmore (1973 and 1978) has suggested the things that should be 

considered when developing a news classification scheme; some of them are discussed 

below. 

As new events and ideas are covered through current affairs every time, the 

classification scheme must be hospitable to new aspects and angles. The classification 

must also reflect the way news is presented in the newspapers. In other word, it should 

have the fOlm which inquiries are most likely to take. 
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Like other classification schemes, the aITangement must be easy to remember, 

minimizing the need to look-up before locating. In fact, "headings of classes should 

employ the same word as appear in the news" (Whatmore, 1973:2 11). They should 

also be precise and say exactly what they mean. On the other hand, the classification 

system should have the effect of excluding irrelevant matters. 

In relation to specificity and exhaustivity, his suggestion is that the smaller the library, 

the more specifi c and direct the headings should be. As the collection grows, 

however, and element of class ification will become essential, no other ground than 

convenience of access should be taken. In general, Whatmore has listed the 

guidelines, which he refen'ed as "canons of class ification" (Whatmore, 1978:52). 

In reality, good classification is the application of judgment, fo resight, knowledge and 

experience, all within the framework. In other words, the classifier should use 

imagination to anticipate demand and try to cater for the unexpected and ideally will 

have a fil e ready on any topic asked for. Having this in mind, ENA has produced its 

own classification scheme. 

3.3 NEWS CLASSIFICATION SCHEME AT ENA 

3.3.1 General 

As discussed in the first chapter, ENA is the fi rst news agency, which has been 

covering local stories in the various parts of the country for half a century. In its long 

history, ENA has been using technologies of the time to produce and store news items. 
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The Agency was using teleprinter and stencil to prepare and store news items for long 

time. During this time, ENA was organizing the news items (stencils, for example) by 

region. The aim was only to find out how many news items produced in each region. 

No classification technique, which considers the subject of news items, was utilized. 

However, recently the need for a better classification scheme was felt and a new 

classification scheme is implemented, in parallel with the computerization project. 

3.3.2 The Amharic News Classificatioll Scheme 

The agency produced the new classification scheme based on Reuter and AFP's 

classification scheme. However, as the interviewees 10 say, the two known news 

agencies utilized a scheme that is prepared for international purpose, which is a 

detailed one. As a result, the agency prepared a somewhat summarized scheme, which 

is expected to suit the national demand. The classification scheme was revised two 

times. The first proposed scheme had only four main classes, and it has been in use 

only for about a year (in the year 1991 E.C.). 

The revised classification scheme has hierarchical nature, having two levels. There are 

seventeen main (parent) classes and all in all three hundred subclasses. Though it is 

not explicitly defined, some of the subclasses have some hierarchical nature, and could 

be finiher sub classified. 

For example, under the main class mS'I' Chea' in English to mean health) , there are 

27 subclasses, which can be put under three categories (,),11)-, - 'ts' or treatment 

services, m'!'O? - ' moh ' or Ministry of Health, and (flH' - ' dis' or diseases). 

10 Ato Simeneh. and Ate Sileshi , both committee members. 
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Similarly, under the main class '}ovn ('ph ' - public holiday), there are 17 subclasses, 

which can be put under 2 subheadings, one containing 3 and the other 14 subheadings 

respectively. In fact, there are also classes, which do not have any trend to further 

subdivide. Examples of such class include, '}'}PJ - ('ir' - international relations) and 

'''nY.. - (' sose' - social security). 

The number of subclasses in each main class is not uniform. There are main classes 

with three subclasses, and also with a longer list, 79 subclasses. The following table 

summarizes the classification scheme according to the number of subclasses. A 

detailed list of the classification scheme is attached in Annex 2. 

Main Class 

No Code Description No. of subclasses 

mC,'1' (hea) filS 'J'flJ' (health) 
27 

[ 

'}.mfl (ph) '}ov:r'p' fl,}~"" (public holidays) 
17 

2 

'}t\9"j",'" "rn, ~.y.'·l' (international 

%"' (ir) relations) 
10 

3 

"~'H', (sose) "~')fl(,·q! y.'n)·)' (social security) 
5 

4 

'lUll (cui) 'lUA (culture) 
19 

5 

'n;rll (na) 'fl'/bt·"! " 'M:!] (national politics) 
21 

6 

"".} (saj) "CY;'; ,,·}u (sentence and justice) 
12 

7 

1fll/, (nm) f'lfl.f liS (market news) 
23 

8 

ovhll (das) "nMh,l''; lI'/':),(defense and security) 
12 

9 

"i.e'}f1'i ·t h ';'I1 .. ;'>:, (science and 

v/,th (sat) technology) 
5 

[0 

m:"A (od) fIl'H~ A'''/ '} (overall development) 
7 

[ [ 
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Mai n Class 

No Code Description No. of subclasses 

I'I?'C (spo) I'In;·l· (sport) 
23 

12 

·l·y"u (edu) ·1,y"uc·1· (education) 
20 

13 

t.y. (eco) t.,II<."1. (economy) 
79 

14 

Mo'.I" (ace) M'.:J9':)'- (accidents) 
11 

15 

Mll (we) rMC lI'l,e (weather condition) 
3 

16 

Table 3.1 Mam Classes of Amhanc News ClassIficatIOn Scheme 

As the classification is a first trial, it has some problems. For example, the main class 

hh 1 does not show subject; rather it shows nature of news items. That is, the headings 

of subclasses under this class are not based on subject analysis. For example, there is a 

heading with code ',"If: (blocked news) that can apply for any type of news (political 

or economic), not for a specific news type. However, there is also one subclass under 

this class that shows some concept, which is ",0 - ' news about deceased personalities' . 

Because of this, this class is not included in table 3.1 above. 

Since the structure of documents help to decide which part to take in the process of 

automatic classification, the following section discusses the structure of Amharic news 

items. 

3.4 AMHARIC NEWS STRUCTURE 

The structure of ENA's news item is assumed to hold four parts, namely, a header, 

headline, lead paragraph, and body (ENA, \993a) . 
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3.4.1 Header 

Every news item should have a header, which consists of: 

o Classification code. 

o Slug: - which is a general identification of subject in the form of a generic 

master slug, which may be fo llowed by a slug specific to that story, e.g. 

Somalia - summit - Menawi. A slug is no substitute for a headline. 

o Author's name. 

o Dateline: - gives date and place of story's origin and agency's acronym. 

3.4.2 Headline 

Headline should give the content of a story in a few crisp words to catch the reader's 

interest. It does not exceed one line. 

3.4.3 Lead 

The lead is the opening paragraph. A lead would contain no more than 30 words. The 

lead captures the essence of a situation event clearly, and if possible, dramatically. 

3.4.4 Body 

Body also called catchall paragraphs elaborate on the lead and provides any necessary 

details. There can be at least six paragraphs in the body. 

In fact , evelY part is there to elaborate the information contained in the news item and 

as such they may contain similar words (phrases) . 
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It would be easier to process the headline, lead, or a combination of both in order to 

classify news items automatically. However, most of the news items at ENA 

(particularly Amharic news items) do not follow the above structure. For example, 2 14 

news items do not have headline, 315 do not have slug, and 443 do not have keyword. 

The followin g table summarizes the structure of Amharic news items produced in the 

last two years. 

Number of news with 

Code No. of news Headline Keyword Slug 

m."',,' 788 762 770 761 

'}u"O 142 142 141 140 

'}~,"I 299 288 280 271 

1''1'"1 J!.. 1546 1421 1278 1400 

'lUll 145 140 135 135 

'O,TII 674 665 638 652 

fi:~'l' 488 487 482 481 

1011, 157 157 156 156 

""h)l, 70 70 70 70 

,,(,th 90 88 84 84 

(f\'J>(.\ 332 330 324 323 

il7'C 340 332 327 328 

'l-\I"u 454 452 435 441 

1'1.111; 1084 1063 1050 1054 

hJ?9' 271 270 268 270 

Mll 24 23 23 23 

Table 3.2 Structure of AmharIc News Items 

On the other hand, from the 11 ,484 Amharic news items, 2,868 news items are stored 

along with the classification codes that the agency was lIs ing before refining the 
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classification scheme and 1,712 news items do not have classification code. The news 

items in the above table 3.2 are those news items with the new classification code. 

After having a detailed review of the news items, it was found out that some language 

processing aspects should be made to assist the statistical techniques in order to come 

up with a "good" classifier. In fact, as the classification scheme is also implemented in 

Amharic, it is necessary to discuss issues related to Amharic Language and its scripts. 

The following section discusses these issues. 

3.5 THE AMHARIC WRITING SYSTEM 

3.5.1 The Amharic Characters 

As mentioned previously, Amharic is the official language of Ethiopia. The present 

writing system of Amharic is taken from Ge'ez alphabet, which was the language of 

literature in Ethiopia in the early time. The Amharic writing system consists of a core 

of 33 characters each of which occurs in a basic form and in six other forms known as 

orders. Each graphic symbol represents a consonant together with its vowel. The 

vocalic symbol cannot be detached from the consonant element. That is, Amharic does 

not use independent symbols for vowels. In other words, as Leslau (1965) discusses, 

the Amharic script is a syllabic rather than an alphabet. 

The seven orders represent the different forms of a consonant. Each form is made in 

accordance with the sound that goes with the symbol. The non-basic forms are derived 

from the basic forms by more-or-less regular modifications. For example, lIsing the 

consonants () (ha), (. (la) and un (rna) the orders are; 
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IJ IJ· 'I. 

hii hu hi 

fI fl· fl. 

la lu 1i 

flU flU. 0'1. 

rna mu ml 

'I 

ha 

" 
la 

rna 

he 

I'b 

Ie 

me 

u 

h 

A 

m 

7''' 

If 

ho 

fI-

10 

,/" 

mo 

In addition to these, there are four so - called labio- vellars, which have five orders 

(e.g. <k. ",~ ''''. * "1.), and eighteen additional labialized consonants (e.g. ';\. ":1. ~ 

.,. ... ) . The language has also its own numeral symbols (without a symbol for 0), but 

not mostly used except for writing dates. A listing of the whole Amharic character set, 

also called fidel (&,.I-'.A) is attached in Annex 3. 

The Amharic alphabet, all in all has around 290 letters. The alphabet does not have 

any distinction between capital and lower case letters. 

3.5.2 Punctuation Marks 

The individual words in a sentence are separated by two dots':', although this practice 

is not exercised especially in type-written texts. The end of a sentence is marked by a 

square-formed four dots ' ::'. The symbol ': ' represents a comma, while ';' 

corresponded to a semicolon. Apart from this, the language has borrowed some 

punctuation marks from foreign languages. For example, '!' and '7' are used in the 

language, which are borrowed from foreign languages . 
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Though not used by the general public, there are about 17 punctuation marks (Beletu, 

1982). In fact, existing Amharic software do not also implement some of them. 

3.5.3 Problems III The Amharic Writing System 

There are many problems observed regarding the writing system of Amharic language. 

Some of them are summarized below. 

3.5.3.1. Problems regarding consonants with different form 

As discussed above, Amharic borrowed most of its scripts from Geez. However, it did 

not select from Geez alphabet those symbols that are only necessary for its consonants. 

As a result, there are certain phonemes with different symbols, where they have 

meaning in Geez, but their meaning is not known in Amharic. The following table 

shows the list of consonants that have different forms. 

Consonant Other forms of the Consonant 

() (ha) ,h and '~ 

lP (sa) ... 

" (a) 0 

l'. (tsa) 0 

Table 3.3 Amhanc Alphabets with Different FOims 

The pronunciation of these paired characters is the same and each of them has their 

own orders. 

The di stinction between these symbols in Geez is when spelling certain words, 

however there is no ru Ie as for their usage in Amharic language, and as Getachew 

(1967) says, the proper use of these symbols is not studied exhaustively and also there 

is no standard dictionary to refer to. Therefore , it is not clear whether one should write 
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"hayl" (power) as Vf.A , rhf.A or ·~ .eA, also "tsahay" (sun) as IJrhf. or fuhf. . As a 

result there arises some confusion and inconsistencies in Amharic spelling, and these 

redundant consonants are assumed surplus. 

3.5.3.2. Problems related to certain interchangeably used orders 

In a similar research, Beletu (1982) mentions the confusion regarding the first order 

and the fOlllih order of some consonants. For instance, it is not clear which one to 

choose V (as Vf./\-) or '/ (as '/ f.fI·) to spell 'Haylu ' - name of a person. As a result, 

one can find the same word "Haylu", spelled differently in six forms, which are Vf.fI·, 

'/ f.1\ ., rhf.fI·, "1f./\-, '~f.fI· , and ;)f.fI· . Similarly, "eye" can have three forms, which 

are Of.1, '}f.1, and ~\f.1, with pronunciation "ayn". 

It has also been found that the second order of the consonant w, which is w" and its 

sixth order, which is W· are interchangeably used and there is no consistency. Because 

of this, one can find the word 'dog' spelled as w.i'i and W·i'!' ("wsha" and "wusha" 

respectively) . 

3.5.3.3. Problem regarding compound words 

In another research, Bender and Ferguson (1964) has mentioned another problem 

regarding the division of compound words. For example, it is not clear which one, 

wT(Vl' "wat'bet" or WT CL-r "wat' bet" is the correct spelling for ' kitchen ' . They 

also mentioned another problem of the writing system, which has something to do with 

regularizing spellings and regularizing punctuation. For example, the word "samtoal" 

('he has heard') may be spelled as r'l9"'Y'};A , M";tA or M"-r'l'A . This problem 
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exists In different languages that have words of different forms of writing. For 

example, the words ' recognize' and ' recognise ' in English language are two variants 

of the same word. 

Translation from foreign words into Amharic is also another problem mentioned by 

Getachew (1967). As a result, one can find the word 'television ' translated into 

different forms, which include: ·I;l\.:{i"rn, 'I;l\.:n~·n, 'I; l\.i1.'fn. 

Therefore, any automatic Amharic text processing should consider the aforementioned 

problems. 

3.5.3.4. Problem regarding abbreviations 

As seen from documents reviewed, there is also no consistency when spelling 

abbreviations. For example, when abbreviating the phrase ,}UlJ.,' 9"U{':" (in the year 

AD), one can find ,}.9"., ,}.9" or '}9" as possible abbreviations. So these kinds of 

words should come into a common word. Similarly, the use of hyphen is also not 

consistent. 

The problems mentioned under 3.5.3.2 and 3.5.3 .3 were not considered in this research 

because of time constraint. However, the researcher assumed the statistical techniques 

would not miss the variant words created due to these problems. The reason is that, a 

journalist who used a specific variant of a word to spell the word continues to do so, 

and the classifier will identify the word because of its frequency. 
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3.6 AMHARIC STEMMER 

In the literature, there is a mention of an algorithm for Amharic stemmer developed by 

Nega (Abiyot, 2000). However, despite the effort made, the algoritlml could not be 

found. As a resu lt, a simple depluralization and suffix and prefix removal technique is 

used. 

It is obvious that nouns are most important for indexing. Therefore, review of the 

suffixes and prefixes for nouns was made and the following section discusses them, 

Some of these prefixes and suffixes can be also applied to other language parts. In 

fact, verbs are equally important index terms in the case of news items and because of 

this they are also included in the selection of index terms. 

3.6.1. SuffIXes Considered 

The plural form of a noun in Amharic is expressed by attaching the suffix 9,'·f (woch) 
• 

to singular nouns. There are also different suffixes that can be attached to nouns. The 

most common are 1, 9", and 'I (Abiyot, 2000). Their attachment is made to show 

possession ('}) , emphasis (9"), and object marker ('I). 

A noun can take one or more of these suffixes in a number of ways. The table 3.4 

below presents an example of the possible combination of suffixes to nouns created 

from 9" ,f and the above three suffixes. In general, all in all 70 suffixes are used in 

this research. They are presented in Annex 4. 
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Suffixes 
Suffix used 

Combined 

9':r· + ., 1I':1~" 

9'··j"· + 'j + c , 9':r··V; 

9"1'· + 'j + 9" 9':r·'}Y" 

9':)"- + c· • 9J :r·tj' 

II' .j. + c' • + 9" 9J:r·r,'9" 

9':r + c • + ., 9J :r·r,'·) 

9J :r· + 9" 9':r·yu 

9"'1~ + 9" + r, 9'··r'9u r,' 

Table 3.4 Example of the Possible Combination of Suffixes from '9'"f' and "}', 
'9''', and 'C;'" 

3.6.2 Prefixes Considered 

Nouns take four prefixes, which are also taken by verbs (Abiyot, 2000). These are 11, 

fI, h, 1". In addition there are two prefixes identified after reviewing the news 

documents , which are attached to verbs. They are flfI and ~,'} f.. 

3.7 AMHARIC SOFTWARE 

Since Amharic is not known in the ASCII code table, various software experts have 

tried to develop their own keyboard driver program, which converts the English 

keyboard into Amharic keyboard. Teclmically speaking, the software convert the 

default code table where each key is associated with English symbols by Amharic 

code table, so that users can use the same keyboard to write and edit Amharic letters. 

In other words, these programs associate the keyboard buttons with Amharic symbols. 

In fact, this is done at the screen level. That is, the symbols stored inside fil es are the 

associated ASCII symbols of the default code table, not the Amharic symbols. The 

software converts these symbols into associated Amharic symbols when they are read 
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from files into memory. As a result users see Amharic symbols on their screen and 

when printing. 

Ever since 1987, there have been different software developed to assist users to write 

and edit Amharic text inside the computer. Most of the software are written to work 

only with Microsoft Word. However, there are few which can work in other 

programs, one of them being Visual Geez, which currently becomes very popular. The 

software is developed by Custor Computing Pvt. Co. The software has two versions, 

VG2 and VG2000 developed for the various versions of Microsoft Office products. 

ENA is using the first version, which is VG2. 

All Amharic softWare have succeeded in helping users to enter and edit Amharic text 

inside the computer (especially for word processing purpose). However, all face some 

problems especially when they are used for database purpose. 

The problem with all Amharic software is when sorting data; the result will be 

different from what one anticipates. The problem is due to the large number of 

Amharic symbols to represent inside the computer. That is, the number of the Amharic 

characters is beyond the number of ASCII codes and the available buttons on the 

keyboard. As a result, all Amharic software implement the assignment of Amharic 

symbols (especially the non-basic forms) as two characters. For example, the fidel 

"I).", for example, is stored as two characters "u" and the diactric mark" .• "inside the 

computer. The codes assigned to the characters did not also consider their precedence 

in the language. Because of this , for example, when we SOli the data (tJ1C, 'I. "I·n, 

Ul/ll) , we will find '1. ... /11 (not tJ1C) first. Therefore, any text processing should 
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consider this as well. That is , consider these characters as two symbols, not as is seen 

outside (one). 

On the other hand, when the software implement the representation of symbols 

bOlTowed from other languages, most of them have changed the codes of these 

symbols. For example, the ASCII code for '7' (question mark) is 63 in the default code 

page. However, Visual Geez version 2.0 has implemented it by giving code 41. 

Therefore, any string searching and matching procedure should consider the codes, as 

implemented in each software, not the symbol when searching for these symbols. In 

other words, the search should not be done, for example by using "7" to search 

question mark symbol as it is done in any string searching program. 

As mentioned above, when searching for Amharic symbols we can use their equivalent 

in the default code page. For example, the code for' (h' in Visual Geez is the code for 

'/' in the default code table. This means, '(h' is stored inside files as '/'. Therefore, to 

search for' (h' one can use either its ASCII code or use "/" in the search statement. 
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CHAPTER FOUR 

DESIGN OF THE AUTOMATIC CLASSIFIER 

4.1 INTRODUCTION 

In this chapter the techniques used to develop ANC (Amharic News Classifier) that 

classifies Amharic news items into predefined classes are discussed. The 

implementation and testing of the techniques is also presented. The overall work 

presented in this chapter is based on the techniques reviewed in chapter two. The 

important aspects of Amharic language, which are discussed in chapter three and that 

should be considered in any text processing system, are also considered in the 

development process. 

The proposed system is designed using vector space model, which as discussed in 

chapter two has been reported to perform better in various researches. 

The design consideration of the system is split into two phases. The first phase is 

aimed to produce the vector table, which is a collection of the class vectors. The 

experimental group of news items was processed to derive these class vectors. 

In the second phase, the validation group of news items, which had no relation to the 

construction of the class vectors, are classified and the percentage of COlTect 

assignments is recorded. 
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In both phases document analysis was the key aspect. That is to say, after 

preprocessing, documents are analyzed and document vectors generated. The 

procedure followed in designing ANC is shown in figure 4.1 below. 

/ 
Vector of 

~ Doc. I 

Preclassified Document Vector Vector for 

news items 
Vector of Table • each class -. vector 

~ 
Doc. 2 V (experimental generator generator (Centroid 

set) Vector of vectors) 
Doc. 3 

New news Document vector 
Compute similarity 

between the document 

item (test generator • vector and class 

set) vectors 

Assign the 
document to the 

most sim ilar class 

FIgure 4.1 OvervIew Diagram of ANC 

4.2 NEWS FOR EXPERIMENTATION 

The news collection under this research comprises of one-year Amharic news items of 

three classes, namely 'ace', 'culture ', and 'eco,ll All in all the news items used in the 

experiment constitute 1,481 news items. As mentioned previously, this data set is 

divided into two groups: training set and test set. 

The training set contains the news items produced during the time Jan-AugI2000 . The 

test set includes all news items in the 3 classes produced during Sep-Dec/2000. 

II In this chapter, English codes are used for the classes that are presented in table 3.1 in parenthesis. 
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Fifty news items were randomly taken from each class to verifY the correctness of the 

manually assigned codes by j ournalists. An expert from the agency checked the class 

codes for correctness and only 15 incorrect ass ignments were identified. 

4.3 PREPROCESSING 

As described in section 1.2.2, the data set (all Amharic news items) are stored in 

different folders by the news management software. News items produced by City 

Desk are found in DocA fo lder, and that produced by Region Desk are put in DocR 

folder, both under ENASoft folder. 

As the news management software that the agency is using is new, there are files 

created erroneously and also for testing purpose stored inside the folders mentioned 

above. On the other hand, as mentioned in section 3.4 any news item should have on 

average three to five paragraphs. 

Consequently, to discover files that are erroneously created, 50 files with five or more 

paragraphs long were identified and the average size was recorded. The average size of 

these files was found to be 500 bytes excluding formatting characters and file header 

. fi . 12 
111 ormatIOn . 

In order to identi fY key terms of a palticular class, we must have the news items 

already belonging to that class, and look for the frequency of occurrences of their 

ternls. Therefore, t6 bring the news items that belong to a given class together, a 

program was written that puts them into their respective folders that are created for this 

purpose. Accordingly, all news items class ified with 'acc' class ification code were put 

12 the file size we get when we use directory li sting inc ludes file header information and formatting characters. 
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in a folder named 'acc', those with ' culture' classification code into a fo lder named 

' culture', and with 'eco' classification code into a folder named 'eco'. 

Finally, each file in these directories was read and the length was checked against this 

figure (500 bytes) and all fil es below this size are removed from the two fo lders 

(DocA and DocR). 

The data in each class is then divided into two exclusive groups : the experimental and 

test group. The number of news items in experimental and validation group of the 

three classes are presented in the following table. 

Class Number of news items in Number of news items in 

the experimental group the validation group 

Accident 210 59 

Culture 100 41 

Economy 850 22 1 

Table 4.1 Number of News Items 111 Expenmental and ValIdatIOn Group 

4.4 WORD IDENTIFICATION 

Since every news item is stored in a file with rich text format (rtf), many formatting 

characters are stored along with the text of the news inside the files. As a result, simple 

file processing technique would lead to construction of noisy data. For this purpose, 

before processing begun the data in the files is loaded into an rtf control, which can 

consume the formatting characters, and each word can be obtained without these 

characters . 
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Unlike English text, Amharic text uses';' to separate Amharic words . However, as 

mentioned previously this practice is not used much currently, especially for 

computer-based texts and instead space is used. In reality, a word is separated not only 

with space or ' ;' , but also with other delimiters identified during the development 

process. 

In general, after analyzing the documents it was found that an Amharic word can be 

identified using the following delimiters: :, ::, :, I, to , / , space, tab, carriage return and 

line feed characters. However, as discussed in section 3.7, most Amharic software that 

developed their code table, shifted the ASCII codes of most symbols borrowed from 

English, like " I" , "(", ")", " !" etc. to a different code. 

Therefore, the ASCII codes (as implemented in the software) are used for these 

symbols in the process of word identification. After analysing Amharic news items, 

the following word identification algorithm is developed and used for Amharic news 

. 13 Items . 

1. Initialize the variable to hold the word 

2. Read a character from the sentence (document) 

3. Check if the character is Amharic word delimiter 

4. If not, concatenate the character to the variable, 

13 Actually, it can be used for any Amharic text. 

57 



5. Else if the character length is above one character report the word l4 

6. Ifthere is more data to process, go to step 1 

The implementation of this algorithm IS presented in Annex 5 (Function 

GenerateWord). In fact, this function also identifies unique words and produces a 

frequency count of each word from the document supplied. 

4.5 CHECKING THE VALIDITY OF A WORD 

After the word is identified, a simple checking was done to verify whether the word 

identifed is a valid Amharic word or not. In this res each a word is considered invalid if 

it has any numeric character in it. In other word, the checking is done to verify if no 

numeric character exists inside the word. For example, the word '1'1992":' is not a 

valid Amharic word. If the word is not a valid word, it is discarded. 

4.6 CHANGING CHARACTERS TO THEIR COMMON FORM 

As mentioned in section 3.5.3.1 , some characters have different forms. There are also 

characters that have some orders that are used interchangeably. Therefore, after a word 

is identified these characters were searched and replaced to bring to common forms of 

words created with different spelling. For example, in the example given in section 

3.5.3.2, the different forms of the word 'Hailu ' , which are V,ell·, 'I.et\., ,h,ell·, and 

·~,ell· are all converted to the first form v.ell· by changing the first character of the last 

three words by its first form. 

14 There are few words with one character length. Examples include r,' or 'come' (used for 
male) , and ',. or 'come' (used for many individuals). However, they are not important to be 
taken as index telms. 

58 



In most cases, we get the non-basic orders of consonants by attaching a diactric mark 

to their first order. As a result, Amharic software mostly implement the non-basic 

orders as two characters. In fact, the diactric marks usually are the same for a given 

order of di fferent characters. That is, the diactric '.' , which is applied to V to make it 

V·, is also applied to fl to make it fl·. Similarly, the diactric '.', which is applied to ,h 

to make it ,h" is also applied to 11 to make it 11,. Therefore, when changing characters 

to common fOlm, it is only enough to change the base character. For example, to 

change ,,," to V·, we only have to change ,h to V and it will become lJ,. 

Therefore, to accomplish this task, the different forms as implemented in the software 

are analyzed and only those to be changed were identified and changed accordingly. 

To manage the task easily, one function for each character is written. Additionally, a 

change was made to some non-basic fon11s that are used interchangeably, which are 

discussed in section 3.5.3.2. The functions of the prototype are presented in Annex 5. 

Finally, as mentioned in section 3.5.3.4, the use of dot C.') and hyphen C-') is not 

uniform. Therefore, these symbols were removed from the identified words to make 

them common. 

4,7 WORD STEMMING 

The use of stemming is to reduce redundancy. For example, stemming will bring the 

different fOlms of the word OJ,j'i or 'dog' (OJ·i'j'OJ· OJ'i'j'9" OJ'i'j'') OJ'i'j'r, OJ'i'j'!p"f , , , , , 

OJ·i'j'9':f'} etc.) into their root word OJ'i'j'. 

Stemming a word is by itself one big task. And, as cited by Abiyot (2000), Nega has 

developed a stemming algorithm for Amharic language. However, despite the effort 
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made, the research could not be found. Therefore, a simple depluralization, and suffix 

and prefix stripping technique is applied to the words identified in the above process. 

The list of suffixes applied is presented in Annex 4. 

As can be seen from the discussion made in section 3.6. 1 and Annex 3, the possible 

number of suffix size (in telms of character length) is not more than five characteres 

long l5
. Therefore, the possible suffixes were stripped from each word and put in 

different variables, and the existence of the suffixes in the suffix database was checked 

starting from the longest suffix down to the shortest suffix. The procedure used to strip 

suffix from a word is as follows: 

o Check if the maximum length suffix exists in the word by stripping the right 

most five characters. That is, if the length of the word is greater than SiX I6
, then 

strip the right most five characters and check if it exist in the suffix database. If 

the suffix exists then report the word without the suffix. 

o Else, if the length of the word is greater than five, then strip the right most four 

characters and check if it exists in the suffix database. If the suffix exists then 

report the word without the suffix. 

o Else, if the length of the word is greater than four, then strip the right most four 

characters and check if it exists in the suffix database. If the suffix exists then 

report the word without the suffix. 

" In other words, the possible suffix length is between I and 5 characters long 
16 Length of the word and/or remaining string is checked in two ways. That is , if there is a diactric in the 
remaining string, the length required will be increased by one from that if a diactric is not ex ist. Therefore, the 
length required would be seven for th is casc. 
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o Else, if the length of the word is greater than four, then strip the right most four 

characters and check if it ex ists in the suffix database. If the suffix exists then 

report the word without the suffix. 

o Else, if the length of the word is greater than three, then strip the right most 

four characters and check if it exists in the suffix database. If the suffix exists 

then report the word without the suffix. 

o Else, if the length of the word is greater than two, then strip the right most four 

characters and check if it exists in the suffix database. If the suffix exists then 

report the word without the suffix. 

As mentioned in section 3.6.2, the prefixes considered in this research are: h , 0 , r, II , 

fill and ',J.P. . Prefix removal is done in two steps. One character length prefixes are 

checked fi rst and removed; and then the two other prefixes are checked. The algorithm 

developed to remove a prefix from a word is as follows: 

o If length of the word is greater than two and if the first character is h, 0 , r , and 

II , then check if the second character is not a diactric to these characters17
. 

o If it is not, then check also if there is a diactric in the remaining string (which 

will affect the length to be considered). That is, if there is a diactric in the 

remaining string the length should be greater than two; else the length should 

be greater than one. 

o If the length satisfies the requirement then strip the prefi x and report the word. 

17 The fi rst charac ter is h , n, f , fI does not necessarily mean it is a prefix. The character may be h·, n·, fl·, ~ etc. 

In other words, the 2nd character determines whether the first character is a prefix or not. 
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The same technique is applied for prefixes' flt\ ' and ' }, '} f.'. 

The stemming process was successful in reducing the list of words identified. It 

reduced the word list of the training set by 18% percent. 

4.8 STOP WORD REMOVAL 

After the word is stemmed using the procedures discussed in section 4.7, the existence 

of the word in the stop word li st is checked. In fact, the stop words are also stored in 

stemmed form. In this thesis two kinds of stop words were identified: news specific 

stop words and common stop words. 

As discussed in chapter three, stop words are words that occur frequently in almost all 

documents. Using this concept, all high frequency words that exist in all documents 

were retrieved and reviewed to identify the stop words of both types . 

4.8.1 News Specific Stop Words 

Reporters and journalists most of the time report an incident to the pUblic. As a result, 

they use vocabularies peculiar for this purpose. An example of such words, which 

they use very frequently , is 'notify ' (MI :hD.", MI:hD</l , MI:!·m··"'I'A). Basically, they 

use this word when reporting about an official or organizational press release. In fact, 

these words are pure verbs and are usually found at the end of a sentence 18
• Therefore, 

the identification of these words was done in two steps: 

o List of high frequency terms from all classes were selected. 

18 The structure of Amharic language differs from English in stich a way that while the structure of English is 
Subject-Verb-Object (SVO) that of Amharic is Subject-Object-Verb (SOV). This means, usually verbs come at 
the end of a sentence in Amharic sentences. 
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o Then, common terms In all the classes were selected, and the result was 

reviewed manually. 

The assessment was made with an expert from the Agency. 

4.8.2 Common Stop Words 

Like other languages, some words in Amharic are used very frequently in the normal 

usage of the language. A list of 100 documents (audit reports) was processed using the 

above technique to identify these function words. 

In general, the two techniques mentioned above produced a total of 750 stop words, 

and the implementation of this step reduced the feature size on average by 20%. 

4.9 VECTOR TABLE GENERATION 

As described in chapter tlu'ee, centroid vectors are generated by averagmg the 

document vector belonging to a certain class. Therefore, to identifY the centroid 

vectors of the three classes, all documents identified as training set were processed and 

their vectors stored in a table. That is , the first step in vector table generation is 

document vector identification. This was done in three steps. 

o IdentifY high frequency words of each document in the training set. 

o Calculate document frequency for each of the high frequency words. 

o Calculate weight only for terms with document fi'equency more than one l9
. 

The weight is calculated using equation 2.1 presented in section 2.5.3. 

19 For document frequency, a threshold of 2 was taken in this experiment. 
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After calculating the weight of each term, then documents are represented by a vector 

using a table as discussed in equation 2.2 of section 2.5.3. The fo llowing table, for 

example, presents the vector of a document with Id 38215 from economy class. 

Word Weight 

Q,),t.;:J' 22.82367 

cnh· 16.64913 

·nc 15.29998 

?'IC 21.27727 

ouou·HI<;· 19.5 193 

... ·H: 23.44123 

hO~~l-} 21.5383 1 

Table 4.2 Vector Representation of Document No. 38215. 

In the above table, the other terms in the vector space have zero weight value. As a 

result, if we assume the above terms are consecutive in the vector space and come after 

the third term, we can have the following vector fOlm for the document under 

discussion. 

Document 382 15= (0,0,0,22 .82,16.65, 15.30,21.28,19.52,23.44,2 1.54,0,0, ... ) 

Once the document vectors are identified using the above step, then to identi fy the 

centroid vector of each class a table was designed with fields: Keywords, 

WeightInClassA, WeightlnClassC, and WeightInClassE. Only unique words from the 

total words identified during feature selection were then taken and inserted into the 

first column of the vector table. 
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The weight of each word is then calculated using the formula (equation 2.3) presented 

in section 2.5.4. That is, for each word, the weights in the different documents of a 

given class are summed and divided by the number of documents in that class and the 

result entered in the appropriate column (WeightInClassA, WeightInClassC, 

WeightInClassE). 

The following table shows the vector table developed with its first 10 entries. A 

sample ofthe vector table is attached in Annex 62
0. 

Keyword WeightInClassA WeightInClassC WeightInClassE 

m. '}'1.'j 0.4444896 0 0.5778365 

m:}l,1j 0 0 0 .2014329 

m.f'l 0 0 0 .5984692 

mS 0.2823364 0.2823364 4.235047 

m'lU"/ 0 .3111427 0 0 

m.<r: 0 0 2.313637 

m. TrI: 0 0 0.0968913 

liS:'" 0 0 9.20721562 

?IJ'{. 0 0.1245869 8.305793502 

Table 4.3 Vector Table of ANC 

In general, the lists of keywords produced are assumed the most distinguishing terms 

for each class. The following table displays the top ten discriminating words of the 

three classes. 

20 Because the number of terms is very large, a sample of the vector table is assumed enough. 
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Class Accident Class Culture Class Economy 

No Word Weight Word Weight Word Weight 

1 }"f.;J 12.405 86 (IlC 2.435237 fit· 32.33935 

2 ;r fI.fI 6.806531 ~'C(I··)~ 1.947207 -IlC 23.2146 

3 noh. 3.573478 fit· 1.620441 OJ. I} 18.40815 

4 ],C .I;,;}' 3.265789 9"~.AI1 1.601014 "l'IlC 18.3733 

5 1·.1;:" 2.72593 1 fit· 1.599758 A '''I:'' 17.05214 

6 ], <'I:" 2.619697 IlUA 1.469573 }',C(I 13.77669 

7 ,1-t·&,11 2.551131 riM] 1.399788 10,1" 10.75025 

8 :!'mfl .. 2.525 168 UlJl)hA 1.270231 9"C'r 10.5 3446 

9 ],UA 2.4998 18 }". (II fl. ,1" 1.215289 )',1A"lfl·,1- 10 .14114 

10 UlJhIIhA 2.368053 fI~ 1.1 3818 1 11-'. 9.382524 

Table 4.4 The Top Ten DlstlngUIshmg Words of the Three Classes. 

The total number of keywords identified reached 3,326. The followin g table shows the 

number of keywords in each class. 

Class Number of Keywords 

Accident 914 

Culture 943 

Economy 2585 

-Table 4.) Number of Keywords m Each Class 
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In fact, each class has some common keywords with the other classes. The following 

table shows the number of common terms between the classes. 

Culture Economy 

Accident 291 561 

Culture - 511 

Table 4.6 Number of Common Terms Between Classes 

4.10 AUTOMATIC CLASSIFICATION 

To classify new document, first the document vector is produced using the same 
procedure mentioned in section 4.9 above. Here again, only words with document 
frequency greater than one are considered when producing the vector of the document 
to be classified. 

As the formula to calculate weight of terms needs a count of total documents in the 
collection and document frequency for the term, this information is required to be 
stored permanently. Therefore, to easily calculate df, each term is stored along with 
this information in a table. On the other hand, to hold a running count of total 
documents in the collection, a table (Number of New Documents table) is used and 
each time a new document is processed, the value in this table is incremented. 

Once the document vector is identified, then the matching of the vector with class 
vectors is done. The technique used to determine the class to which the document 
belongs is as follows: 

o A variable is declared for each class to hold the similarity value between the 
document and that class. 

o The similarity between the document and each class is then calculated using 
formula 2.4 discussed in section 2.6.5.1 and stored in the variables declared 
above. 
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o When the similarity computation is complete the maximum similarity value 

from the three is assigned to the document using formula 2.5 of section 2.5.5.1. 

The implementation of this procedure is presented in Annex 4 (Function Classify). The 

following flowchart shows the steps followed by ANC to classifY new document. 

Process 
Document 

Generate high 
frequency 

Compute df for 
the above terms 

Calculate weight 
for the above 

terms with df> I 

Compute 
similarity of the 
document vector 
and class vectors 

Output the 
class where 

the 
document 
belongs 

Figure 4.3 Flowchart of ANC 
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4.11 THE PROTOTYPE 

The news item to be classified can be given to the classifier either by typing the text 

directly on the space provided (the Rich Text Box) or by selecting the file which 

contains the news item. To select the fi le that contains the news item, the fo llowing 

procedure needs to be fo llowed. 

o If the drive is different it should be changed by using the drive list box. 

o If the drive is con-ect and the directory where the file is stored is different, then 

the directory should be changed. 

o Finally, the file can be selected from the file list. The file control is set to 

display only files with "rtf' and "doc" extension. 

The following figure shows the main screen of ANC. 

Figure 4.2 Main Screen of ANC 
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When the classify button is pressed, checking is done whether the news item is typed 

in or a file is chosen. If both options are not selected, a message is displayed and the 

program returns to the main screen. Otherwise, depending on the option chosen, the 

classification is done and the result, i.e. the class where the news item belongs, will be 

displayed. The program waits for another news item to classify, untill exit is pressed. 

4.12 TESTING 

Testing is done using the documents in the test set. That is, each document in the test 

set was classified using the above procedure and the result was recorded. Then, the 

result was compared with the class code assigned manually. Using the result, 

percentage was computed to see the effectiveness of the classifier. 

The following table shows the test result and percentage accuracy for each class. 

Class Number of documents Accuracy (%) 

Tested 
COlTectly 

Classified 

Accident 59 50 84.7 

Culture 41 38 92.68 

Economy 221 208 94.12 

Table 4.7 Accuracy 111 Each Class 

From the above table, it was found out that the classifier gave correct code on the 

average for 90 .5% of the test documents. That is, from the 321 documents 296 of them 

are assigned 'COlTect' code by ANC. Since the test set is assumed reasonably 

representative, the system can be said successful. However, to improve the system, it 
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should be supported by other preproceSSIng techniques such as thesaurus and 

stemming. 

The results are further analyzed and the following observations are made that needs 

additional considerations to enhance the developed Amharic news classification 

system. 

4.13 DISCUSSION 

All the 25 news items that are not classified correctly by the system were reviewed. 

The review showed that 6 items were recorded as incorrectly classified because of the 

wrong code given to them by journalists. That is, the code given by ANC for these 

items was correct. This would increase the percentage accuracy of ANC. 

In addition, from table 4.7, it can be seen that larger number of news items that belong 

to the class economy are classified correctly. This shows the class has a clear concept 

that distinguishes it from other classses. In fact, the weight of the first 10 terms of the 

three classes show that, economy has many discriminating telms, while culture does 

not have much (see table 4.4. for detail). On the other hand, the news items in the 

culture class are not clear in regard to the concept they present, but the result was 

good. The reason for the high percentage found in this class might be the size of the 

test data taken fi'om this class. In other words, it implies larger test data is required to 

confirm the performance of automatic classifiers. In general, this may be an indication 

that some of the classes might not be formulated clearly. 

Examining the list of keywords , many interesting entries were found. The lack of a 

complete stemming algorithm manifests itself, for instance, with the OCCUlTence of 
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both 'P'},? ' 'P. and 'P1,r'P.:r. words (two fomls of the word 'historical ') in the class 

'cu lture' , or because of the words ;rh,:f and ;rh,;t>::y. (two forms of the word 

'package') in the class 'economy'. It was also observed that the problems mentioned in 

section 3.5 .3.3 exist in Amharic news items. For example, a city at North 

(Debremarkos) was spelled in two different forms, which are f.'Ol.'''IC4\fl and f.'OI. 

O'IC,Y,fl. Also, the word 'president' was trans lated as Tt.I1.,ln:r. and Tt.·UP,1:". 

Because the number of keywords was few for some of the documents, the threshold 

considered made the feature size bigger. Therefore, the threshold for term frequency, 

which is the minimum frequency a term should have to qualify as document 

representative, should be checked for different values and the best threshold that will 

decrease the feature size should be taken. The minimum value of document frequency 

(dj) that a teml should have in order to be included in the document vector should also 

be reconsidered. 
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CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

To facilitate the work of news agencies, where the use of information storage and 

retrieval is very frequent and urgent, possession of an automated system that will assist 

journalists to produce timely and accurate news seems very critical. 

As a major work in information storage and retrieval, research studies in the area of 

automating classification have started long ago. The results of these research studies 

have showed that classification can be automated and good results could be obtained. 

The result of this research also showed that the use of automatic classification 

techniques for Amharic texts is possible and very promising. The research has tried to 

look into the techniques of automatic classification and tested some of them that seem 

good for the problem at hand. The development of Amharic News Classifier (ANC), 

which would act as an intelligent assistant to joumalists, could also potentially help 

other users to cope with large volumes of information handled under their control with 

some modifications. The overall result seems to support the following conclusions. 

In regard to the language aspect, it has become clear that Amharic text processing is 

highly dependent on the kind of Amharic software used to produce the text. Currently, 

there are many Amharic software in the market, but none of them seems to understand 

each other. In other word, every software uses its own ASCII assignment for Amharic 
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symbols, and as a result any text processing activity done for one software will be 

difficult to implement for another software. 

In addition to this, different people spell some Amharic words differently. This shows 

the need for the development of a standard dictionary for the language. As Getachew 

(1967) says, we are never taught how to spell Amharic words. Therefore, it can be 

concluded that no emphasis is given even now to train students on how to spell at least 

confusing words in school. 

In relation to stemming, the result showed that stemming would enhance the result by 

bringing variants of a given word into a common word thereby reducing the feature 

size. It was also observed that if documents were represented using words and phrases, 

not simply by words alone, the feature size would decrease and the system would be 

effective and efficient. 

Regarding the techniques of automatic classification, the statistical method is used for 

Amharic text analysis and a good result was obtained. However, the statistical 

technique needs to be supported with preprocessing techniques, like stop word 

removal and stemming, which have a great contribution in document analysis. 

On the other hand, the weighting technique used, tfXidf, seems a good choice than 

other weighting techniques, like Boolean weighting. This is true, especially for the 

current system where full stemming is not used and exact term matching would be 

difficult. In fact, it was found out that all the tlu'ee classes share many telms in 

common (including the top 10 terms of the three classes that are presented in table 4.1) 

and it would be difficu lt, for example, if Boolean weighting was used. 
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From the experiment it was clear that variants of some words existed in the vector. 

This increases the feature size and also decreases the discrimination power of words. 

It was also learnt that the development of stop word list highly depends on the subject 

matter. That is, in addition to common stop words that will be used in any domain, 

there are high frequency words used in the specific subject area that exist evenly 

throughout the entire collection. These words should also be taken as stop words. 

Otherwise, they would deter the result. 

In any case, the feature size in automatic classification systems will be large enough, 

and the processing of the vector table and document will take time. This shows the 

need for a high capacity computer with at least 64MB of memory to be in place, if the 

system developed is to function efficiently. 

5.2 RECOMMENDATIONS 

The results found in this research showed that text analysis and automatic 

classification can be done automatically for Amharic texts. However, it is also learnt 

that more research and developmental effort need to be conducted so as to enable the 

full exploitation of this technology. 

In particular, the following areas are identified as deserving further research work: 

1. The system developed is a prototype system. This means, it has to be tested and 

validated for the other classes not considered in the development process . In 

addition, the manual classification system, as stated in chapter three, has 

hierarchical nature. However, because of time constraint this aspect is not taken 
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into consideration in the development of ANC. Therefore, the system should be 

enhanced to consider the hierarchical nature of the class ification scheme. 

2. Many preliminary works in Amharic language have to be done as prerequisites for 

any research on Amharic text processing. Otherwise, it would be very difficult for 

researchers to concentrate only on specific problems, like automatic indexing and 

automatic classification. In this regard, at least the following systems should be in 

place: 

a. Amharic spell checker. As can be seen in many documents, Amharic 

documents suffer from spelling etTors. In reality spelling en-ors will 

deteriorate the performance of text processing systems. 

b. Stop word list. The stop word lists used in this research are mainly tenns of 

joumalists. As a result, they may not be helpful in other areas or domains. 

Therefore, an exhaustive stop list, which can be used in any areas, should be 

developed. 

c. Thesaurus file. As there are many variants of words in Amharic, a thesaurus 

file would help in reducing the features identified by bringing variants of the 

same word into one word. This will increase the discrimination power of 

terms, as they will have high frequency when they come into a common 

form. 

3. As discussed in chapter 3, ENA has implemented the classification scheme both in 

Amharic and English. However, this research work attempted to automate only the 
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into consideration in the development of ANC. Therefore, the system should be 
enhanced to consider the hierarchical nature of the classification scheme. 

2. Many preliminary works in Amharic language have to be done as prerequisites for 
any research on Amharic text processing. Otherwise, it would be very difficult for 
researchers to concentrate only on specific problems, like automatic indexing and 
automatic classification. In this regard, at least the following systems should be in 
place: 

a. Amharic spell checker. As can be seen in many documents, Amharic 
documents suffer from spelling en·ors. In reality spelling errors will 
deteriorate the perfonnance of text processing systems. 

b. Stop word list. The stop word lists used in this research are mainly terms of 
joumalists. As a result, they may not be helpful in other areas or domains. 
Therefore, an exhaustive stop list, which can be used in any areas, should be 
developed. 

c. Thesaurus file. As there are many variants of words in Amharic, a thesaurus 
file would help in reducing the features identified by bringing variants of the 
same word into one word. This will increase the discrimination power of 
terms, as they will have high frequency when they come into a common 
form. 

3. As discussed in chapter 3, ENA has implemented the classification scheme both in 
Amharic and English. However, this research work attempted to automate only the 
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Amharic classification scheme. Therefore, another research should be done to 
classify English news items automatically. 

4. Because of the different types of Amharic software, there is a problem of applying 
Amharic text processing results for different texts. This shows the need for 
standardizing Amharic software. 

5. The system developed does not update the class vectors to incorporate new terms. 
Therefore, it has to be enhanced to have a capability of adding new terms 
automatically in the course of classification. 

6. Finally, the result sheds some light on the need for revlsmg the manual 
classification scheme. This implies that a research should be done to verify whether 
the classification scheme meets the infonnation requirements ofjoumalists. 
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Annex 3: Amharic Fidel 
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Annex 4: List of Suffixes 

Suffixes 

'I r,w. '}r,' 

r,e; r,m.r, '}r,' 

fJ':f r,W.r; '}r,'9" 

fJ'~; r,"w.lj" "}t;lj" 

fJ'~;<J r,W.9u '}9" 

fJ'~:<J9" <JuJ,'} "}lj"r, 

fJ':f.<J'} 9" '}9'''} 

fJ'~9" lj"r," '}9"W, 

9'~9"<J lj"lftJU 'n 
fJ' :f. 9" '} 9"r,''} '1')-

fJ'~;'} 9":/: W, 

fJ'~;,}<J 9"'} we . , 
9'~'}9" 9U "}t;' V.r," 9') 

fJ"f<J 9",}9" W,<J,} 

9':1,'19" 9"'}9" W.c,"W. 

fJ':f<J1 9"'}'} W,9" 

fJ':f9" 9"'n W.l}"r," 

fJ':f9"<J 9"'}W, W,9"'} 

fJ' :}~9"'} 9"'}W, W ,' } 

9':f'} ljUW. aJ,'}<J 

9':f,}<J 9"(/}, W."}?" 

fJ':f'}9" ljUW.r, (/), ' }'} 

'19" 9UW.r, 

r,'9"<J 9"(11.9" 

<J9",} lj'IW.9'1 

'I'} 9"W:} 

Cf1C; 9"W:} 

<J,}9" '} 

<J'n 
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Annex 5. AKC Program Code 

, Global variab les used by the different procedures 

Dim db As Database 

Dim newdoc As Integer 

Dim rst, rstl, rst2 , rst3, rst4, rstS, rst6, rst7 , rst8, rst9 As Recordset 

Dim rsta, rstc, rste, r As Recordset 

Dim foundS, found4, found3, found2 As Boolean 

Private Sub Classify ClickO 

'This procedure classifies Amharic text given the text or the file where the text is stored 

Sereen.MousePointer = vbHourglass 'Change mouse pointer to hourglass. 

Call GnerateWord 

Call CaJculateDf 

Call CaJculateWeight 

Dim c1assa, classc, c1asse As Single 

Dim dena, denc, dene, dendoe As Single 

'denominators to hold sum of square for the classes and document 

classa = 0 

dena = 0 

c1assc = 0 

dene = 0 

c1asse = 0 

dene = 0 

dendoe = 0 

While Not rst8.EOF 

st = Trim(rst8 !word) 

dendoc = dendoc + rst8!Weight * rst8!Weight 

rst7.FindFirst "word = '" & st & "'" 

If Not rst7 .NoMatch Then 

c1assa = classa + rst8!Weight * rst7!Weightinclassa 

c1assc = c1assc + rst8!Weight * rst7!Weightinclassc 

classe = c1asse + rst8!Weight * rst7!Weightinclasse 

End If 
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rst8.MoveNext 

If Not rst7.BOF Then rst7.MoveFirst 

Wend 

If Not rsta.BOF Then rsta.MoveFi rst 

While Not rsta.EOF 

dena = dena + rsta!Weightinclassa * rsta!Weightinclassa 

rsta.MoveNext 

Wend 

If Not rstc.BOF Then rstc.MoveFirst 

While Not rstc.EOF 

denc = denc + rstc!Weightinclassc * rstc!Weightinclassc 

rstc.MoveNext 

Wend 

If Not rste.BOF Then rste.MoveFirst 

While Not rste.EOF 

dene = dene + rste!Weightinclasse * rste lWeightinclasse 

rste.MoveNext 

Wend 

If dena <> 0 Then classa = classa / Sqr( dena * dendoc) 

If denc <> 0 Then classc = classc / Sqr( denc * dendoc) 

If dene <> 0 Then classe = classe / Sqr( dene * dendoc) 

Max = classa 

tclas = "accident" 

If classc > Max Then 

Max = classc 

tclas = "culture" 

End If 

If classe > Max Then 

Max = classe 

tclas = "economy" 

End If 

If Not rst8.BOF Then rst8 .MoveFirst 

While Not rst8.EOF 

rst8.Delete 
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If Not rst8 .BOF Then rst8.MoveFirst 

Wend 

Screen.MousePoi nter = vbDefault ' Return mouse pointer to normal. 

MsgBox "the document belongs to class" & tclas ' di splay the result to the user 

Rst.Close 

Rstl .Close 

Rst2 .Close 

Rst3.Close 

Rst4. Close 

Rst5 .Close 

Rst6.Close 

Rst7.Close 

Rst8.Close 

Rsta.Close 

Rstc.Close 

Rste.Close 

End Sub 

Private Sub Exit_ ClickO 

'Exits the program 

End 

End Sub 

Private Sub Dirl _ChangeO 

, This procedure synchronizes the directory and fil e list controls. 

Filel.Path = Dirl.Path 

End Sub 

Private Sub Drive 1_ ChangeO 

' This procedure synchronizes the drive control and directory control. 

On Error GoTo II 

Dirl.Path = Drive I .Drive 

GoTo 12 

11 : 
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MsgBox "You may not have inserted a disk in the disk drive. Try again" 

Drivel.Drive = "c:" 

12: 

End Sub 

Private Sub Form_LoadO 

, This procedure sets default value for global variab les. 

Dirl.Path = Drive l.Drive 

Filel.Pattem = "*.doc;*rtC' 

Filel.Path = Dirl.Path 

Set db = OpenDatabase("e:lautomatic classificatinlautomatic classification.mdb", True) 

Set rstl = db.OpenRecordset("words of each class", dbOpenDynaset) 'Used to hold all 

'document terms used to produce the vector table 

Set rst2 = db.OpenRecordset("stopwordlist", dbOpenDynaset) 

Set rst3 = db.OpenRecordset("words of new documents", dbOpenDynaset) 'used to hold 

words 'of documents that are classified after the production of the vector table 

Set rst4 = db.OpenRecordset("PrefixTable", dbOpenDynaset) 

Set rstS = db.OpenRecordset("distinct all" , dbOpenDynaset) 'used to hold terms of document 

' frequency information 

Set rst6 = db.OpenRecordset("NumberofNewDocuments", dbOpenDynaset) 

Set rst7 = db.OpenRecordsetC'real vector tab le", dbOpenDynaset) 'the vector table 

Set rst8 = db.OpenRecordset("new document vector", dbOpenDynaset) 'table used to hold the 

'vector of the document to be classi fied 

Set rsta = db.OpenRecordset("select word, weightinclassa from [real vector table] where 

weightinclassa>O", dbOpenDynaset) 'used to hold vector of accident class 

Set rstc = db.OpenRecordset("select word, weightinclassc [rom [real vector table] where 

weightinclassc>O", dbOpenDynaset) 'used to hold vector of culture class 

Set rste = db.OpenRecordset("select word, weightinclasse from [real vector table] where 

weightinclasse>O", dbOpenDynaset) 'used to hold vector of economy class 

newdoc = 0 

End Sub 

Private Sub GnerateWordO 
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'This procedure generates a stemmed term frequency for a given document. It removes stop 

'words. It also store high frequency terms in a new document vector 

Dim stl, st2, st3 As String 

Dim i As Long 

Set rst = db.OpenRecordset("temporarytable", dbOpenDynaset) 

If RichTextBox I.Text = ,,,, And Fi le l.ListIndex = -I Then 

MsgBox "Y ou have to either enter the text to classify or choose a fil e" 

Exit Sub 

End If 

foundS = False 

found4 = False 

found3 = False 

found2 = False 

st3 = 1111 'used to hold words extracted from the document 

countstwrd = 0 

newdocn = rst6!NewDocnumber + 1 'variable used to hold 

'number of new documents 

rst6 .Edit 

rst6!NewDocnumber = rst6!NewDocnumber + 1 

rst6.Update 

fname = "ENA" & newdocn 'fname is unique identifier of documents classified 

, and holds the newdocument id or the fi lename of the text to be classified 

IfRichTextBoxl.Text = "" And Filel.ListIndex <> -I Then 

marne = FileI.List(File I.ListIndex) 

Set fs = CreateObject("Scripti ng.FileSystemObject") 

d = Dirl.Path 

If Not (Dirl.Path Like "?:\") Then 

d = Dirl .Path & "\" 

End If 

stl = d & fiJam e 

RichTextBox I .LoadFi le stl 

End If 

st2 = RichTextBoxl.Text 

st2 = Trim(st2) 
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i = Len(st2) 

'i holds the length of the news item 

For j = I To i 

'delimeters are space, netelaserez(comma), direbserez, aratnetib, hulet netib, ", ',I, (,), ? 

ch = Mid(st2, j, I) 

Select Case ch 

Case" ", "Yz" , .. y .. , "i," , Clu'(l88), vbTab, Chr(4 1), Chr( 171), Clu'(l80), vbCr, vbLf, Chr(39) 

IfCNot IsNumeric(st3)) And (Len(st3) > I) Then 

If Not isvalid(st3) Then GoTo II 

st3 = RemoveDotAndHyphen(st3) 

st3 = change2commonfoml1(st3) 

st3 = change2commonfom12(st3) 

st3 = change2commonfonn3(st3) 

st3 = change2commonfOlm 4(st3) 

st3 = change2commonfOlm5(st3) 

st3 = removepreffix(st3) 

st3 = removesuffix5(st3) 

If Not foundS Then st3 = removesuffix4(st3) 

If Not found4 Then st3 = removesuffix3(st3) 

If Not found3 Then st3 = removesuffix2(st3) 

If Not found2 Then st3 = removesllffixl(st3) 

'Check for stop word li st. If it is stop word then process the next word 

If Not rst2 .BOF Then rst2.MoveFirst 

rst2.FindFirst "word = ... & st3 & ..... 

If Not rst2.NoMatch Or st3 = .... Then 

GoTo 11 

End If 

'check if it is the first word or repeated word 

If Not rst.BOF Then rst.MoveFirst 

rst.F indFirst "word = .. , & st3 & ..... 

If rst.NoMatch Then 

rst.AddNew 

rst!word = s(3 

rst! frequency = 1 
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rst!FileName = marne 

rst.Update 

E lse 

rst.Edit 

rst!frequency = rst1frequency + 1 

rst.Update 

End If 

End If 

11 : 

, initialize the variables again 

8t3 = "" 

foundS = False 

fo und4 = False 

fo und3 = False 

fOllnd2 = False 

Case Else 

st3 = st3 + ch 

End Select 

Next 

If Not rst.BOF Then rst.MoveFirst 

While Not rst.EOF 

rst3.AddNew 

rst3 !word = rst! word 

rst3 ' freqllency = rst!freqllency 

rst3 !FileName = rst!FileNal11e 

rst3.Update 

If rst!frequency > I Then 

rst8.AddNew 

rst8!FileNal11e = rst!Fi leNal11e 

rst8!word = rst!word 

rst8!freqllency = rst!freqllency 

rst8.Update 

End If 

rst.Delete 
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If Not rst.BOF Then rst.MoveFirst 

Wend 

'Since the tables opened here wi ll be used in the subsequent procedures the following codes 

'moves the pointers to the 1st record 

If Not rst3.BOF Then rst3.MoveFirst 

If Not rst8.BOF Then rst8 .MoveFirst 

End Sub 

Function RemoveDotAndHyphen(st3) 

11: dotl = InStr(st3 , ".") 

dot2 = InStrRev(st3 , ".") 

If dotl <> 0 And dotl = dot2 Then 'only one dot is inside 

st3 = Left(st3 , dotl - I) & Mid(st3 , dotl + 1) 

Elself dotl <> 0 And dotl <> dot2 Then 

1 = Left(st3, dotl - 1) 

m = Mid(st3 , dotl + I , dot2 - dotl - I) 

rl = Mid(st3, dot2 + I) 

st3 = 1 & m & rl 

GoTo 11 

End If 

12: dashl = InStr(st3 , "(") 

dash2 = InStrRev(st3, "(") 

If dash 1 <> 0 And dash I = dash2 Then 'one dash is only inside 

st3 = Left(st3 , dashl - I) & Mid(st3, dashl + 1) 

Elself dash 1 <> 0 And dash 1 <> dash2 Then 

1 = Left(st3 , dashl - 1) 

m = Mid(st3 , dashl + 1, dash2 - dashl - 1) 

rl = Mid(st3 , dash2 + I) 

st3 = 1 & m & rl 

GoTo 12 

End If 

RemoveDotAndHyphen = st3 

End Function 
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Private Sub CalculateDfO 

'rstS holds the vector of the document to be classified 

While Not rstS.EOF 

df = O 

st = rstS !word 

'check if the term has already document frequency information 

rstS.FindFirst "word = '" & st & "'" 

IfNot rstS.NoMatch Then 

df = rstS !dfrequency + 1 

rstS.Edit 

rstS !dfrequency = df 

rstS. Update 

rstS.Edit 

rstS!dfrequency = df 

rstS.Update 

Else 

, otherwise create a document frequency information for the term from the new documents 

'term table 

rst3 .FindFirst "word = '" & st & "'" 

IfNot rst3.NoMatch Then 

While Not (rst3.NoMatch Or rst3.EOF) 

df = df + I 

rst3 .FindNext "word = '" & st & "'" 

Wend 

End If 

, if the document frequency information calculated above satisfies the threshold for dfregister 

' the value else remove the tenn from the vector table 

If df > I Then 

rstS.AddNew 

rstS! word = st 

rstS!dfrequency = df 

rstS. Update 

rstS.Edit 

rstS!dfrequency = df 

104 



rst8 .Update 

Else 

rst8 .Delete 

End If 

End If 

'move the pointers to the first record of tables processed above 

rst8.MoveNext 

rst3 .MoveFirst 

rst5.MoveFirst 

Wend 

If Not rst8 .BOF Then rst8.MoveFirst 

If Not rst5.BOF Then rst5.MoveFirst 

If Not rst3.BOF Then rst3.MoveFirst 

End Sub 

Private Sub CalculateWeightO 

, number of documents processed to produce the vector table from documents of the three 

'classes 

cultdoc = 100 

ecodoc = 850 

accdoc = 210 

If Not rst6.BOF Then rst6.MoveFirst 

rst8 .MoveFirst 

'number of new documents processed so far after the generation of the vector tab le 

newdoc = rst6!NewDocnumber 

, total documents in the co llection (all documents proccessed so far) 

totdoc = culdoc + ecodoc + accdoc + newdoc 

, calculate weight for each term in the document vector 

While Not rst8.EOF 

wrd = rst81word 

rst8.Edit 

rst5 .FindFirst "word = '" & wrd & "'" 

rst8!Weight = rst8!frequency * Log(totdoc I rst5!dfrequency) 

rst8 .Update 

105 



rst8 .MoveNext 

If Not rst5 .BOF Then rst5.MoveFirst 

Wend 

If Not rst8.BOF Then rst8.MoveFirst 

If Not rst7.BOF Then rst7.MoveFirst 

End Sub 

Function RemoveS uffix I (st) 

'This procedure stems the sufixes w, n, m, and na 

1= Len(st) 

If I - I <= 0 Then GoTo II ' if word length is I , no processing is made 

st2 = Left(st, I - I) 

13 = Len(st2) 

'check if diactric mark exists in the remaining word, which helps to determine the required 

'word length 

d2 = InStr( I , st2, "#") + InStr( I, st2, "! ") + InStr( I , st2, "@") _ 

+ InStr(l , st2, "0") + InStr( I , st2, "$") 

If Not rst4.BOF Then rst4.MoveFirst 

s = Right(st, I) 

rst4.FindFirst "suffix = '" & s & "'" 

If Not rst4.NoMatch Then 

If (d2 > 0 And I - 1 > 2) Or (d2 = 0 And I - I > I )Then st = st2 

End If 

11: removesuffix I = st 

End Function 

Function RemoveSuffix2(st) 

'check the size before stripping 

1= Len(sl) 

If! - 2 <= 0 Then GoTo 11 

st2 = Left(sl, 1-2) 

d2 = InStr( I, st2, "#") + InSlr(l , st2, "! ") + InStr( I, st2 , "@") _ 

+ InSlr( l , s12, "0") + 1nSlr(l , s12 , "$") 

If Not rsI4.BOF Then rst4.MoveFirst 
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s = Right(st, 2) 

rst4.FindFirst "suffix = '" & s & "'" 

If Not rst4.NoMatch Then 

If (d2 > 0 And I - 2 > 2) Or (d2 = 0 And I - 2 > I) Then 

12 = rst4! number2strip 

st = Left(st, I - 12) 

found2 = True 

End If 

End If 

11: removesuffi x2 = st 

End Function 

Function RemoveSuffix3(st) 

1 = Len(st) 

If 1- 3 <= 0 Then Go To 11 

st2 = Left(st, I - 3) 

13 = Len(st2) 

d2 = InStr( 1, s12, "#") + InStr( 1, st2, "r ") + InStr(1 , st2, "@") _ 

+ InStr(l, st2, "0") + InStr(1 , st2, "$") 

If Not rst4 .BOF Then rst4 .MoveFirst 

s = Right(st, 3) 

rst4.FindFirst "suffi x = '" & s & "'" 

If Not rst4.NoMatch Then 

If (d2 > 0 And I - 3 > 2) Or (d2 = 0 And I - 3 > I) Then 

12 = rst4 !nurnber2strip 

st = Left(st, I - 12) 

found3 = True 

End If 

End If 

11 : removesuffi x3 = st 

End Function 

Function RemoveSuffix4(st) 

1= Len(st) 
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If!- 4 <= 0 Then GoTo II 

st2 = Left(st, I - 4) 

13 = Len(st2) 

d2 = InStr(l , st2 , "#") + InStr(l , st2, "!") + InStr(l, st2 , "@") _ 

+ InStr(l , st2, "0") + InStr(l , st2, "$") 

s = Right(st, 4) 

rst4.FindFirst "suffix = '" & s & "'" 

If Not rst4.NoMatch Then 

If (d2 > 0 And I - 4 > 2) Or (d2 = 0 And I - 4 > I) Then 

12 = rst4!number2strip 

st = Left(st, I - 12) 

found4 = True 

End If 

End If 

11: removesuffix4 = st 

End Function 

Function RemoveSuffix5(st) 

1 = Len(st) 

If! - 5 <= 0 Then Go To 11 

st2 = Left(st, 1 - 5) 

13 = Len(st2) 

d2 = InSlr(l , S12, "#") + InSlr(l, s12, "!") + InStr(l , st2, "@") _ 

+ InStr(l, st2, "0") + InStr(l , st2, "$") 

s = Right(st, 5) 

rst4.FindFirst "suffix = '" & s & "'" 

If Not rst4.NoMalch Then 

If (d2 > 0 And I - 5 > 2) Or (d2 = 0 And I - 5 > I) Then 

12 = rst4inumber2strip 

st = Left(st, 1 - 12) 

found5 = True 

End If 

End If 

11: removesuffix5 = st 
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End Function 

Function RemovePreffix(st) 

'This function stems the sufix woch, wochu and their combination with n, m, na 

a = Mid(st, 2, I) 

b = Mid(st, 3, 1) 

c = Mid(st, 4, I) 

d = a = u#" Or a = "!" Or a = u@" Or a = "orl 
e=b = "#" Orh = "!II Orb = "@IIOrb = "Q" 

f= c = "#" Or c = "!" Or c = "@" Or c = "0" 

d2 = InStr(2, st, "#") + InSlr(2, st, "!") + InStr(2, st, "@") _ 

+ InStr(2, st, "0") + lnStr(2, st, "E") + InStr(2, st, "$") 

e2 = InStr(3, st, "#") + InStr(2, st, "!") + InStr(2 , st, "@") _ 

+ InStr(2, st, "0") + InStr(2, st, "E") + InStr(2, st, "$") 

f2 = InStr(4, st, "#") + InSlr(2, st, "''') + InStr(2, st, "@") _ 

+ InStr(2, st, "0") + InStr(2, st, "E") + InStr(2, st, "$") 

g = Len(st) 

If(Left(st, 1» = "b" And Not d Then 

If d2 > 0 and Len(st) > 3 Then st = Right(st, g - 1) 'be 

Else If Len(st) > 2 Then st = Right(st, g - I) 

End If 

Elself (Left(st, I» = "y" And Not d Then 

If d2 > 0 and Len(st) > 3 Then st = Right(st, g - 1) 'be 

Else If Len(st) > 2 Then st = Right(st, g - I) 

End If 

Elself (Left(st, I» = "k" And Not d Then 'be 

If d2 > 0 and Len(st) > 3 Then st = Right(st, g - 1) 'be 

Else If Len(st) > 2 Then st = Right(st, g - I) 

End If 

Elself (Left(st, I» = "I" And Not d Then 'be 

If d2 > 0 and Len(st) > 3 Then st = Right(st, g - 1) 'be 

Else If Len(st) > 2 Then st = Right(st, g - I) 

End If 

Elself (Left(st, 2» = "SI" And Not e Then 'be 

109 



If e2 > 0 and If Len(st) > 4 Then st = Right(st, g - 2) 

Else If Len(st) > 3 Then st = Right(st, g - 2) 

End If 

Elself(Left(st, 3)) = "XNd" And Not fThen 

If f2 > 0 and Len(st) > 5 Then st = Right(st, g - 3) 

Else IfLen(st) > 4 Then st = Right(st, g - 3) 

End If 

End If 

removepreffix = st 

End Function 

Function Change2CommonForml(st) 

'This function converts the different ha forms into the first form 

a = InStr(st, "I") 'used for hamerewuha 1st [olm 

b = InStr(st, "' '') '4th form ofhamerewuha 

c = InStr(st, ":") '4th fom1 ofha the first 

d = InStr(st, "' '') 'used for 4th form ofhamerewuha 

e = InStr(st, "7") '6th fOll11 ofhamerewuha 

f = InStr(st, "t ") '7th fom1 ofhamerewuha 

g = InStr(st, """') 'used for hailesilasie ha 1st and 2nd form 

h = InStr(st, " ' '') 'used for hailesil asie 4th fOll11 

i = InStr(st, "- ") 'used for hailesilasie 6th form 

j = InStr(st, "@") 'diactric for 5th form ofhamerewuha and hailesi lasie ha. 

Ifa > 0 Then ' 

IfMid(st, a + I, 1) = "!" Then 

st = Left(st, a-I) & "£" & Mid(st, a + 2) 'change hi 

ElselfMid(st, a + 1, 1) = "@"Then 

st = Left(st, a-I) & "y" & Mid(st, a + 2) 'change hie 

Else 

st = Left(st, a-I) & "h" & Mid(st, a + 1) 'change ha and hu 

End If 

Eiself d > 0 Then 

st = Left(st, d - 1) & "h" & Mid(st, d + 1) 'change ha (z 4th) 
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Eiself e > 0 Then 

st = Left(st, e - I) & "H" & Mid(st, e + 1) 'change h 

Eiself f > 0 Then 

st = Left(st, f - 1) & "y" & M id(st, f + I) 'change ho 

Elself g > 0 Then 

IfMid(st, g + I, 1) = "!" Then 

st = Left(st, g - 1) & "£" & Mid(st, g + 2) 'change hi 

E lselfMid(st, g + 1, 1) = "@" Then 

st = Left(st, g - 1) & ''Y' ' & Mid(st, g + 2) 'change hie 

Elsel fMid(st, g + 1, 1) = "0" Then 

st = Left(st, g - 1) & "y" & Mid(st, g + 2) 'change hie 

Else 

st = Left(st, g - 1) & "h" & Mid(st, g + I) 'change ha and hu 

End If 

Eiself h > 0 Then 

st = Left(st, h - I ) & "h" & M id(st, h + I) 'change ha (z 4th) 

Eiself i > 0 Then 

st = Left(st, i - I) & "H" & Mid(st, i + I) 'change h 

Elself c > 0 Then 

st = Left(st, c - 1) & "h" & Mid(st, c + I) 'change ha 

End If 

change2conm10nform I = st 

End Function 

Function Change2CommonForm2(st) 

'This function convelis the different se f0l111S into the first form 

a = InStr(st, "\") 'used 4 nigusu se 1st & 2nd f0l111 

b = InStr(st, "ee") , 3rd form of niglisli se 

e = InStr(st, "1") '6th form of niglisli se 

f = lnStr(st, "/") '7th fonn ofnigll su se 

If a > 0 Then 'Sli don't have pb. changing se will change it 

st = Left(st, a -I ) & "s" & M id(st, a + I ) 'change se and su 

Eiself b > 0 Then 
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IfMid(st, b + 1) = "I" Or Mid(st, b + 1) = "@" Then 

st = Left(st, b - I) & "s" & Mid(st, b + 1) 'change si, sie 

Else 

st = Left(st, b - I) & "u" & Mid(st, b + 1) 'change sa 

End If 

Elself e > 0 Then 

st = Left(st, e - 1) & "S" & Mid(st, e + 1) 'change (z 4th) 

Elselff > 0 Then 

st = Left(st, f - 1) & "1" & Mid(st, f + 1) 'change (z 4th) 

End If 

change2commonform2 = st 

End Function 

Function Change2CommonForm3(st) 

'This function converts the different aa forms into the first fonn 

a = InStr(st, ";") 'used for ayinu aa 1st & 2nd form 

b = InStr(st, ")") , 4th forl11 of ayinu aa 

e = InStr(st, ": ") '6th form ofayinu aa 

f= InStr(st, "a") '7th fonn ofayinu aa 

i = InStr(st, w·") '4th fOlm of the first aa 

If a > 0 Then 'ou don't have problem changing aa will change it 

st = Left(st, a-I) & "x" & Mid(st, a + I) 'change aa 1st and 2nd 

Elself b > 0 Then 

IfMid(st, b + 1) = "!" Or Mid(st, b + 1) = "@" Then 

st = Left(st, b - 1) & "x" & Mid(st, b + 1) 

Else 

st = Left(st, b - 1) & w·" & Mid(st, b + I) 

End If 

Elself e > 0 Then 

st = Left(st, e - 1) & "X" & Mid(st, e + I) 

Elself f > 0 Then 

st = Left(st, f - 1) & "a" & Mid(st, f + I) 

E iself i > 0 Then 

st = Left(st, i-I) & "x" & Mid(st, i + 1) 
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End If 

change2commonfol1113 = st 

End Function 

Function Change2Coml11onFon114(st) 

'This function convelis the different tse f0l111S into the first fonn 

a = InStr(st, "]") 'used 4 ste 1 st & 2nd fonn 

b = InStr(st, "i") 'used 4 ste 1st & 2nd f0l111 in another code 

c = InStr(st, "E") , 4th form of ste 

d = InStr(st, "} ") '6th form of ste 

e = InStr(st, "0") '7th form of ste 

If a > 0 Then 'su don't have pb. changing se will change it 

st = Left(st, a -I) & "0" & Mid(st, a + 1) 

EIseIf b > 0 Then 

st = Left(st, b - 1) & "0" & Mid(st, b + 1) 

EIseIf c > 0 Then 

IfMid(st, c + 1) = "I" Or Mid(st, c + 1) = "@" Then 

st = Left(st, c - 1) & "0" & Mid(st, c + 1) 

Else 

st = Left(st, b - 1) & "U" & Mid(st, b + 1) 

End If 

EIseIf d > 0 Then 

st = Left(st, d - I) & "A" & Mid(st, d + 1) 

EIseIf d > 0 Then 

st = Left(st, d - 1) & "U" & Mid(st, d + 1) 

End If 

change2colllmonform4 = st 

End Function 

Function Change2ComlllonF orm5( st) 

'this function converts the 6th for ofw to its 2nd f0l111 

e = InStr(st, "W") 

Ifa > 0 Then 

st = Left(st, a-I) & "y" & Mid(st, a + 1) 
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End If 

change2commonform5 = st 

End Function 

Function IsValid(st) 

, this funciton checks the validity of Amharic word 

I = Len(st) 

isvalid = True 

For i = 1 To I 

IfIsNumeric(Mid(st, i, 1)) Then 

isvalid = False 

Exit For 

End If 

Next 

End Function 
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O?(t lJl} t; ... 0 0 0.3243963 

"'I.() I.. 0 0 0 .3 0465 II 
-------- ; 

" '/.() "",' 0 0 0 .0805 27 13 
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Word 

'''lilT 4· 

°'1.'H'4-0')· 

(I"/.W.A. 

(1"1. 01.1\. 

°1.mf'¢ 

O?m.e'~ .). 

"?.eH 

io?.eH' 

"'1.H-;· 

-; ..... .1' 

-;·11 
.•. ,-"-,---"-,-"., '_ ...... . 

PA-'I' 

~r;} ••• 

(J;\,t..-r 

6b)'C{I 

m.c~' 

WeightlnClassA WeightlnClassC WeightlnClassE 

0 0.090352 18 01 

O· 0.2906739 O! 

0 02888;\741 
c 

0 0 0.1545479! 

0 0 0.0968913 

0 0 0. 1007 1 

0 0 0.3 19951 

0 0 0.310701 

0 0 0.0903521 

0.0707348 ' 0 03183066 i 
'~---'-~~-'---' 

0.116sl~3;1 0.07767543 0.07767543 

0 0 0 .078993941 

0 0 0 .24 15814i 

0 0 0.09417~32 1 -- ~. __ --f ____ 

0 0 0.088897921 

··················1 
0 0 0. 15 107471 , 

................ _._"" ._ .. " .. _--_ .•. , .. _._._._, ... ,--- ., 
0 0 0.1 8835461 

0.08652703 0.08652703 0.5 191622' 
.... ....... ... ~ 

0 0.1007164 0' 

0 0 

0 1.03595 I 

0.09035218 0.3614087 

0 0.177795 8 
;" .. 

01 0 

0.1561896 

0 0.5078034 

0.08763819 0 

0.1007164 0 

1.10 1732' 0 0.293795 1 
-.... ~ .. --.. ------

0 .1777958 0 0.088897921 

0 0 0.090352 18i 
.-----_.-. 

0 0. 1794314 1.686655 · 

0 0. 1937826 0 ' 

0 0 0.3943719 
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Word WeightlnClassA WeightlnClassC WeightlnClassE 

'!:I.e, 0 0 0.090352 181 
, 

IXJ.w. 0.39437 19 0 0.2190955 1 

7im 0 0 0.10071641 

7i'''!..!' 0 0 0.096891 3 
----

7i"'/"Ifl. 0.09207219 0 0 

7i oJ' 0.4384 1781 0.1686222 2.6979551 

"Ii J'6/]' 0 0 1.2448851 

7i,r.u, 0 0 0.1297905 

7i 11<;· 0 0 0.09689 13 

'/i (~ 0 0 0.2825319 
--

7i~) 0 0.08652703 0 
-

ra.tt
. 

0 0.1355283 0 

7i4, 0.1178005 0 0.31413461 

'/ill 0. 1007164 0 0 .1007 164 

·/i4.~· 0 0 0. 13 14573 

7iA"'l'} 0 0.4152896 0.249 1738 

7iUD 0 0 0. 15 10747 
----- - ---

'/i9"l1t· 0 0 1.368529 -_ .. -,-.------------_._._-- ----------- ._-,----------- ----

01777958] 7iUl'Afl 0.08889792 0 

mh·e·l, 0 0 0.08652703 
--------- ---------------------- -_.---._----" 
7i'HI. 0.1453369 0 0 

;rttl€:j: 0 0 0.1007164 
---

;rn~ 0 0 0.2014329 

;>·fI.r· 0.1007164 , 0 o 1007 1641 
I 

-, .. _-_ ....... _."-....... ,---
;>·fI.(I·f 0 0. 1453369 0 

;>·fI.fl 6.80653 1 0.4235 173 1.028542 

;>·flJI. 0 0.2 11049 1 1.02007 

?"fI1;1-J 0 0.08889792 0 

T\I"T 0 0 0.0968913 

;>'il:1' 0 0.2014329 0 

1
0M 0.1007 164 0 0 

E 0 0 0.09417732 

~/;'~ 0 0 0 .07998791 

l"zP~~A i 
0.1007164 0 0 
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Word WeightlnClassA WeightlnClassC WeightlnClassE 

"~hIU' 0 0 0.1007 164 

"~;h~h 0.2565992 0 
, 

0.8 12564 1 

"'t.TC 0.4695544 0.08804 144 7.072663 

"1.:> 0 ' 0 0.5778365 

"1.YP·}· 0 0 0 .1007 1641 

l"'Irt 0 0 0. 1007 164 
--~- -----

I"lnrt 0 0 0.1647176 

11;r 1 
0 0 0. 1453369 

1,1-)1'1\ 0 0 0.3021493 
I 

I>':J' 0 0 0 .1 38 1083 1 

1>'1"7j 0.09689 13 0 01 

t'.e,' 0.4473597 0 0 

".1. 0 0.094 17732 0 

I>h·n 0.09689 13 0 

0 .242228:1 I>h~. 0 0 
-l 

I>t\,!l: 0 0 0.4844565 

11t\" r- 0 0 0 .1333469 
- --~-

I>A.I. 0 0 0.094 17732 
-- ---------_ .. -----,-----_. __ .-

-oOb::~~~~ 11?" (l A ;f- 0. 11 78005 0.07853365 

I>'}? 0 0. 184 1444 
-------" .. "- - .. _------------------ ----- ------

I>'} .1' 0.0903 52 18 0 0.090352 18 
--~--

I>'}{I 0 0 0.519 1622 
-~--- ---- -----
I>'}h,:,l ' 0 0 0.4237979 

I>m··~,rt·1· 0 0 .09689 13 oj 
--, .... _ .. , ...... _ ... _--

1>·}rt""·&-t1"11 0 0 0.5964795 

1>'}1;',C 0 0 0.25179 11 
-----

I,'} 1; .e ~C 0 0 0.1007 164 
.. 1 

II·}...,·,: . ...,· 0 0 o 1297905 1 

1'·}""·C1n.e,· 0 0 1.62 198 1 

I>C7'':' 7i~. 0 0 1.47034 

}lell '] 0 0 0.506397 

F"' 0 0 0.1 38 1083 

1> ,,.11 0 0 0.48 20 I 

1>"'" ;f- 0 0 0.9064479 
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Word WeightlnClassA WeightlnClassC WeightlnClassE 

[v.~ .). 0 0. 1435451 0.143545 1 
, 

v. ... ,(I 0 0 0.84170681 

td~: 0 0 0.145 3369 

1I'1'I'/. •. f 0. 166 11 59 0 0 

1/
1/'1'4.:''' 0.07767543 0 o /5535091 

(11/'" 0 0 0 .2422282 

"'I'IA(lT 0 0 0.227459 
-

mrli 0 0 0.26669 3~1 
"7'1i " 0 .147976 0 3. 18 1485 

"7'lihchc 0. 2027477 0 0 

"'1n',- 0 0 0.15107471 

lI'1"{i ci'o.)". 0 0 0.088897921 

'''(Ii <II A .y, A 0 0 0.090352 18 

(I',,,q! 0.094 17732 0 0.094 177321 

tII/;q·. 0 0 0.25 143921 
-_._-----------

"7'rJ'/S: 0 0 0.4 240 172 
-~~-~ 

"1/..1].). 0 0 0~9~89 1 31 
--"-, .. ------ ,._-,-

"7 t ·(I . . 1' 0 0 0.1 8835461 
--1 

"'16··f .. 0 0.4844565 0 
----

"7mt·"'°'l.J' 0 0 _ ~~4276653j 
---_."-----------------

1I1/~: 0 0 0 .6324652 

(I'Ii"i uJ 0 0 0.2517911 

(/I/C,' 0 0. 1937826 0.09689 13 

(I', P, 0 0.07548862 o 15097721 
._-- ......•... _-- ---,--,-.-.. _-

"'I°J. " • .,. 0 0 0.227459 

'''/.'I(lt,1' 0 0.06979998 3.245699 
--~------ ~~--

- ;;:088897921 (II/C,' :1: 0 0 

"'I I] 1)'). 0 0 0.75 9885 11 
--~~ ---- -~-

"'/fI'", 0 0 0. 25958 11 

1J'lm£tht..e 0 0 0.2190955 

"7mr.hC 0.06945 053 0. 104 1758 0.5903295 

(I'/P""A 0 0 0.4493936 

~Il (11 r; 'I- 4~ .f> 0 0 0.1297905 

h .'lt..I'l--- 0 0 0.1 589557 
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Word WeightlnClassA WeightInClassC WeightlnClassE 

'''/.I'W.,» 0 0 0.096891 3 

"7(1mb.1' 0 0 0.2 163 176 

"7(1J'.C 0 0 0.08889792 

'''lfI t. .". ;). :,. 0 0 0.07947784 
--~~-.~-~---. 

'''lfI t. ;). ;F 0 0 0.4085396 

'''I'(lr 0 0 0.09689 13 
_._---- -----~---

"7 J'.t·-P; 0 0 0.166 11 59 

"7 J',t.]»}. 0 0 0.3 159758 

"7 J'..f' 0 0 0.59873 14 

"7 J'. (I b.1' 0 0 0.09689 13 
._---

"? J!.. °1 0 0 0.08652703 

"?J!..1· 0 0 0.1497189 

"7.f:fI ·(I 0 0 0. 1634158 

"7Y:t. '7 0 0.46 1563 4.208366 

"7 Y:t.1· 0.0680208 1 0.0680208 1 0.2720833 
---,.,-,.,--"--
"7 Y: t. ":.1' 0 0 0.201 4329 
----- -----
"7.f:t.r1· 0.079477841 0 0.07947784 

---
"7Y:t. ;J:': 0.07485946 0 0 
----,------ ------- -- ---_ .. _--- -- -- ---'----'._- - -------
"7 J'.ft 0 0 0.090352 181 

"7 f1/.r:,: 0 0 _ 0 .08~638 1 9 1 
--.----~-- _._----,-- -----. 
"7 f1/b .1' 0 0 1.08957 
---- I 

.., 
"·Ifllt·:'· 0 0 0.33223 17 

"7'PA 0.06945053 0 0.7292306 

"7'PfI· 0 0 0.08553306 
-.. - --,,--------

"7W·'j:,· 0 0.08889792 0 

1I'J1f!.. 0. 11 998 19 0 0.5599 153 

"71A1A 0 0 0.087638 19 
--- ! 
"71·A(I·)· 0 0 0.1883546 

"7'77;)':': 0 0 o 37 i-3482i 
-----

"'/'77:" 0 0 0.8882797 

i"'/'771, 0 0 0.702886 

'''/'7ft:'· 0 0.08889792 0 

t"U(l~, 0.1468976 0 2.570707 

;;itJIl ,:.~: 0. 1285889 0.06429446 0.900 1226 
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Word WeightInClassA WeightlnClassC WeightlnClassE 

'''IUOt·'''· 0. 1666279 0.06665 11 8 3 .3992 11 

"?UOt··': 0 0 0.3505528 1 

"'/I!Ot.() ,O 0 0 0.4493935 

°"l'i.m 0 0 0.249 1738 

(ll/l'w 0 0 0.09689 13 

"?** 0. 14 14696 0 0.67 19805 

"?h"?:': ,)' 0 0 0. 1007164 

(Jl/hOl/~ 0 0 0.09207219 

O?hr,w 0 0 0.7419378] 
(lllhC;aJ~: 0 0 _0087.6~819 
~-.-

('?hcrQJcr:,: 0 0 0. 13552831 

"?hc;m). 0 0 0.1561896 

O?nOC 0 0.2258804 0.09035218 

"?h1.&.,1' 0 0 0.44939361 
-~--.~--, 

"?h1.&.A 0 0, --~!·5~9.: 5 71 

O?A 0 0 0.094 17732 
~--- ---- -----III, A fII/.)-' 0.06758865 0.06758865 1.858688 

(l(11\~ 0.1453369 0 0 
-~--~---- ._-_._._ .• _--------

'''/AOr'l 0 0 0. 184 1444 
J 

"UI4· 0.07899394 0 0 
-.-----_._- ~--------- ---------------

O?ou'lll'f)' 0.682377 1 0 0.4170082 
- --

IJIJ~l\m · 0.1007164 0 0 _._- ----

OA'''''l 
O?OU'}r.r.b"" 0 0 

",/UV·}6b}. 0 0 0 6229345 

;;1;;" ij::i:4: 0 0 007767543 
- --- ----

O?'}"t.iF 0. 1523255 0.2665697 1.1 0436 

"'I'}" t."', 0 0 2.311203 

O?'}" t. ." 0 0.094 17732 0 
----_ .. __ .. .. _._ .. _., .. r 

1J'I'1J:e.:UlJ 0 0 0.2301805 
--.---~-

"'/~>:fu"'} " : 0 0 0.4603609 

ml"FI 0 0 0.09417732 

IIlr}~: 0.07727393 0.07727393 0 

1 '''/~r'l 0 0 0.2342844 

r; .. ,.}~: 0 0 0.09417732 
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Word WeigbtlnClassA WeightInClassC WeigbtInClassE 

"'lVI')' 0 0 0.1 35528:1 

"'/~t)t)""· 0 0.1453369 

"'l$ 0 0 0.35559 17 

"'llrc 0.09689 13 0 0 

"'l$r'} 0 0 0.1 7 1066 1 
I 

c,.,4' p,. 0 0 0.0758 1967 

'''/~' t. CJ 'f' 0 0 0.092072 19 

"7~·t.·n 0 0 1.68 11 75 

"'l~·t.n· 0 0 0.2514392 

IIIIC 0 0 1.029485 

(I'll. u"I..f' 0 0 0.1007 164 

'''/e .r 0 0.08553306 0.08553306 

°'lC''; 1\_ 0 0 0.1007164 

(ll/l..&.J~ 0 0 0.4983475 
-

{I'Ich 0.090352 18 0 0.090352 181 

0'lt.$ 0 0 0.09689 131 
---

"?t.'} 0. 1007 164 0 0 
---- ----

"7t.~ 0 0. 1007164 0 
--_ .. _._- --.• ---------- ---------------_._----.' .. 

(I., 1. ~'.J 1~1' 0 0 0. 18714861 

"·It.;J1 61'1. 0 0 0.2~~3~571 
~~------ ---------.---.~ 

"7 t.;J;J .). 0 0 0. 17527641 

°7t.r 0 0 0. 1007164 
----

---~90352j "7 fI :Nlhf:.r 0 0 .1 47429 1 
.,.,--, ....•.. __ ..•. _-
"7(1t-.r 0 0 

... __ ........ _.,_ .•.•.•.. ,-_._-- ............... ........ __ ._j 
"7 (I &. ('Ll, .). 0 0 0.076 16276 

°7(1':'{'Ll,'f, 0 0 0.08553306 
--- . 

"7(1&·...,· 0 0 0.2 1631761 

"'l (I CJ (I-n 0 0 0 .1 96334 1 
-_..j 

"'10 CJ (I n· 0 0.092072 19 0 
-----~- .... -_. -

022224481 "'/fI ,r-" 0 0 

(l'/(I·n 0 0 0.092072 19 

1""fI~t. "I 0 0 0.1007 164 

"'10 &. 'A "7 .. £' 0 0 0.1692678 
f· --
"7f1&.'A "'l.J' 0 0.0838 1305 0.2933457 
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Word WeightInClassA WeightInClassC WeightInClassE 

"YI'I"I] :,- 0 0 0.2245784 

"YI'I11]'" 0 0 0 .1883546 

"YMC 0 0 0.09417732 

°YM./.,J' 0 0 0.3293563 

00IM.1.·l- 0
1 

0.06652454 0.83 155671 

mill?,.:" 0 0 0. 1225619 

~;'{i-ti: ;q 0 0 0.094 17732 

"UlAm 0 0 0.08305793 

"Y (lAm;;: 0 0 0.3790984 

("/{lUlU',,}' 0 0 0.087638 19 _ .. _-
"Y(l uoll 1'1 0 0.0838 1305 0 

"'/1'1 u"C u"" ,1' 0 0 0.1007 1641 

"YI'IUDCUDC 0. 1883546 0 0.09417732 

0011'1 ""(l A 0 0 0. 138 10831 
f.----

0. 12458691 {l1/flm '} ~I' -,:.fJ 0 0 

"YI'I-"".:'- 0.23560 1 0 0.3 14 1346 
-- .. 
"Yl'lt..l', 0 0 0.3111427 

"Yl'lt..h·o 0 0 0.09417732 
-- - - .--- -------- ._---'--- ,- ---~------

, 
"y7i-1'.1' 0 0 ---- 0.9436077

1 

...... ..... 

'''17i7iA 0 0 1.551808j 
-------- ---,---- ---------- ----------- . 

"'/I'I-t-'I II t. • .r 0 0 0.3067337 
f.---- ----
'''/I'I-/-I-,h A 0 0 0.08889792 
f--- ----
fly 1'1-/-!',y. C 0 0.09207219 0 .1 84 1444 

"YM-I]O".I' 0 0 029~7~~~ 
~~;,-~ ., ':~'1},' 

-- ,-,._,--, .. , •.. ,_ .... 

0 0 0. 1007 164 
f--------- ---
"71'1-/' r, 1 f!: 0 0 0.3999395 

-- .- , 
"71'1"''l'Olq' 0 0.07199453 0.539959 
f-----
"'/I'I"-C 0.3067337 0 0.2 190955 

I::~~~:. 0.08763819 0 0.087638 19 

0 0 0.4924478 

"Y-t-!lC 0 0 0.094 17732 

"7:'- t.. 'I: 0.08889792 0 0 
I 

"YT(l·t· 0 0.09689 13 0 
~---
(1'1 ft 0.22 1964 0 1.257796 
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Word WeightInClassA WeightInClassC WeightInClassE 

'''II') .f' 0 0 0 .08235879i 

"'II')J?. "/ 0 0 1.5 14028 
~~ 

"11') J?. 1 . .f' 0 0 0. 12256 19 

II'] (llt\ 0.08763819 0 0 

"?f)"lJ: 0 0 .09689 13 OJ 
"'I(lA 0 0.07 134365 0 .32 10464 

------~~ 

"11') -1"'1: 0 0.0758 1967 0.2653688 1 

'''II')-H- 0 0 0 .1007 164 

"'/'}'}11 0 0 0. 11 7 1422 
I 

'''/'}'}H· 0 0 0.1 5 107471 . 
"71')r ;J-": 0 0 0.09689 13 

"71'){'."j- 0 0 0.08652703 ' 

"11') rof: 0 0 0 .1 93 1848 

"101~' 0 0.07054028 0.07054028 
• 

3.3327361 "11.J?: 01 0 

"'J"£,'c,,,.l· 0 0 0.6572865 -- --
"11,h'l'P. 0 0 1.74284 

----
"11.11'1-1- 0 0 0.74 19004 
----_._-_ . . ____ 0- -------'-.-_. --.--.. 1 
"11,h'l-': 0 0 0.2354433 

"71,hA 0 0.1 9379 15 1.776422 
-------- .-------~--- -.' _ .. _------------ '-- --------
"11.hl\· 0 0.2630908 3.006752 

'''n. <jo r;::f 0 0 0.09689 13 
~~- --- --... 

1''I',l. '1 0.092072 19 0 0 

'''I J'.m 0 0 0.090352 181 
." ... --.- ... -.,.,.----.~.- ---".,----,----, .. ,--

"'I J'.OA'I' 0 0 0. 167626 1 

(l'Im.tll:'· 0.075 1688 0 0 .075 1688 

"7 J'.h{~ 0 0.09689 13 0 

"7r."j- 0 0 0. 173054 1 

;;;i,i:;~; ... 
0 0 1.05684 11 

"111."Jl'::,- 0 0.1 122892 0.2994378 1 

i" 111,:l~:'" 0 0 0.08553306 

r; 0.1510747 0 0 

0 0 0 .2014329 
.I 
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