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ABSTRACT 

The World Wide Web is an escalating mass of interconnected data that stretches from computer 

to computer across the world. Information retrieval systems on the Web provide users with 

relevant information without human intervention, saving time, labor and money. 

The Web contains documents of diverse content in different languages. Making those documents 

accessible to users has become a difficult task with the fast growth of the Web. Hence 

developing information retrieval systems to cope with inherent features of Web data has been a 

research area of tile time in information science. 

In this study an attempt is made to explore the possibilities of applying some information retiieval 

techniques for Amharic documents on the Web. To back tile research, literature review on related 

works has been made. Different information retrieval techniques and algorithms used on other 

languages have been reviewed to determine the possibilities of applying them to Amharic 

documents on the Web. 

A database that stores Amharic Web page data, suffix list and index files has been designed. 

Web page submission form was developed to allow the submission of Web page data into the 

database. Designing an Amharic ·query input interface was also part of the research. 

Automatic indexing and searching techniques have been applied on a collection of 313 Web 

pages of Amharic documents taken from Walta Information Center news publications. 

Word and stem inverted index options were explored. An Amharic search interface was then 

created to handle Amharic data on the Web using ColdFusion Studio and ColdFusion Server 4.0 

on Windows NT 4.0 Operating System and Internet Information Server (liS). 
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The searching algorilhm Ihal was implemenled is Exlended Boolean model, which is a Boolean 

model with a veclor functionality Ihal allowed to rani< retrieved documents. 

To measure tile performance of Ihe prototype system, retrieval experiments have been 

conducted for twenty-two queries and an average recall-precision graph is drawn. Using terms 

with suffixes and prefixes removed resulted in a better performance than using words. 

Finally, conclusions are drawn based on the test results oblained and recommendations are 

made as 10 what further researches could be done for the development of Amharic information 

retrieval systems on the Web. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND 

Most people are faced with a need for in formation at some time or another. One might 

ask friends or colleagues for help, but if that is not sati sfactory, a more formal search 

may be initiated in a library or information center. 

However, it is not an easy task to search for relevant information in a high dimensional 

document space where there is vast amount of documents with complex writing styles. 

The availabi li ty of modern information retrieval systems has greatly improved the access 

to many stored collections (Baeza-Yates & Ribeiro-Neto, 1999). 

1.1.1 Information Retrieval 

Information retrieval deals with the representation, storage, organization of, and access 

to information items (Salton & McGrill, 1983). According to Strzalkowski (1999), the task 

of information retrieval is to extract relevant documents from a collection of documents in 

response to user queries. 

In formation is stored in the form of documents in computer information system for it to be 

made accessible. It is not always necessary for the whole of the document to be stored 

as part of the system collection. Document representatives are ex tracted either munually 
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or automatically and organized in a way that they can be subjected to information 

retrieval techn iques ("Rijsbergen, 1996). 

Theoretically there is no constrain t on the type and structure of tile information items to 

be stored and retrieved with information retrieval (IR) systems. In practice, though, most 

large-scale IR systems are still mostly processing textual information (bGloor, 1997). 

After the document collection is created, the searching mechanism is selected. When the 

size of the document collection from which information is to be retrieved is small and 

when the collection is highly volatile or the index space cannot be afforded, sequential 

searching of the full text can be applied (bRijsbergen , 1996). However in cases where the 

co llection size is large , techniques that allow faster retrieva l are used. 

Many of the large commercia l online systems today base their search ing and retrieval on 

the concept of term indexing (Harman , 2000). An index term is a pre-selected term which 

can be used to refer to the contents of a document and is basically obtained from the 

document itself (ibid.). Indexing can be made either manual ly or automatically. Manual 

indexing however, is tedious and time consuming making it highly desirable to use 

automatic indexing, especially in large collections (aG loor, 1997). 

1.1.2 Information Retrieval on the World Wide Web (WWW) 

The Internet is one of the largest publicly avai lable databases of documents and it has 

been testing ground for most retrieval techniques. With the explosive growtll of 

documents on the Internet, a number of services have arisen to help users search and 
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retrieve documents from servers around the world. This is also becoming important in 

large Intranets, where there is a need to extract information for decision making (Martin, 

1999). 

Despite the existence of invaluable information out there, searching the Web is 

challenging for several reasons. For one thing the nature of the data on the Internet is 

difficult to manage and for another the users' approach in finding their information need is 

a problem (Baeza-Yates & Ribeiro-Neto, 1999). According to Baeza-Yates & Ribeiro­

Neto, data on the Internet has the characteristics listed below that have made it a 

challenge for information retrieva l: 

• Distributed data: Due to the intrinsic nature of the Web, data spans over many 

computers and platforms. 

• Volatile data: High percentage of volatile data exists on the Web due to the 

Internet dynamics . New computers and data can be added and removed 

easily. 

• Large volume: Exponential growth of the Web content and difficulty to cope 

with this growth 

• Unstructured and redundant data exists on the Web 

• Quality of data: In most cases there is no editori al process performed on 

documents uploaded. Hence, data can be false, out of date, poorly written and 

with errors (typological, grammatica l, etc) 

• Heterogeneous data: In addition to having to deal with multimedia and with 

multiple formats, there are also documents written in different languages and, 

what is worse is the need to deal with documents written in languages having 

different alphabets. 
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Some of the problems such as variety of data type and poor quality of data are not 

solvable simply by software improvements. In fact some of the problems wi ll not change 

and should not change, as in the case of language diversity. 

Users on the other hand face problems such as inabil ity to express their information 

needs in a query and usually have difficulty to interpret the answer provided by the 

system, especially due to the amount of data retrieved at once. 

1.2 STATEMENT OF THE PROBLEM AND JUSTIFICATION 

People are shifting towards electronic publ ishing, in view of the additional capabi lities 

attained by publishing on the Web over the print (Poul ter, 1997). 

Whi le publishing on the Web, it is possible to include multimedia elements, and link to 

informatiof",l in many locations. Updating and distributing information is also very easy and 

fast while reducing communication costs, and it is possible to create virtua l documents 

from other sources and applications (Microsoft® Encarta® Encyclopedia 99) . 

Organizations can also achieve enterprise-wide connectivity by creating internal 

networks ca lled Intranets based on Internet networking standards and Web Technology. 

Companies are using Intranets in several ways. Customer files, product inventories, 

policy manuals, financial information, legal issues , telephone directories and other 

important information are made available to employees who need them (Laudon, 1998). 
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Extranets (private Intranets accessible to outsiders) are especia lly useful for linking 

organizat ions with customers or business partners, and for provid ing product availabi li ty, 

pricing, and shipment of data (ib id.). 

Owing to the existence of mill ions of Web sites and their increase in tremendous amount 

daily, locating information on the Web has been a critical issue. To alleviate the 

complexity of the process of fol lowing many links to get to documents, much effort has 

been made and is being made (Poulter, 1997). 

Several companies have created directories of Web sites and their addresses, providing 

search tools for locating information on specified topics. Web page owners, editors of 

sites or interested groups, who want their pages to be available online, submit short 

descriptions and corresponding URL (Unified Resource Locator) of Web sites to these 

directories (SEW, 2001) . 

With the release of WWW browsers in 1991 and with the increase in HTTP (Hypertext 

Transfer Protocol) resources, in 1994, the World Wide Web search engines of today 

began to appear. Search engines crawl the Web and create their li stings automatically, 

providing the opportunity to get updated information on changes to Web sites (Schwartz, 

1998). 

Most retrieval systems are based in the United States and they focus on documents 

written in English. However, there are retrieva l systems specialized in different countries 

and in different languages, which are designed to query and retrieve documents in the 

specific languages (Baeza-Yates & Ribeiro-Neto, 1999). 
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Though the bulk of information on the Web is in the English language, today there are 

also documents written in different languages such as French, Chinese, Arabic, etc 

(ibid .). The variety of languages used to post documents on the Web demands a search 

tool for each language or a retrieval system having a cross-lingual or multilingual search 

capabilities. 

Amharic, the official language of the federal govemment and a language used most 

widely in Ethiopia, is one of the languages used on the Web . Amharic is one of the 

languages that have their own alphabet. 

In terms of native speakers Amharic is approximately the fifth most widely spoken 

language in the world (IU, 2000). The native speakers are predominantly found in 

Ethiopia where they are 1/3 (18,000,000) of the population. Because it has been used as 

an official language of the country for over a century and has been taught in schools, 

many other Ethiopians speak it as a second language. Unlike most African Languages, 

Amharic has been a writing language for at least 500 years. And it has a fairly sizable 

written literature as compared to other Languages in the continent (Furzey, 1996). 

Since the introduction of Internet service in Ethiopia, in 1997, more than 60 private 

organizations and government bodies have created their own Web sites hosted by 

Ethiopian Telecommunication Corporation Internet Service alone (informal discussion 

with a Computer Science graduate and involved in designing Web pages at Ethiopian 

Telecommunication Corporation). Some of these Web sites conta in Amharic documents. 

Ethiopians in the Diaspora are also important elements that do publish Amharic 
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documents that have inva luable information. There are Web sites tha t collect in formation 

on Web sites related to Ethiopia (AC , 2001). Some of the pages have Amharic language 

multimedia program and others have documents in Amharic. Local government and 

private news agencies are nowadays publishing several articles daily. Two of the 

government news agencies that do publ ish Amharic news dai ly are Walta Information 

Center and Ethiopian News Agency . 

However, there is no retrieval system designed to access Amhari c documents on the 

Web. Obtaining these documents is possible only if you have the addresses of the sites 

or got a link from other sites. 

Besides, currently the final draft of a proposal demanding the need for a national 

information policy has been presented to the federal government (Lishan, 1999). The 

government is currently making efforts for its realization. Included in the proposal is that 

their should exist a national database, archives, and regional databases that somehow 

wi ll be integrated. These databases are expected to give valuable information to 

academia, research institutes, loca l NGOs, business sectors and others. Indigenous 

knowledge like historica l facts, legislation, research works, cultural heritages, 

government proclamations, and other facts about and in Ethiopia that are documented in 

Amharic cou ld be made available to Ethiopians within, to Ethiopians in the Diaspora and 

to whoever may need them. 

In this initiative it is also indicated that there is a need to loca lize the contents of the 

Internet for the society to make use of knowledge avai lable on the Internet. 
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On top of that wide area networks currently affluent in Addis Ababa and across some 

regional cities like Dire Dawa, Bahirdar, etc. and the availability of Amharic software are 

encouraging the use of distributed inFormation sources and hence the need for a means 

of having access to them. 

Furzey (1996) says, communicating in the Geez alphabet is a key factor in promoting 

information sharing and developing a successFul national networking in Ethiopia . This is 

because, for most people English is a second or third language to communicate easil y. 

Accord ing to Furzey, the inability to create and sort databases in Sa bean alphabets has 

hampered data collection. 

Fwzey further emphasizes that the development of user friendly Amharic interface and 

\ the ability to download information in Amharic for on-line connectivity is a priority for the 

promotion of electronic communication in the country. 

Furzey finally recommends the need for a national research effort to develop country 

specific software and online-interface for communication and information retrieval. 
h..-------

Thus, the aim of this research is to investigate the applica tion of some information 

retrieval techniques to access Amharic documents on the Web. 
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1.3 OBJECTIVES 

1.3.1 General Objective 

The general objective of this study is to apply selected information retrieval techniques 

on Amharic documents on the Web with tile aim of exploring the possibi lities of retrieving 

relevant information in response to user queries. 

1.3.2 Speci fic Objectives 

The specific objectives of this study are to: 

1. Review the different information retrieval techniques and methods for storing, 

indexing and searching documents on the Web. 

2. Make a review on the Amharic language to identify properties that are relevant for 

exploring searching and indexing. 

3. Collect sample documents avai lable on the Web for making experiments on 

searching and retrieval. 

4. Create a database for storing of Web page data . 

5. Develop a submit form to allow users (Web page owners) to submit their Web pages. 

6. Select the appropriate retrieval techniques to be applied to design the prototype 

system. 

7. Develop an automatic indexer to index the conten ts of Web pages in Web sites. 

8. Design an interface that wi ll accept query term s in Amharic and display description of 

Amharic documents retrieved with a link to their URL. 
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9. Conduct experiments by formulating queries and searching for re levant documents to 

determine the effectiveness of the system. 

10. Based on the results of the experiment, make a relevance judgment for determining 

recall and precision level of the system. 

1.4 METHODS 

The methods employed to achieve the above stated objectives of the research are: 

1.4.1 Literature Review 

Literature review has been made to understand about the Amharic language with respect 

to its features relevant for exploring searching and indexing and to investigate the 

information retrieval practices and indexing techniques that are used in other languages, 

which helped in selecting those appropriate to retrieve Amharic documents on the Web. 

Reference is made particularly to journal articles, research works, books and Manual of 

Amharic font. 

1.4.2 Development Enviro nment and Programming Too ls 

A database containing Web pages of Amharic news articles is created using Microsoft 

Access 97. Microsoft Access was selected for building the database because it is easy to 

make use of and meets the expectations of th is study. The articles are then subjected to 

be processed and inclexed by an indexer developed using Visual Basic 6.0. Visual Basic 
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is preferred because it has facilities that are easy to use for accessing data and hence 

has been found efficient for developing the indexer. 

Cold Fusion studio version 4.0 is used in creating document input form, the search 

interface and output forms. Windows NT 4.0 operating system with Internet Information 

Server (liS) and ColdFusion Server are used on the server side. Internet Explorer 4.0 is 

used to browse the Web. 

Cold Fusion is a Web application construction kit, that has capabilities of extending the 

standard HTML files with high level formatting functions, conditional operators and 

database commands (Forta, et ai, 1998). It has been used in this study for its features 

that enable to construct dynamic forms to access databases and to insert data into 

databases. 

1.4.3 Experimentation 

313 Web pages of Amharic documents containing news published by Walta Information 

Center are taken as a sample for this study. The articles consist of social, economic and 

poli tical news. Walta Information Center publishes post their news articles on the Web 

daily. These publications were easily accessible and hence the researcher decided to 

use them. News publications were selected among other Amharic publications on the 

Web for the reason that it is news that is published in a relatively higher amount and the 

contents are updated daily. 

The title, content and URL of these Web pages is submitted to the database. Documents 
, 

in the databas~ are indexed using words and ]teems with 'and suffixes removed. 
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An Amharic query input interface that allows entering query terms in Amharic is created. 

Experiments to retrieve relevant documents are made and outputs are collected . Finally, 

retrieval effectiveness of the system is measured against recall and precision. To draw 

the average recall-precision graph a smoothing algorithm applied by Hmeidi, Kanaan & 

Evens (1997) is used. 

1.5 SCOPE AND LIMITATION OF THE STUDY 

The experiment in this study is conducted on a collection of Web pages containing only 

news articles written in Amharic using VG2 font. 

Due to lack of time ways of updating the database of Web page data is not dealt with. 

The ability to incorporate different characters that serve the same purpose is not included 

in the prototype and case sensitivity is not considered either. 

1.6 ORGANIZATION OF THE THESIS 

This study is organized into five chapters. The first chapter consists of the background of 

the problem and justification for conducting the research. The objectives behind this 

study are also discussed. The methods used in conducting the research are presented 

and the scope and limitation of the study is also defined in the first chapter. 

The second chapter of this study comprises literature review on the Amharic language 

and its properties that are relevant for information retrieval from documents written in the 

language. A review of researches are made on Web searching practices and Automatic 

indexing researches as applied to other languages. 
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In chapter three, information retrieval techniques that are highly used and pertain to Web 

searching are dealt with . The creation of database containing Web page data, techniques 

applied in developing Amharic indexer using words and stems, and the design of the 

prototype retrieval system along with the experimental results are discussed in chapter 

four. Chapter five contains conclusions drawn as a result of the test results and 

recommendations made for further research. 

13 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 INTRODUCTION 

As indicated in the previous chapter the purpose of this study is to apply information 

retri eval techniques to Amharic documents on the Web. 

Research on information processing on Amharic documents has been made in several 

areas owing to the need to harness the potentials of computer technology for managing 

documents published in Amharic. Some of the researches carried in this area are: The 

application of OCR techniques on computer printout, type written and handwritten 

documents (Worku, 1997; Ermias, 1998; Dereje, 1999; Million, 2000 and Nigussie, 

2000); Amharic word parsing (Abiyot, 2000) and stemming algorithm for Amharic (Nega, 

1999). 

In this chapter, features of Amharic words pertaining to the purpose of this research and 

the Amharic writing system are discussed. 

Reviewing information retrieva l researches conducted in Arabic and Chinese is also the 

focus of this chapter. Web search practices in English languages are also dealt with. 

14 
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2.2 THE AMHARIC LANGUAGE 

The Amharic language is one of the 70 or more languages spoken in Ethiopia. Most of 

the languages in Ethiopia belong to the Semitic and Cushitic branches of the Afro-

Asiatic family. In Ethiopia, the Orthodox Church liturgy, Geez, is the origin of the 

Semiti c cluster of languages in the country. Amharic is one of the Semitic languages - ~ -

spoken by more than half the population of Ethiopia (Keller, 1999). 

Being a Semi ti c language, Amharic ha~ morphology simi lar to other Semitic languages 

like Arabic and Hebrew. The writing system of Amharic was taken from Geez, which 
~ 

was the language of literature in Ethiopia until the middle of the 19th century. Geez in 

turn took its scri pt from the ancient South Arab ian languages (Bender, 1976) . 

There are several characteristics that set off Semitic languages from others. The major 

once are: the presence of roots and vowel patterns, the formation of derived verbs by 
~ 

certain prefixes widespread in Semitic, and basic vocabulary (Ibid.). 

2.2.1 Amharic Word Shapes 

The Amharic language has a root-pattern structure. The root is the element that carries 

the meaning in a word and provides the base for inflection. The root is sometimes 

called ra dical and is made of consonants. The pattern in a word is a set of vowels that 

are inserted among the consonants of the root (Microsofl® Encarta® Encyclopedia 99). 
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In Amharic the verb roots provide large number of verbal derivations and most nouns 

are derived from verbs (Abiyot, 2000). For example from the radica l ,Y'ml 'qtr' (counted) 

the derived nouns, adjectives and different conjugations of the verb appear as: 

qotar-i 

qutir 

yataqotara 

asqotara 

qotatara 

ta-qotara 

aquatara 

aqotatara 

maqutar 

masqotar 

etc. 

·Y'''It. 

"" f'e: 

(-·I·,Y'mt, 

~'(loY> IIll 

·r'rl lfIl t. 

' 1',Y'mi, 

M:ml 

)\.Y,tlIIIlL 

'one who counts' 

'number' 

'counted' 

'he made somebody to count something' 

'he counts something again and again ' 

'it has got counted' 

'he counted something with somebody' 

'he helped in the counting process of 

something' 

'to count' 

'to make counted' 

In the different forms of the words above, the core meaning re~s to be the same due 

to the common root they share. Many information retrieval systems use algorithms 

(including standard algorithms, and algorithms built for a specific domain such as medical 

English) to replace all indexed words with their root forms (Harman, 2000). 
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Cotterell (1964) categorizes Amharic words into five broad classes as follows: 

1. Nominals: noun -like words such as 

bet (house), nlllk (large), "lrsu (he) 

2. Verbals: verb-like words such as 

heda (he-went) 

samto (he- having-heard) 

3. Words that share characteristics with nominals and verbs in their morphological 

features 

mamtat (coming) a verbo-nominal 

yataffa (he-who-was-Iost) a nomino-verbal 

4. Positional complexes 

watia bet (towards house) 

5. Other word classes 

Responsives-

m"ln (what?) lam"ln (why?) 

wadet or ya t (where?) man (who?) 

"lndet (how?) s"lnt (how many?) 

All languages have a way of expressing relations like 'in, on, before, behind , inside, 

outside, from, near, against. ... (Bender,1976). English has independent words that 
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precede the nouns they relate to. Other ways of expressing these relations are using 

prefixes, suffixes or internal modifications. 

Amharic has prefixes and post positions which occur with prefixes and sometimes 

without (io id.). For example most Amharic equivalents of the English 'inside, over, near, 

until , before, after' consist of two parts: a prepositional prefix and a postposition placed 

after the noun like the example below, 

Ke ....... . behuala (after) in the middle can be a noun or a verb 

h-?"') II;)~ 

Ke- misa behuala to mean 'after lunch' 

Amharic uses prepositional prefixes with both nouns and verbs. 

Ye-(of) 

Ke-(from, since, if) 

Le-/li-(for, to) 

Be-/bi-(at, by, if) 

'ye-' is also used wi th nouns to make a possessive. 

e.g. 

')W· sew (man) 

1'(IW· yesew (o f a man, a man's) 
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(" )W· ()..,. yesew bet ( a man's house) 

2.2.2 The Amharic Writing System 

Amharic alphabet consists of more than ] QO symbols that consist of letters (core 

symbols, special symbols and labialized symbols), numerals, punctuation marks and 

space . The Amhari c script does not have symbols for zero, negative, decimal point and - . ~ 

mathematical operators and hence borrows numerals from Arabic and operators from 

Latin script (Worku, 1997 as quoted by Dereje, 1999). 

Some punctuation marks used in English are also used in addition to those in Amharic 

depending on preferences of individuals, which for specific marks vary from wri ter to 

writer (Beletu, 1982). 

The core symbols have a main form and six other orders. The seven forms are just 

different combinations of a consonant with different vowels. The six non-basic symbols 

are formed by slight modification of the shape of the basic form almost uniformly for all 

core symbols. The core and six other orders for the consonants 'h, m, b, and k' are 

illustrated below (Visual Geez for Windows 3.x and Windows 9x Applications, 1995-

1997): 

u u- 'L 'I u U' 

h hu hi ha he H ho 
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OD "" 

m mu mi ma me M mo 

n q (1, (l 

b bu bi ba be B bo 

h h. 

k ku ki ka ke K ko 

The full set of the Amharic symbols incl uding numbers and punctuation marks (as taken 

by Beletu (1 982), from Merse Hazen Wolde Kerkos's work) are attached as Appendix 

I. 

The Amharic writing system does not have distinction between capital and lower case 

letters, i.e. all letters have the same case anywhere in a text. Unlike Arabic and 

fjeb rew, Amharic is written from left to right (Beletu,1982). 

2.2.3 Amharic Computer Fonts 

There are several Amharic fonts that have been developed over the years. Some of 

these fonts are (Agafari, Washra, Visual Geez, Power Geez, Alpas, etc (Adebabay, 1999 
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as quoted by Million, 2000). What makes Amharic coding different from English is that 

the number of characters in Amharic is more than 256 and the 8 bit character set for 

English is not sufficient. 
'-

----

l--- J 

Worku (1997) discusseS( two approaches that have been used to solve this problem. 

One, by assigning ASC~I va lues to a minimum number of characters, made possible by 

using common extensions to create the rest of the cllaracters from base characters . For 

example to represent all 5th order cllaracters only two extensions are needed to be 

extended to the base characters, thus saving 31 characters. ~econd, by splitting the 

characters into two different fon t fi les, one file contains the most frequently occurring and 

the second the rest. 

Thus there is no st~ndard Amharic code yet. This has created a problem for Amharic text 

users as it is not possible to access documents written by different bodies in different 

-+ fonts. This is also a big problem for posting and having access to Amhari c documents on 

the Web. As Worku (1997) quotes Abas (1993), a consortium created by a number of 

Amharic software companies has taken an initiative to setup an international standard 

code based on ,16 bit for Amharic, which is expected to solve the Amharic character 

representation and standardization problem. Currently the Ethiopian Computer 

Standards Association (ECoSA), according to tile ECoSA secretary has already defined 

the Ethiopic character set and presented it to Quality and Standards Association (QSA) 

for confi rmation. ECoSA has also projects held on character encoding that attempts to 

work in coord ination with UNICODE and in creating a keyboard layout for Ethiopic 

characters. 
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2.3 REVIEW OF INFORMATION RETRIEVAL WORKS 

Experimentation with retrieval systems in the English language has been conducted for 

long. Limited research works have also been made in some other languages like Arabic 

and Chinese (AI-Karashi & Evens, 1994). Two researches that were conducted on Arabic 

and one in Chinese are presented below. 

2.3.1 Comparing Words, Stems, and Roots as Index Terms in an Arabic 

Information Retrieval System 

A system for Arabic information was designed by AI-Kharashi and Evens (1994) to 

investigate the application of indexing and retrieval techniques on Arabic documents. In 

this system called Micro-AIRS, a microcomputer system for Arabic information retrieval, 

a series of experiments were conducted using 29 queries on 355 Arabic bibliographic 

records of computer and information science. 

Micro-AIRS structure has three main components: 

• User interface: consisting of a permanent menu and pull-down menus listed 

verticall y. 

• Command processor: that accepts a user request, validates it, and processes it. 

• Database handler. responsible for accessing and updating the data file. 
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a. Processing the Arabic Language 

Arabic is a Semitic language and hence has a grammatical system based on a root and 

pattern structure. Arabic words are classified into three main categories: nouns, verbs 

and particles. All verbs and many nouns are derived from the root verbs. 

b. Indexing process 

The frequency of index terms was not used as a measure for selecting significant terms 

for two reasons: 

1. As quoted by AI-Kharashi and Evens, Luhn's (1958) law that states that the 

frequency of occurrence of a word in an article furni shes a useful 

measurement of word signifi cance ~as not been verified with Ar~bic text, and it 

is not realistic to use it as a solid base for indexing Arabic text. 

2. The type of collection used to test the system consisted of a short title with no 

abstract except for few records and it is seldom to find a word more than once 

or twice in the same document. 

For the purpose of creating queries and making relevance judgement experts were 

required . A subset that covers a specific area was chosen for this reason. 

Spell checking was performed to clear spelling errors. The indexing process accepts 

plain text and extracts all words from every extractable fi eld in all database records 

(category, title and abstract). The length of any extracted term is limited to 25 bytes; if 

above that it was truncated. The index list is then sorted. 
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c. Creation of the word-stem-root dictionary 

A word-stem-root dictionary was created using the document collection. The dictionary 

was used during indexing and retrieval to identify the stem or root of a given word. 

d. Experimentation and evaluation of the Micro-AIRS system 

Graduate students in the area made 60 queries . 10 were removed because they were 

repetition. The 355 database records were divided into three sets. Three people were 

then giving queries and judging for relevance of the documents retrieved. The 

judgements of the three sets were then grouped together in a relevance judgement 

matrix. Out of the 50 queries only the 29 queries were found to have one or more 

relevant documents. Hence, only the 29 queries were used for the relevance judgement. 

Experiments made to compare words, stems, and roots as index terms in the retrieval 

system showed that root and stem retrieval methods were superior over the word 

retrieval methods. The root works as well as or better than the stem at low recall levels, 

and better at high recall levels. 

To rank the retrieved documents, the Cosine, Dice and Jaccard coefficients were used. 

The ranking process showed that all three similarity coefficients produced exactly the 

same ranking for all queries. 

2.3.2 Design and Implementation of Automatic Indexing for Information Retrieval 

with Arabic Documents 

Hmeidi, Kanaan and Evan (1997) made another experiment on a collection of 242 
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abstracts of Arabic documents whose contents were computer science and information 

systems. In the study both manual and automatic indexing techniques were implemented 

to select content bearing words from the document collection. A series of experiments 

were conducted on both manual and automatic indexing environments using words, 

stems ad roots as index terms. 

a. Data description 

Machine readable abstracts for Arabic documents were created. These abstracts 

contained records with categories, tilies, authors, sources, and abstracts. 

60 queries were later developed by Computer Science students. The abstracts were 

divided into six sets, each with 40 abstracts. Experiments were fina lly conducted with the 

queries. 

b. Indexing process 

To implement automatic indexing, the frequency of each word in each document in the 

collection was determined and the total collection frequency for each word was 

calcu lated by summing the frequencies of the word across all the documents in the 

collection. 

Upper and lower thresholds were then selected to remove non content bearing terms 

after observing the words in decreasing order of their collection frequencies. The high 

frequency and low frequency words were removed and the middle frequency words were 

used as index terms. 

25 



The most highly frequen t word had a frequency value of 1,105 and the lowest frequency 

was 1. The upper and lower thresholds were selected to be 240 and 3 respective ly. 

In th is experiment conducted by Hmeidi, Kanaan and Evan (1997) the number of running 

words in the Arabic corpus was 48,538 and the number of distinct words was 9,443 , 

making the token to type ratio 5.14. 

Hmeidi, Kanaan and Evan (1997) quote Yahya (1989) and sta te the number of running 

words per number of distinct words for texts of different sizes in Arabic and English were 

measured and found as presented in the table below: 

Length of Arab ic Distinct Arabic English Distinct English 

Text Words Ratio Words Ratio 

100 84 1.1 90 69 1.449 

200 149 1.342 124 1.613 

400 281 1.423 165 2.424 

800 507 1.578 328 2.439 

1600 902 1.774 621 2.576 

3200 1537 2.082 871 3.674 

6400 2715 2.357 1361 4.702 

12800 4895 2.615 2337 5.477 

16000 5775 2.771 2699 5.928 

20000 6956 2.875 3154 6.341 

Table 2.1 Token to Type Ratio on Arabic and English Documenls 
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According to Hmeidi, Kanaan and Evan (1997) the number of individual words in Arabic 

appears less often than English words for three reasons. First, verbs and many derived 

nouns are formed from roots. Person, number, gender, and tense are expressed by 

affixes . Second, subject and direct object pronouns are often combined with the verb. 

Third, the defi nite article "tbe" and the wQrd "ail9" as w.ell a~ s~vera l common 

prepositions are combined wi th the word following them wi th no word spaces . 

c. Stem and root indexing 

I To incre'ase the possibility of retrieving potentially relevant items, the Arabic words were 

stemmed and experiments were condu~ted with stems as index terms. Since Arabic ~s 

_a root pattern morphology, roots of words were also extracted. As in the case of full 

_words the stem and root words were ordered by their collection frequencies, and the high 
I 

~and low frequency words were removed from the index list. 

d. Experimental results 

The results showed that automatic indexing gives better results than manual when stems 

are used as index terms at recall level above 3.0 and when roots are used at a recal l 

level above 5.0. Automatic indexing is found better than manual indexing in cases where 

words are used as index terms. In manual indexing environment, using roots gives better 

resu lts than using stems or words. In automatic indexing environment, using roots gives 

better results than using words. When comparing between the root and stem indexing in 

the automatic indexing environment, the differences were insignificant. 
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2.3.3 Experiments with Automatic Indexing and a Relational Thesaurus in a 

Chinese Information Retrieval System. 

A series of experiments were carried out by Wa n et al. (1997) with an interactive Chinese 

information retrieval system named CIRS and an interactive relational thesaurus, where 

they found that thesaurus can improve retrieval effectiveness and automatic indexing 

techniques developed for English do work for Chinese. 

Chinese differs from English in the opposite direction to the difference Arabic makes with 

Engli sh. Chinese is more synthetic than English . Changes in gender, case, and number 

are usually unmarked in the surface structure, so that individual word frequencies are 

higher and inverse document frequencies are lower. Words in written text consist of one, 

two ,three or four characters or sometimes more but there are no word spaces. Hence, 

words cannot be identified in a manner in English. 

In th is research A Chinese word-segmentation system built by Lin in 1995 was used. 

Automatic and manual indexing experiments were cond ucted on CrRS, an experimental 

retrieval system that was implemented on Microsoft Chinese Windows environment. 

a. The system has the following major components: 

• User interface: allows query construction, execute the queries and display 

retrieved documents. 

• Inference engine: The inference engine performs searching using automatic or 

manual indexing. 
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• File management subsystem: provides data access to dBase III databases in 

order to support query construction and document display. 

b. Experimental procedure 

A collection of 555 abstracts in the area of computer and information science published 

by the Science and Technology Information Center, Republic of China was developed. 

Three graduate students , native speakers of Chinese, in Computer Science department 

of Illinois Institute of Technology formulated 76 queries, out of which 30 were taken and 

46 were removed for being redundant and some out of the scope of the collection. An 

expert who has M.S. degree in computer Science made the re levance judgment. 

c. Construction of the relational thesaurus 

As quoted by Wan et. al. (1997), the relations defined by Casagrande (1967) to level 

relationships between words was used to construct a relational thesaurus. Those 

relationships are: attributive, function, spatial , operational, comparison, exemplification, 

class inclusion, synonym, antonym, provenience and constituent. 

c. Indexing process 

A professional who has M.S. degree in computers science carried out the manual 

indexing process. Au tomatic indexing was faci litated by using a Thesaurus of Science 

and Technology, a dictionary that contains approximately 49,270 terms. Keywords 

automatically obtained from abstracts were chosen as index terms if they appear in this 

collection . 
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e, Experimental Results 

The experimental resu lts showed that the relational thesaurus improves effectiveness in 

both the automatic and manual indexing environments; and automatic indexing works at 

least as well as manual indexing , 

An experiment in English using relational thesaurus was made by O'Connor in 1980 as 

discussed by Wan et ai, (1997) and the result showed that better results were obtained 

'-
with relational thesaurus than without. 

2.4 SEARCH ING THE WEB 

Since its introduction in 1989 the World Wide Web has been growing in a very fast rate 

that there are documents that can be counted in terabytes and images, audio and video 

are also available (Baeza-Yates & Ribeiro-Neto 1999), 

There are basically two ways of searching documents on the Web, These alternatives 

are (Lager, 1996): 

• to use search engines that index a portion of the Web documents as a full-text 
- l ' 

database 

• to use Web directories that classi fy selected Web documents by subject 

2.4.1 Search Engines 

Search engines are computer programs that compile lists of documents on the Web and 

the contents of those documents (Microsoft® Encarta® Encyclopedia 99), Search 
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engines respond to a user entry, or query, by searching the lists and displaying a list of 

documents that match the search query. A number of search engines include the 

abstract of the text of Web pages in their lists, but others include only the titles or 

addresses (Universal Resource Locators, or URLs) of Web pages. Some search engines 

occur apart from the WWW, indexing documents on Intranets or local area networks 

(ibid .). 

Search engines create their listings automatica lly by crawling the Web. If people change 

their Web pages search engines eventually fi nd these changes (SEW, 2001). Search 

eng ines use programs called spiders (also called robot, softbot, wanderer, crawler, and 

fish) to search the WWW for new documents. 

A Spider is a computer program that automatically monitors Web pages on the World 

Wide Web (Microsoft® Encarta® Encyclopedia 99.). Most Web pages include at least 

one link to another Web page, and some include more. A spider takes advantage of this 

structure by starting at one Web page and working its way out by following every link on 

a Web page and then following every link provided by the new Web pages. 

Spiders save the URL, of every Web page they visi t. These spiders are used by search 

engines to build indexes of Web pages that users can access to search for information 

on a particular topic. Spiders often also store the title and partia l or complete text of a 

Web page so users can do more detailed searches. Some spiders store only URLs of 

Web pages that have not been listed yet in order to update lists or provide lists of new 

Web pages . Some spiders make note of URLs that are no longer val id in order to correct 

lists (ibid.). 
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2.4.2 Search Directories 

Unlike search engines, a directory depends on humans for its listings. Web page owners 

submit short descriptions representing their Web site to the directory, or editors of sites 

or interested groups submit sites in a special area. Changing the Web pages does not 

change the listing. A typical example of a search directory is Yahoo (SEW, 2001). 

The largest directory Yahoo has close to one million pages classified and specialized 

directories in other languages such as Danish , French, Korean , Norwegian, ... (Baeza­

Yates & Ribeiro-Neto, 1999). 

The Web coverage provided by directories is usually small, however, the answers 

returned are found to be more relevant (ibid.). 

2.4.3 The Anatomy of a Large-Scale Hypertextual Web Search Engine 

Page and Brin (2000) from the Computer Science Department of Stanford University, 

U.S.A. have presented the Anatomy of Google as described below. 

Google is a large-scale search engine wi th a full text and hyperlink database of at least 

24 million pages. Google is designed to sca le well to extremely large sets of data 

considering both the rate of growth of the Web and technologica l changes. 
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According to Page and Brin (2000), search engines have grown from academic domain 

• 
to the commercial. Most of them migrating in to being advertising oriented. Google aims 

at brining more development into the academic realm. Google aims to support research 

activities in large-scale Web data and create an environment where researchers can 

come in. 

The goal of designing Google was to increase search quali ty by avoiding junk results and 

increasing precision. Google makes use of link structure and ancllor text. 

Google has two features that enable it to produce high precision results. 

1. It uses the li nk structure of the Web to calculate a quality ranking for each 

page (Page Rank). Assuming page A has pages T1 ... Tn that point to it 

PageRank of page A is calculated as: 

PR(A)=(1-d) +d(PR(T1 )/C(T1) + ... +PR(Tn)/C(Tn)) 

where PR(A) is PageRank of page A 

d is damping factor (the probability that the "random surfer" which is 

given a random page and keeps on cl icking on links, but eventually 

gets bored and requests another random page). 

d can be set from 0 t01 (in Google it is 0.85), 

PR(T1) ... PR(Tn) are PageRanks of pages that point to page A 

C(T1 ) ... C(Tn) are number of links going out of the pages C(T1 ) ... C(Tn) 
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2. It utilizes links to improve search results 

Most search engines associate the text of a link with the page that the link is 

on . Google in addition associates the link with the page it points to. Its 

advantages are: 

• 

• 

Anchors often provide more accurate description of pages than the pages 

themselves. Anchor propagation mostly provides better quality results 

Anchors may exist for documents that cannot be indexed by ~ text based 

search engine (images, programs and databases). Hence they enable to 

access pages that have not been crawled. 

Other features of Google are: 

• It has location information for all hits and so makes use of proximity in search 

• It keeps visual presentation details such as font size of words, bolder and 

larger fonts are given a higher weight. 

• Full raw HTML of pages is avai lable in a repository 

Web crawling in Google is performed by several distributed crawlers. There is a 

URLserver that sends lists of URLs to be fetched to the crawlers. The Web pages 

fetched are sent to the store server where they are compressed and stored into a 

repository. Every Web page is given a doclO whenever a URL is parsed of a Web page. 

The {ndexer reads the repository, decompresses the documents and converts each 

document into a set of word occurrences called hits. The hits record the word, its position 

in document, approximation of the font size and capitatization. The indexer also parses 

all the links in every Web page and store information about them (where each link points 
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from and to the text of the link) in an anchors file. The URLresolver reads the anchors 

fil es and converts relative URLs into absolute URLs and then into dociDs. 

Google answers most queries in 1-10 seconds. Further, Google employees a number 

of techniques to improve search quality including Page Rank and proximity searching. 

Google has a complete architecture for gathering Web pages, indexing them, and 

performing search queries over them. 

2.4.4 Boolean Searching on the Internet 

Cohen (2001) has made a review on Boolean Searching on the Internet. Much of the 

searching on the Internet is based on the principles of Boolean searching which refers to 

the logical relationship of terms. 

The Boolean logic consists of three logical operators: OR, AND & NOT. OR logic is 

commonly used to search for synonymous terms or concepts. The OR logic collates the 

results obtained for at least one of the terms in the query. Hence as the number of terms 

in the query increases the number of documents retrieved increases. 

While using the AND operator, records in which both of the search terms are present are 

retrieved . The more terms in the query the fewer the records are retrieved using the AND 

, opera tor. 

There are few Internet search engines that use the proximity operator NEAR. NEAR is a 

more strict AND in that it also determines how close the terms should be found within the 
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document. Alta Vista (one of the popular search engines) uses the NEAR operator with 

a closeness of 10 words; which means there cannot be more than ten words between the 

AND separated search terms in the document. 

The NOT operator retrieves records in which one of the terms is present excluding those 

documents contain ing the second term (the term after the NOT operator). 

In Internet search engines the above logical operators are used in three ways: 

1. Full Boolean logic with the use of the logical operators. 

Some search engines offer the option to do fu ll Boolean searching . In this method it is 

possible to use any combination of logical operators in a query. Brackets are used to 

force the order of processing. 

E.g. (cats OR felines) AND behavior 

This could be a query to know about the behavior of cats. 

2. Implied Boolean logic with keyword searching 

In implied Boolean logic the space between keywords in the query is by default tal(en as 

either OR logic or AND logic. Many well known search engines, some being: AltaVista, 

Excite, Infoseek, and MetaCrawler default to OR. Google, AOl.COM, Lycos, and North 

Light default to AND. Implied Boolean logic is so common in Web searching that it may 

be considered a de facto standard. 

E.g. information retrieval 

Search engines that default to AND will retrieve documents with both the terms in the 

query above. 
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3. Predetermined language in a user fill-in template 

Some search engines have a menu from which you choose the logical operator (often 

the choices are Any of these words/Should contain all words). 
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CHAPTER THREE 

INFORMATION RETRIEVAL TECHNIQUES 

3.1 INTRODUCTION 

Techniques for storing. maintaining. and retrieving information from English documents 

have been studied , implemented and tested for more than a couple of decades. 

However, whether those techniques are appropriate to all other languages is not sure. 

Experiments have been done to adopt them for languages like Arabic and Chinese by 

including the specific features of the languages. 

This chapter discusses the basic information retrieval processes and text processing and 

indexing techniques, and different IR models available ,to develop an information retrieval 

system. 

3.2THE RETRIEVAL PROCESS 

An information retrieval system is a system that helps to retrieve documents or texts with 

information content that is relevant to a user's need (Jones & Willett, 1997). The following 

figure shows the framework of a text relrieval system as described by bRijsbergen (1996). 

38 



Query Similarity 
Computation 

Retrieva l or 
Similar 

Documents 

Figure. 3.1 The Concept of Text Retrieval 

Document 
S~I 

As shown in the above diagram, the information need of the user has to be translated 

into a query that can be processed by information retrieval (IR) systems. A query is a set 

of key words describing the summary of the information need of the user (ibid .). 

Similarity computation is then made between the query and the documents in the 

document collection. Documents in the set that have certain degree of similarity with the 

query and might be relevant to the user are finally retrieved (ibid.). 

In cases where the full text document set is large, an index file containing terms that 

represent each document in the collection is built. Since not all terms are equally 

important and not all documents are equa lly relevant index terms may be weighted and 

the retrieved documents may be ranked before they are sent to the user. In some cases 

the user pinpoints some of the documents as useful and initiates a user feedback cycle. 

The system then uses the user preferred documents to change the query formulation 

(Baeza-Yates & Ribeiro-Neto, 1999). 

There are severa l approaches in processing documents and subjecting them to be 

retrieved. The choice of which techniques to use for a given system depends on the type 

of infonnation avai lable and the output expected from the system apart from other issues 



such as language features. Important algorithms that are used in most information 

retrieval systems are discussed below. 

3.3AUTOMATIC INDEXING OF DOCUMENT CONTENTS 

To search documents for a query, there are basically two options (Baeza-Yates & 

Ribeiro-Neto, 1999). The first one is to scan the whole text of documents and find for the 

query term(s) in the documents. Sequential scanning of the whole text is preferred when 

the text collection is not large and when the text is volatile . However, this is practically 

very difficult in si tuations where the size of the documents in a document space is large. 

The second option is to bui ld a data structure over the text. This technique speeds up 

searching since you don't need to scan the entire text sequentially. When the text 

collection is large and semi-static, this method is preferable . 

An index term is a keyword or group of re lated words which has usually the semantics of . 

a noun (Salton & McGrill, 1983). The index terms could be taken from a complete 

document text, abstract, title only or perhaps a list of words from the Web document 

("Rijsbergen, 1996). Lycos indexes only the top 100 words of Web pages, and Infoseek 

indexes every :ovord in the Web pages (Lager, 1996). 

3.3.1 Systems Based on Inverted Files 

The preeminent indexing technique for most applications these days have become 

inverted files (Baeza-Yates & Ribeiro-Neto, 1999). An inverted file contains index terms 

and list of occurrences . Each of the occurrences (document reference numbers) uniquely 
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identify a document for which the given term is representative. Hence searching for 

documents for a given query involves searching for the query terms in the inverted file to 

obtain the corresponding occurrences. Finally, the identified documents are selected 

from the document file (Salton & McGril l, 1983). 

3.3.2 Automatically Producing Index Terms 

Producing index terms involves two basic tasks. First, documents are preprocessed to 

identify terms that are capable of representing the content of each stored document. 

Second, weights are assigned to each term, reflecting its presumed importance for 

purposes of content identification (Salton & McGrill, 1983). 

3.3.2.1 Preprocessing documents 

Before documents can be indexed, they are preprocessed to avoid characters or parts of 

words or words that could reduce the retrieval effectiveness of the system. Some of the 

most important text operations that are considered during indexing are: 

a. Lexical Analysis of the text: 

Lexical analysis is the process of converting a sequence of characters in a text to 

sequence of words (Baeza-Yates & Ribeiro-Neto, 1999). Characters that go with words 

but are not part of the words are eliminated. These characters are: digits, hyphens, and 

punctuation marks. 
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Yet, it is not always ideal to simply remove those characters. Numbers are not good 

index terms unless there is a surrounding context. For instance it is vague if one .uses 

1999 as a query term. But if death rate in Ethiopia in 1999 is taken then 1999 can be 

speci fi ed in the query. On the other hand, numbers may also exist together with letters as 

1 Oa.m ., 300B.C. , which may be important index terms. In Amharic there are similar forms 

like for example 1990 ) .. ~ .. ~ .. , which means '1999 G.C.'. 

Punctuation marks are in some cases important elements of words, when they exist 

within or between words, in the English language. Similar forms exist in Amharic. 

o Hyphens: some words can appear in both hyphenated and unhyphenated 

versions. The treatment of hyphens is critica l to retrieval of certain words that 

exist more as hyphenated. In Amharic some writers use hyphens for words 

like, /J/.-I~ar t.\·O-aJIIX· ",r:·Y·-M'.r: 1-"r:~' I '-'I'r-r) 

o Periods: periods can appear as a part of a word , such as computer fil e names 

(paper.htm),. In Amharic periods are also used in acronyms as in: 

1999 ),.h.h. a short form of )'}.p. ~,m·{:' :r ~, 'I""IIIlr: (to mean G.C.) 

p .. r: Dr. 

o Slashes, underscores: these can appear as parts of words in Amharic in cases 

like: 

') -/11,') ' to mean 'school' in short. 

mi l:' (Mrs.) 

Usually (dot) and I (slash) are used interchangeably to express short 

forms, like P·/r: fo r p .. r: 

Underscore is used as in between intervals for example 
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1/60_75 11,(\" "I /'·~" which means between 60 and 75 Kg . 

Problems similar to the ones above are usually solved by having general rules and 

specifying the exceptions case by case. But still there is no clear solution for this 

problem. Some Web search engines are opting for avoiding text operations altogether 

(Baeza-Yates & Ribeiro-Neto, 1999). 

b. Elimination of StoDwords 

Most automatic indexing techniques work with a stop list that prevents certain high­

frequency or "fluff words from being indexed (Harman, 2000). 

The assumption is that, words that are high-frequency function words are weak 

discriminators and cannot be used to identify documents. Such words are called 

stopwords or negative dictionary (Salton & McGrill, 1983). According to Baeza-Yates & 

Ribeiro-Neto (1999) in English these words comprise 40-50% of text words. 

Articles, prepositions, and conjunctions are comn)on candidates of stopwords. Some 

verbs, adverbs and adjectives could also be treated as stopwords. Elimination of these 

words is necessary as they resu lt in the retrieva l of non-relevant documents. In addition 

the size of the index is reduced wi th thei r removal (aRijsbergen , 1996). 

As discussed in chapter two, the structure of words in Amharic is different from English. 

In Amharic the definite article 'the' is used for masculine singular and masculine and 

feminine and plural nouns as a suffix -u, (ibid.). 

house 11':1' houses fl.r·T 
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the house the houses IL'Y' ; ~ 

women ,t.y.:r· 

the women ,t·n' 

In nouns ending with a vowel the suffix is spelt as 01' (w) 

cup (L'L 

the cup '\.'LO)· 

The definite article for feminine singular is also a suffix with three different forms 

cow 

the cow 

The indefinite articles (a and an) are not usually used in Amharic unless to avoid 

ambiguity, where in certain cases the numeral 'one' (I./y:) is used. One such example is 

could mean bring a chair or bring chairs 

can only mean bring a chair 

In Amharic prepositions in most cases occur as prefixes and in some cases as infixes 

(Dawkins, 1960). Simple Prepositions exist prefixed to nouns, pronouns and adjectives. 

f1),C'lll ~r,:h· 

Oonh. 'I 'i.';. 

lJl,"II.·. u,,"JU-

vaillt,. a'lll·?· 

Ila"'}:) ' II .. ?· ',m· 

!'9Lhis father 

he stayed at Jima 

I wrote with a penci l 

they went QJ:. car 

I came !LQill my country 

the wife Qf the servant 

it is in the bedroom 
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Infixed prepositions between verbs and objective nouns are used in Amharic. 

'i'It.'} tell me 

tell [Q[ me 

he works with it 

the judge judged against him 

he rose aga inst him. 

There are conjunctions in Amharic that occur as a separate word. Common once are: 

'" '" 

'T} 

l.IJ,eY" 

and 

however 

but 

or 

111J.'I'~ after 

ld\ II II 1I,.c' unless 

because 

before 

>.~' May also be occur as a suffix dropping >. alternatively. For instance one can write 

women and ch ildren or 

The above features of word forms have to be given consideration while trying to remove 

non content bearing words from Amharic text. 

There are two most known approaches of excluding non content bearing words from 

being included as index terms. One commonly used approach to building a stop list is to 

use one of the many lists generated in the past referred as controlled vocabulary. These 

lists contain many of the words that always have a high frequency, and also may contain 

"fluff,' words that may not have a high frequency (Harman, 2000). 
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The second approach is the one suggested by Luhn (1958). Luhn states that tile 

frequency of occurrence of a word in an article furnishes a useful measurement of word 

significance (aRijsbergen, 1996). To construct the stopwords , the word frequency listing 

of the text to be indexed is produced. Upper and lower cut-off points are then decided to 

cut the high and low frequency words with no importance in identifying the con tent of the 

document (s) from being index terms. 

Some Web search engines, however do not remove stopword s from index structure 

believing their removal will decrease recall (Baeza-Yates & Ribeiro-Neto, 1999). In 

phrases like 'to be or not to be' after elimination of stopwords the term 'be ' remains, 

which does not represent the phrase. 

c. Stemming 

There is a problem in retrieval usually as the word specified in a query of a user may not 

be found in the relevant document but the variants of the word are in a relevant 

document. To overcome this problem the substi tution of the words with thei r stems (a 

portion of a word Wllich is left after the removal of its affixes) is one method adopted 

(Harman, 2000). 

Many information retrieval systems also use stemming to replace all indexed words with 

their root fo rms (ibid.). 

Stemming is done for two principal reasons (ibid.): 

• the reduction in index storage required and 
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• the increase in performance due to the use of word variants. 

The simple prepositions discussed in section b above and other suffixes in Amharic can 

be removed by stemming. 

d. Construction of thesaurus 

Thesauru s is constructed for the expansion of the original query with related terms. The 

thesaurus provides a map of a given field of knowledge, indicating the relationship of 
. L. ) 

concepts, which in information retrieval help to index documents under all of the related 

terms (Foskett, 1997). 

3.3.2.2 Weighting 

Distinct index terms have varying relevance when used to describe document contents 

(Baeza-Yates & Ribeiro-Neto, 1999). The relevance of a term is then captured by 

assigning numerical weights, or values representing its importance. Term weighting is 

essential to systems that perform statistical or probabilistic ranking. 

There are various models of assigning weights to terms in documents and in queries: 

a. Term Frequency Weights (tf) 

Term frequency is obtained by counting the occurrence of a term in a document (Salton 

& McGrill, 1983). Total Collection frequency of a term is calculated as: 

TOTFREOk = L FREOik (for i ranging from ·1 to n) 
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WHERE FREO;k = the frequency of term k in document i 

n = number of documents in the collection 

This weighting method has been found misleading in that documents vary in their size. It 

is important to normalize ranking for length because otherwise long documents often 

rank higher than short documents, even though the query terms may be more 

concentrated in the short documents (ibid.). 

b. Inverse Document Frequency Weights (IDF) 

In determining IOF weights, the frequency of occurrence of terms is weighted by the 

number of documents in the collection that contains the term. If the term occurs in many 

documents it is weak document identifier and hence given a low weight. 

To calculate the IOF weight 

IOF = log2(n)-log2(OOCFREQK)+1 

WHERE n = total number of documents in the collection 

OOCFREOK = number of documents that 

contain term k 

The IOF weight is based on the premises that terms that uniquely identify a document 

are not found in every other document or in many other documents. But how frequently 

that term exists in a document is not taken into consideration (Salton & McGrill, 1983). 
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c. The composite Measure (tf"idf) 

The composite measure of term k in a document i would increase as the frequency of the 

term in the document (FREQiK) increases and decreases as the number of documents in 

the collection that contain the term k (DOCFREQK) increases. 

WEIGHTiK = FREQik * [ log 2(n)-log2(DOCFREQK)+1 j 

WHERE FREQik = tile frequency of term k in document i 

n = tota l number of documents in the collection 

DOCFREQK = number of documents that contain term k 

The composite measure assigns a high weight to terms occurring in only a few 

documents. The composite weight gives importance both to the distribution of a term in 

the documents in the collection and the frequency of occurrence of the term in the 

ind ividual documents (Salton & McGrill, 1983). 

d. The Signal - Noise Ratio 

The information content of a term can be measured as an inverse function of the 

probabili ty of occurrence of the word in a given text. The higher the probabil ity of 

occu rrence of a word in a text , the lower its information content (Salton & McGrill, 1983). 

INFORMATION = -log2P 

WHERE P = probabi lity. of occurrence of the word 

When a document is characterized by t terms, each occurring with a probabil ity Pk, the 

average information gained by using one of the terms is given by Shannon's formula as 
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AVERAGE INFORMATION = -L: Pk log2 Pk (k ranging from 1 

to t) 

The average information is maximum when probabilities of the terms are all equal to 1/t 

for t distinct terms. 

The noise for index term k for a collection of n documents is ca lcu lated as 

NOISE = L: (FREO,k /TOTFREOk )* (TOTFREOk IFREO,k) 

(for i ranging from 1 to n) 

e. The Term Discrimination Value 

The term discrimination value is the resolving power of a term with respect to a document 

(Salton & McGrill, 1983). The simi larity of all pairs of documents Oi and OJ in a document 

collection 0 can be measured as 

AVERAGE SIMILARITY =K L: L:S IMILAR (Oi,Oj) 

(for i and j ranging from 1 to n) 

WHERE K= a constant 

n is total number of documents 

When all the documents are identical the AVERAGE SIMILARITY becomes 1 

The space density is computed more efficiently by creating an artificia l average 

document (Dc) as the centroid, where the terms are assumed to exhibit average 

frequency characteristics. 

AVGSIM = K L:S IMILAR (Oc,Di) (for i rang ing from 1 to n) 

The discrimination value DISCVALUEk for each term k can be calculated as 
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DISCVALUEk = (AVGSIM)k - AVGSIM 

Terms can then be ranked in decreasing order of the discrimination value . The terms at 

the top are then highly specific and those at the end are more general. 

o Good discriminators have positive DISCVALUEk 

o Indifferent discriminators have close to zero DISCVALUEk 

o Poor discriminators have negative DISCVALUEk 

Weights can then be calculated as 

WEIGHTiK = FREQik • DISCVALUEk 

On the Web tile term frequency and inverse document frequency weights are highly 

used. Another approach is to consider the font sizes and boldness of text in the pages. 

Bigger and bolder text are considered more important (Page & Brin, 2000). 

Some new ranking methods rank pages with out considering the weights of terms. This is 

by using hyperlink information. The number of hyperlinks that point to a page provides a 

measure of its popularity and quality. Pages that have many outgoing links to popular 

pages are also considered of a high quality (Baeza-Yates & Ribeiro-Neto, 1999). 

3.4INFORMATION RETRIEVAL MODELS 

Basically there are three classic models in information retrieval: Boolean, vector and 

probabilistic (Baeza-Yates & Ribeiro-Neto, 1999). 
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3.4.1 The Boolean Model 

The Boolean model is a model based on set theory and Boolean algebra, The queries 

are represented as Boolean expressions that have precise semantics , Boolean model is 

adopted by many of commercia l bibliographic systems owing to its inherent simplici ty and 

neat formalism (Baeza-Yates & Ribeiro-Neto, 1999), 

The query in a Boolean model is made of terms linked by the logica l operators AND, OR 

and NOT, Thus, the presence or absence of a query term in a document only matters, 

The index term weights are assumed to be binary (0,1) (ibid,), 

An obvious way to implement the Boolean search is through the inverted file, To satisfy a 

query, the set operation corresponding to the logical connectives is performed. 

For the term Ki in the index 

Term Documents 

K1 D1 , D2, D3, D4 

K2 D1, D2 

K3 D1,D2,D3 

K4 D1 

For a query Q= (K1 AND 1<2) OR (K3 AND (NOT 1<4)) 

(K1 AND K2) = ( D1, 02, 03, 04) INTERSECTION (01 , 02) 

= (01,02) 

(1<3 AND (NOT K4)) = (01, 02, D3) - ( 01) 

= (02, 03) 
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(K1 AND 1(2) OR (K3 AND (NOT 1(4))= (D1,D2) UNION (D2,D3) 

= {D1, D2, D3} 

The result that satisfies the query is {D1, D2, D3}. Each element is true for the query. 

And hence the three documents are retrieved. 

The Boolean model has inherent limitations that lessen its merit for text searching. 

Boolean retrieval results in a simple partition of the document collection in to discrete 

subsets; those that match the query and those that do not meet. Thus, the Boolean 

model retrieval strategy is on the premises that a document having the term(s) in a query 

is assumed to be relevant without taking any weighting (grading) which decreases 

retrieval performance. In addition, there is no means to consider the relative importance 

of the different components of the query and also no partial much to the query conditions. 

Implying if term k1 exists in a document and the query q1 is k1 AN D k2, the document is 

considered total ly irrelevant (Jones & Willet, 1997). 

A slight modification of the Boolean search is one which only allows the AND logic but 

takes the actual number of terms the query has in common with a document This number 

is known as the co-ordination level and the searching strategy is ca lled simple matching 

(bRijsbergen, 1996). The documents are then partially ranked (there can exist more than 

one documents at any level) by the co-ordination level. 
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For the query Q above Q= K1 AND K2 AND K3 the following ranking is obtained. 

301, 02 

203 

1 04 

The simple matching search strategy avoids the need for the user to formulate a 

complicated Boolean query and gives an additional opportunity for getting ranked 

documents. 

Another alternative is to extend the Boolean model with the functionality of partial 

matching and term weighting. The extended Boolean model was introduced in 1983 by 

Salton, Fox and Wu to avoid the critique on the Boolean model (Baeza-Yates & Ribeiro­

Neto, 1999). For a query 

Qor=kl v k2 V ... v km 

Sim(qor,dj) =((X1P+X/+ ... +xmP)/m) l i p 

And for a query 

Qand=k l /\ k2/\ .. . /\ km 

Sim(qand,dj)= 1-( (( 1-Xl )P+ (1-x2)P+ .. . +(l -xm)P)/m) IIp 

Where Xi stands for the weight Wi,d associated to the pair [ki,dj]. 

1 5 P :2: 00 is a newly introduced parameter whose value must be specified at 

query time. For p= l conj unctive and disjunctive queries are evaluated by 

sum of term-document weights as done by vector-based formulas, which 

compare the inner product. Hence, with p=l the extended Boolean model 

behaves like the Vector model (ibid.), 

When p= l 

Sim(qorA)= Sim( qand,dj)=(x ,+ ... +xl11)/m 
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When p=oo 

Sim( qor,dj)= max(xj) 

Sim(qand,dj)= min(xj) 

Boolean query processing is at the heart of most commercially available retrieval 

systems (Takkinen, 1996). The Boolean search strategy is integrated with most search 

engines on the Web today because it is fast and can therefore be used onl ine. Some of 
,. 

the search engines that integrate this strategy are: Lycos, Infoseek, Alta Vista, Excite, 

and Magellan (Lager, 1996). 

The extended Boolean strategy is used for the system in this research due to its 

simplicity for users with match on all words or match on any words and because the 

Boolean search is known to be fast way of searching especially for document collections 

of large size like those on the Web. 

3.4.2 Vector Model (Vector Space Model) 

The vector model regards index terms as the coordinates of a multidimensional 

information space (Salton & McGrill, 1983). The vector model introduces the possibility of 

partial matching. Terms are assigned non-binary weights in queries and in documents. 

The degree of similarity between the documents in the document space and the user 

query are computed. The output will then be a ranked set of documents in order of 

decreasing the degree of simi larity. 

For Wj,q being the weight associated with the pair [kj,q]. The query vector q is defined as 
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The vector of a document dj is represented 

dj=(Wl,j, WZ,j,' " ,WI.j) 

where t= total number of index terms in the system 

Therefore a document dj and a user query q are represented as t-dimensional vectors as 

q 

Fjgure. 3.3 Cosjne of 0 Taken as sim(dj,q) 

The degree of similarity between a document and a query q is evaluated as 

Sim (dj,q) = 

Index term weigh t can be calcu lated in any ways discussed in subsections above. 

The main advantages of the vector model are (Baeza-Yates & Ribeiro-Neto 1999): 

its term weighting scheme allows better retrieval perfo rmance, 

its partial matching ability allows to retrieve documents that approximately 

match the query 

its ranking formula allows to sort documents according to their degree of 

similarity to the query. 

The vector space model , however, has some shortcomings like the need for many query 

terms for discriminating among documents, which is very easily done by the use of AND 



in the Boolean model. Synonymic and phrasal relationships which are easily handled by 

OR and AND in Boolean model are difficu lt to specify in vector model (Salton & McGrill, 

1983). 

3.4.3 Probabilistic Model 

The probabilistic model attempts to solve the IR problem with in a probabilistic framework. 

The whole idea is, given a user quely there is a set of documents which conta ins exactly 

the relevant documents and no other. An interaction with the user is initiated to improve 

the probabilistic description of the ideal answer set of relevant documents. The process 

goes on in such a way that the user judges the documents retrieved for relevance and 

the system uses the user feed back to refine the ideal answer set. This process is 

repeated until the ideal answer set becomes close to the real answer set (Baeza-Yates & 

Ribei ro-Neto, 1999). 

Conditional probabilities are used in ca lcu lating term weights. 

Pt = P(term t is present in document I document is relevant); and 

Qt = P(term t is present in document I document is non relevant) 

The following presents the frequency table used to estimate conditional probabilities 

(Salton & McGrill, 1983). 

Term t Relevant Non-relevant Total 

Present R nor N 

Absent R-r N-n-(R-r) N-n 

Total R N-R N 

Table 3.2 Frequency Table to Estimate Conditional Probabili ties 
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Where N is the number of documents in the collection 

R is the number of relevant documents for query q 

r is the number of relevant documents for query q having term t 

n is he number of relevant documents in the collection having 

term t 

The probability that term t is present in a relevant document and the probability that term 

t is present in a non relevant document are estimated by (r/R) and (n-r)(N-R) 

respectively. 

The probabilistic model makes an initial guess to separate relevant and non-relevant 

documents and assumes all terms in a document have a binary weight. I.e. there is no 

consideration of their frequency (Baeza-Yates & Ribeiro-Neto, 1999). 
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CHAPTER FOUR 

EXPERIMENTATION 

4.1 INTRODUCTION 

In this chapter, the creation of database, Web page submission form design, search 

interface design and automatic indexing design and implementation for Amharic Web 

documents are presented. The properties of the Amharic language and the information 

retrieval concepts discussed in chapters two and three are taken into consideration in the 

implementation. 

To store the content and address of the Web pages, a database is created and the 

contents of the Web documents are indexed. A form that allows Web page submission 

and interfaces for query input and retrieval of documents are also designed. The 

effectiveness of the prototype system is fina lly, tested against recall and precision. 

In tile prototype system developed, tw.2, inverted index files are generated. One of the 

fil es contains ~I I wQr:Qs as index terms, whi le the other contains index terms with prefixes 

and suffixes removed from them. 

4.2 DESCRIPTION OF THE PROTOTYPE SYSTEM 

The prototype Amharic information retrieva l system designed has tile components 

described in I" igure. 4.1. The different components are designed to meet the 

requireillents tilat are identified necessary for the system. 

59 



Web page 
submission 

Query 
submission 

Database 

Submission processing 
and confirmation 

Content and 
address of 
Web 
documents 

Suffix 
list 

r-----'I'--------,~tems with 

Query 
processing 

Output 
rli<.:nl~v 

Word 
inverted 

_--T- r fi Ie 

--.c:::.::::--------- -
"'.''-.., ----···1----,-- . 

., 1-- .... ---... 
" 

~~ ........ ~ 

............. ~ ... 
"- .......... 

doc. freq. 

Stem 
inverted file 

Figure. 4. 1 General Description of the Prototype IR System Components 
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Web Page owners submit their Web pages to a database where they can be indexed 

and made available for searching. In add ition, the database consists of a suffix list 

that contains a total of 69 concatenated and individual suffixes. Word and stem 

inverted indexes are generated from the above files. Lists of stopwords are obtained 

by a procedure discussed in section 4.5.3 from the two inverted indexes. 

A query input interface that al lows extended Boolean searching with all words or any 

of the words in the query is designed. A ranked output of documents containing the 

title of each document retrieved with a link to the Web page, and the top 150 

characters of the document is displayed after processing a query. 

The detail of the prototype system design is discussed in the following sections . 

4.3DATABASE CREATION 

A database has been created using Microsoft Access 97. The database consists of 

fil es that contain data that are relevant for the application of information retrieval 

techniques that were integrated with the system. 

Bibliographic information of the Web documents includes the title, the URL and th e 

abstract (for the experiment in this study the news article itsel f is taken). An 10 (O ld) 

is assigned to the record the moment a Web page is submitted. Tile data description 

of this fi le is the one below: 
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tblarticle 

Attribute Data t)'pe 

Old Autonumber 

Title Text 

Article Memo 

URL Text 

Table 4.1 Data Description of Web Pages Submitted 

'OId, 
, 
~5MiA·rticle~~<t~,.g~.~ ~&!'!lJ.~~uRI!·',ffi..ih'y\1 I ·;','i#;''''t/'Title·,''''1j,·~iv 

t 86 ), f:'1' 1}~11 ill 993i'I' ~ •. "'li I'~-MU' http://telecom/news ' ~-MU' 
Ull '} "/ .Ip .1· nell 1,r,·r, '·r·'} (, ;htl'r" ')"} /010493 14.htm fn, '}>H ,fI'/"} F. t''1''1JJ 

Ii -/'t'\ .c' r. tH ,t/lI :r· ;h1iC 28 (j·!WI 'l~ 1, r, .)'. :r· T ~\ ff1J6'1 •• ).r; 
fI -/'lIff fl t.tlt "" /-",fj:l.. 1,'}}t"'lI.·:,:m'l" ,),'Ir,.),,} '\ .e(};I~,) 

187 WAf., J" il ' ) 11 ill 993i'1'>. ;~II li~.'} J: :,-, -, , http://telecom/new5 
-----.. ---7-
f~(l, 'l - "' '''' (J)'c';c1' 

mtll')' 300 ·ne: II O'LJ.,. n A '),'1 - (JI'I' /01049315.htm tI,,'/JIV,.r: 1\)\ ·}.I~ • • ). 

aJ'e}"f (l 0lJ t.t19u Ill,em;): ,,'}.I •. pAr;: WII,:,- (h,eOl')-

M':C::II:, JJt\llJ'.,. -"/Ilcol n",',"I'C PC: I (m'I'tj . ·)- 9")n e:,----_. -- - -> - - .. -~. - -- ----~- ' ---

Table 4.2 Sample Data in 'tblarticle' 

The suffix list consists of lists of suffixes , cC!ncatenated and npn-concatenated (basic 

suffixes). Amharic has suffixes that can be attached to verbs to indicate tense, 

person, number, gender, position and polarity. There are also suffixes to nouns that 

are either plura l markers, possessive pronouns, object markers or conjunctions with 

attributes of gender, number and person (Abiyot, 2000). 

A number of inflected words are also formed by concatenating the suffixes . The list of 

the basic suffixes and concatenated suffixes are obta ined from those used by Abiyot 

in designing Aillharic word parser. However, infixes that ex ist in Aillharic words and --
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some prefixes and suffixes that rarely exist are not considered. The data description 

of the suffix list is: 

tblsuf 

Attribute Data type 

suffix Text 

Table 4.3 Data Description of the Suffix List 

I~Suffix~"iVl 
<" 
f...'-. 

(",'(1' 

J' :r. 
Y"I: 
9J:1:r,' 
91:1:(,9" - .. . _._- .. 
9' ;': r,"} 

Table 4.4 Sample Data in 'tblsuf 

Prepositional prefixes that are frequently used with both nouns and verbs (1', n, fl, h) 

are also removed . As they are few in number it was not necessary to store them in a 

fil e. 

The oth er fi les that exist in the database are generated from the above mentioned 

database files. A file 'tblwords' with the data descri ption shown below is designed. 
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tblwords 

Attribute Dat<VYQe 

Old Text 

Word Text 

Freq Number (long integer) 

Table 4.5 Data Description of Terms with Their Document Frequency 

Table 4.6 Sample Data in 'tblwords ' 

The data in 'tblwords' is obtained from 'tblarticle' . The document frequency (Freq) in 

'tblwo rds' is necessary for the calculation of term weights that wou ld be used for 

ranking during retrieval. In fact 'tblwords' was bu ilt primarily for this reason. Freq is 

the frequency of the term in the document with reference number Old. The terms are 

taken from the Web documents is 'tblarticle' and the frequencies of the terms are 

obtained by counting til e number of times each term exists in a document. 

The inverted file 'tblindex' is bui lt from 'tblwords' . The index fil e contains terms with 

the li st of their occurrences. The frequency 'TotFreq' is the frequency of each term in 

the total col lection. The total co ll ect ion frequency is calculated to identify terms of 

high freq uency in the collection. This helped in cutting off the high frequency terms 
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that need to be removed from the index fi le being recognized as words with no 

content. Those terms have been included in the list of stopword s, 'tblstop'. 

tblindex 

Attribute Da ta ty~ 

Old Memo 

Word Text 

TotFreq Number (long integer) 

Table 4.7 Data Description of Word Inverted File 

[1,(.\,,,,·1: 
II'>.. ·}t'·i\·.r' 
I "" ' IIIe: 

Table 4.8 Sample Data in 'tblindex' 

tblstop 

Attribute Data ty~ 

Word Text 

Table 4.9 Data Description of Word Stoplis t 
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Table 4. 10 Sample Dala in 'lblslop' 

Suffixes and prefixes are removed from terms in 'tblwords' and those terms are 

placed in 'tblstem'. Th e frequency of each term in each document is also included, 

which is later used in determin ing term we ights for ranking . The data description is: 

tblstem 

Att ribute Data t'il2e 

Old Text 

Stem Text 

Freq Number (long integer) 

Table 4.11 Data Description of Stems with Til eir Document Frequency 

Table 4.12 Sample Data in 'tblstem' 

From 'tblstem' is generated th e inverted file 'tstem'. The data descript ion of tstem is: 

tstem 

Attri bute Data t'iQe 

stD ld Memo 

Stem Text 

StTotFreq Number (long integer) 

L--. 

Table 4.13 Dala Description of Stern Inverted File 
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Table 4.14 Sample Data in 'tstem' 

After determining non content bearing terms from the inverted file, a list of stopwords 

'tblstopstem' has been generated. 

tblstopstem 

Attribute Data type 

Stem Text 

Table 4.15 Data Description of Stem Stoplist 

If.~,fsto~~ 
l~.e 

·nr. 
,'/-

1

';;;;oIlA ---

j" 
~l,,; A'-----I 

~_:)_;;:(_-:;;:r_ii=,-_ 

Table 4.16 Sample Data in 'tblstopstem' 

The I Ds in the inverted fil es have a data type memo. This is because they consist of 

the list of occurrences of tile terms separated by a comma .. The list may be large for 

terms found distributed in many documents. 
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4.4WEB PAGE SUBMISSION 

Web pages are submitted into 'tblar·ticle' discussed in section 4.3 by Web site owners 

th at desire to make their Web pages available to information seekers . 

A Web page submission form has been developed using Cold Fusion 4.0 studio to 

allow the submission of these Web pages. On the interface are input boxes that 

request to enter the Title, abstract, and URL of the Web page. The page submitted is 

instantly assigned an 10. The 10 (Did) in 'tblarticle' has an AutoNumber data type and 

hence adds its value as the page is submitted . The Web page submission form 

'Submitform.cfm' looks like the one below: 

'13 ·· 
f'l!ll 1{)$P'} t\"1ltt.hll hrLt} O;J---':f· .Pt\av} 
c:.c~ f!,oP-h:-~ ~ 

eM} : 

h~~lf (URL): 

-------- ·------1 

Figure . 4.2 Web I'age Submi t Form 
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The titl e (CM'l) and abstract (.('./1:/') are to be input in Amharic whi le the URL is in 

Engl ish. With the press of the 'Mlt.lHI' (submit) button the va lue of the input boxes is 

passed to a second form 'Submitprocess.cfm' where the submission to the database 

actually takes place. ~.):' f) 'It) ~.9"{// is equ iva lent to reset in Engl ish. 

Server-side form val idation is performed to control that the form be fill ed completely. 

A Null va lue is not accepted as all the th ree attributes are important. Hence, for 

example a message "Title is required!" is sent to the user if the user tries to put a nul l 

va lue for 'Titl e'. 

<lI><FONT FACE="VG2 MAIN"> R:S</FONT>:</u><br> 
<input narne="Title" size="40" maxfengtl1="50" STYLE="FONT-FAMIL Y: VG2 main" > 

<input type = "hidden" name="Titfe_required" value = "Title is required!"> 

The 'submitprocess.cfm' form accepts values from the interface and inserts them to 

the corresponding attributes in 'tblartiCle'. 

<c(query dafasource="source"> 
insert into document (Title, Article, URL) 
values (,#Tilie# ', '#Articie#', '#URLlI) 
</cfqueIY> 

A confirmation page li ke the one below is then displayed to confirm the submission of 

th e page. 

16 http://telecom/sabaldoc2001.cl'm -tt.!J(l,A 

Figure. 4.3 Web Page Submission Confirmation 
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4.5AUTOMATIC INDEXING 

Scanning every document in a large collection like the Web is not advisab l ~. in 

modern information retrieva l. Hence in this study indexing the Web documents 

(representatives of the documents) has been taken as a better option. The 

documents are indexed to produce index terms with the reference numbers of the 

documents they exis t in . 

For the purpose of this experiment , contents of Web pages containing only news 

articles in Amharic were inserted in the database. 

The documents have been preprocessed to prepare them for th e application of 

information retrieval techniques as discussed below. 

4.5.1 Document Preprocessing 

Web pages that contain news in Amharic published by Walta Information Center are 

taken as a test document collection. The pages included for the experiment are 313 

in number. The Actual Web pages are available in a Web site, where they can be 

accessed by the user in response to their queries. It is these documents that are 

submitted to a database where they are indexed. 
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4.5.1.1 Selected document part 

The nature of the Web documents collected is that they have tiUes and the article 

itself. To obtain index terms that could represent the news articles , a choice of what 

part to index had to be made. Alternatives available were to take: 

• the title, 

• celiain number of words or sentences from the body of the article, or 

• U·1e entire article. 

Among the alternatives indicated above , the entire article was preferred for the 

reason that it is better representative of the content, and th e articles are of a size 

mostly around half a page, a few fu ll page and ve l·y few past a page which was an 

encouragemen t th at it won' t be taking much space to index or to store the entire 

article . 

4.5.1.2 Identification of index terms 

Lexical analysis has been made to identify words in the Amha ric text collections. 

Characters that exist with words but do not take part in the semantics of the words 

have been removed in this process. 

Punctuation marks were removed at this stage. In written languages, punctuation 

marks are used to clarify meaning, to help convey emphases and breathing 

pauses, to indicate sentence structure, and to enhance readability (Microsoft® 

Encarta® Encyclopedia 99). BlIt these marks do not have a meaning lhat is related 

to the cOlltents of documents. Hence in lhis lesecm;h they are removed with the 
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exceptions of hyphen, period and slash for the reason discussed later in this 

section (- ,. &/). 

Punctuation marks vary from language to language and preferences for specific 

marks va ry from writer to writer. In Amharic there are punctuation marks that are of 

Amharic and some that are borrowed from Latin (Beletu, 1982). Writers may on ly 

use some of tilose punctuation marks as they prefer. The punctuation marks dealt 

with in this I·esearch are those that exis t in the VG2 Amha ric writing software, 

because they are th 3 only ones writers using th is softwa re can make use of. 

Those punctuation r la rks are :: : : : - ? / . « » 

(equ ivalent to period in Eng lish) 

( used to separate words, but not used by most writers of modem 

Amharic and is not used in the news articles collected for this 

resea rch) 

., (equ ivalent to comma in Eng lish) 

(equivalent to semi-colon in English) 

(equivalent to hyphen in Engl ish) 

? (equivalent to question mark in English) 

/ (equivalent to slash in Engl ish, usually used between letters in 

Acronyms , in telephone numbers , in identification numbers and the like) 

(used between letters in acronyms) 

« (equivalent to double quotes in Engl ish, used before the quoted 
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part) 

» (equivalent to double quotes in Eng lish, used after the quoted part) 

For the removal of punctuation marks that exist at the end of words (' ? ») the 

fo llowing code is used: 

/I Mid(article. n - 1. 1) = "y," Or Mid(article. n - 1. 1) = ",, " Or Mid(8I1icle. n - 1. 1) = ..... Or Mid(81ticle. n-
1. 1) = 'J" Tiren 

article = Mid(article. n + 2) 
Else 

artide = Mid((lJ"lic/c, 1/ + /) 

The punctuation mark C) which is made of two :s and exist at the end of words is 

removed using the code below: 

/I Mid(arlicle. n - ' . 1) = "Y" Tlren 

article = Mid(article. n + 3) 
Else 

urticle = Mid(arricle, II + I) ~ 

The one that cou ld exist at the beginning of words (") is removed as fol lows: 

If Mid(article. n + 1. 1) = ",," Tlren 
article = Mid(arlicle. n + 2) 

Else 
article = Mid(arlicle. n + 1) 

Not all pu nctuation marks in the documents are re moved. The punctu ation marks 

I(slash),. (period) and - (hyphen) are left as pa rt of the index terms. These marks 

occur between letters or between words and to leave them wil l allow the retrieval of 

words th at contain them. In case of hyphenated words, the word s are included into 

th e index file as a single term. However, in some cases writers insert space before 

and after the hyphen. Those are considered as separate words. So on ly those with 

no such spaces are considered as one term. 
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Numbers were not re moved hoping they may increase recall and because they 

were not found di sadvantageous as numbers in the collection were not many. 

4.5.2 Algorithm Of Automatic Indexer 

The index terms were placed in two fil es in light of determining the document and 

collection frequencies of each term. These two frequencies are important in 

calculating the weight of th e terms in order to rank the documents during retrieva l 

and in identifying non content bearing terms respectively. The code fragment used in 

developing these two files from the 'tblarticle' relation containing the articles is as 

shown below: 

Start 

Set the workspace and the database containing the Articles 

Set Ws = DBEngine. Workspaces(O) 

Set Db = Ws.OpenDa tabase(AppPatll & '1Ilews.flldb'j 

Set a record set from 'tbIArticle' 

sqJlexl'" "seleci .. /rOIll tblArticle" 
Sel Us = Db.OpcIIRccordsct(sq ltext) 

Move to th e beg inning of the first record and assign th e va lue of the Article fi eld and 

the valu e of the Did fi eld to the variabl es alt icle and Old respectively 

/?\·. M o)1cFirSI 
While No/lls.EOF 

Arlicle "" Rs/Article 
DId ~ IIs'Dld 

Start reading from the beg inn ing of the article. Remove any punctuation marks (in this 

case only « ) before the first word in the article and assign the remaining part of the article 

to the variable a/tic/e. 
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11 Mid(article, n + t, 1) = "«" Then 
article = Mid(.lrticlc, II + 2) 

Else 
arlicle = Mid(article, n + I) 

Start reading from th e beginning of the article until you get a space and remove 

punctuation marks at th e end of the word and put the string read into an array. 

If the word exists in the array previously only increase the va lue of the frequency of 

the word by 1 . 

/fMid(a/'ticfe,lI- /, /) = "'h"OrAlid((lrfic/('," - I, I) = "/"OI'Mid(article, II - J, /) = "''' OrMid(article, 1I - I, I) 
= '')'' 71'CII 

Loop Ull lil Arrwonl(j - I) = Micl(ArlicJe. I, /I - 2) Orj = i 

Else 

/fArnl'Ordlj - 1) = Mid(Ar/ide, /,1/- 2) 71,cl/ 
;1r/'Fn'q(j - J) = ArrPr('q(j - I) + I 

Anworri(i) = Alid(Artide. /, /I - 2) 
Al'rFreq(i) = , 

Remove the punctuation mark (::) if at the end of the word 

11 Mid(article, n - t, 1) = '"i''' rhen 

article = Mid(article, n + 3) 
Else 

article = Mid(article, n + 1) 
End 11 

If no punctuation marks are found at the end of the first word in the article, read until 

you get a space and simply put the string read into an array. 

If the word exists in th e array previously only increase the value of the frequency of 

the word by 1. 

Loop Until ;lrnvord(j - J) = Mid(;lrticle, I, n - J) Or) = i 

IjA rnvor"(j - I) = Mi"(A rticle, J, n - J) 7hen 
A,.,Freq(j - J) = Arrrreq(j - I) + I 
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Else 
Al'rlval'd(i) = Mid(Al'licle. I. /I - I) 
Anrl'eq!i) = I 

Remove th e punctuation mark (" ) before the first word in the remaining part of the 

article using the same code that is used to remove (,,) above and assign this value 

(the remaining article) to the variable article. 

Repeat th e above procedures until the end of the fil e. 

Insert the values of the arrays lin'll'onl(i) and AnFl'eq(i) into the attributes word and Freq 

in 'tblwords' . 

.AddNeIV 
flVord = Arnvord{n} 

fjreq uelle)' = 1!J((AI'I'Fl'eq(Il)) = "". O. AI'I'Fl'eq(Il)) 
!Did = Old 
. Update 

From the 'tblwords' re lation put the first va lue of the word attribute to the word 

attribute in the relation 'tblindex' and in se rt its frequency and document ID to the 

Totfreq and Did attributes respectively . 

. AddNew 
!word = Rssfword 
ffrequency = Rss!frequency 
fOld; RssfOld 
. Update 

Read the second va lue of the attri bute word in the 'tblwords' relation and compare it 

with the va lue (values later on) already in th e word attribute of the 'tblindex' relation. 

If the values are the same, add the frequency of this term to the one in the 'tblindex' 

re lation and append its Old after a comma to the Old in the 'tblindex' relation. 

Continue doing this until it is th e end of the 'tblwords' file. 
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!frequency = Rss!frequency + !frequency 
Wid = Rss'Dld & "," & told 

The 'Tblstem' relation is buil t from the 'tblwords' relation after removing the prefixes 

and suffixes from the index terms. 

If th e length of the index term is greater than 2, search for the longest match of suffix 

from th e suffix list "tblsuf' . 

sqtext ; "select· lrom tblsuf' 
Set RsSuf; Db.OpenRecordsetlsqtext) 

For q; 3 To m 

Else 

RsSuf.MoveFirs l 
WIJife Not RsSufEOF 

If MidlTerm, q, m) = RsSuf!suf Til en 
Stem; MidlTerm, 1, q - 1) 

RsSuf. MoveNext 
End If 

Remove the prefixes (f', n, 1'1, II) if found at the beginning of the index terms, 

If MidlStem, 1, 1); "k" Or MidlStem, 1, 1) ; 'r" Or MidlStem, 1, 1) = "b" Or MidlStem, 1, 1); "I" 
Tilen 

Stem; MidlStem, 2, q) 
Else 

Stem; Stem 

The inverted file 'tstem' is generated from 'tblstem' the same way 'tblindex' is 

generated from 'tblwords'. 

4,5,3 Identification of Non Content Bearing Words 

As discussed in chapter three of this paper, non content bearing word s can be 

removed from documents by two common methods: by removing high and low 

frequency terms from the document collection or by using a negative dictionary that 

has been prepared in advance for that language. 
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The first alternative was considered for this research because there is no negative 

dictionary for Amharic words that was developed previously that is accessible and 

developing it is out of the scope of this research work. 

Hence, documents in the document collection were indexed and the index terms 

sorted in the order of decreasing frequency of occurrence. 

Tile token to type ratio (number of running words divided by the number of distinct 

words) obtained is as shown below: 

Term 

Word 

Stem 

Length of text 

48058 

48058 

Distinct words 

13949 

9941 

Table 4.17 Token to Type Ratio of Words and Stems 

Ratio 

344 

4.83 

This ratio is not big when compared with that of Engl ish that is discussed in chapter 

two. Inspection of terms sorted in descending order showed a maximum frequency of 

497 which goes down to a minimum of 1. After observing non content bearing words, 

the upper threshold was decided to be a frequency of 161. Low frequency words 

obtained during indexing were many and a significant number of them were with 

content. The highest frequency for suffix and prefix stripped terms was 555. Terms 

with a frequency of 169 and above were considered as non content bearing words. 
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Some of the words with a high frequency are: 

'} 

2 19 

Table 4.18 Sample Data of High Frequency Words 

During this indexing proces~problems were encountered in using the Amharic 

software. These problems are: 

1, The character ;}. (-. in English) and the character & (11 in Eng lish) were n~opied 

from the art icles to the words in 'tblwords' re lation. If there existed a word with any 

of these letters, it was taken after removing the character. 

2. The second problem was that the ,character /'" (I in English) was not read as a 

string value by visual Bas ic and it displays an error message. This problem was 

also encountered when th e cllaracter was found in query terms wllile searching, 

So to handle this case during indexing al l the /'" characters in the aliicles in 

'tblarticle' relation were substituted by another character (il) which serves the 

same purpose (some cha racters in Amharic have alternative characters). 
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4.6SEARCHING FOR INFORMATION 

Documents being available somewhere th e users or information seekers are 

provided wi th a tool to search and find the information they need. For this purpose a 

query input interface that looks like the one below was designed. 

co Ov-I\o¥" :1' A LA '7 

r , O-f-1'f..,. :1'A LA'7 

Figure 4.4 Query Input Interface 

Query terms will be entered in the input box and there are two options offered for 

extended Boolean search ing. One can choose to search with all terms in the query 

(AND) or has the alternative to search with any of the terms in the query (OR). By 

default search is performed with all the terms in the query. 

The following code shows how query terms are received and validated. 

<CFFORM action = "SearcIJOutpvtlnletiace .cfm" method;; "post" > 
<i"pul NAME="keyler"," TYPE="lexl " STYLE="fo"l-family: VG2 ",ai,,"> 
<input type;; "hidden " name="keylerm_required" value :::: "Key term is required!"> 
<br><br><inpul lype="submil" value="iLG" STYLE="fonl-family: VG2 mai,, "> 
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</CFFORM> 

Null value is not valid hence the message "Key lerm is required!" is sent to the user if the 

user tries to search a null va lue. 

Each of the query terms are searched in the 'tblindex' relation, a word at a time. 

<1--- Retrieve document ids corresponding to tile query term ---> 

<cfquery name="GeIResulls" DATASOURCE="dala" cachedwilhin='~lcrealelimespan(O,O,8,O)#"> 
selecl lblindex.Dld as ind, Iblindex. word as IeI'm 
from lblindex 
</--- Tile cf/oop in the where statement helps to make a search (or each word in tile input key terms and 
retrieve documents for each term using the AND operatof---> 
WHERE (0=1 
<cfloop Iist=',#keyterm#" index="{hisword" delimiters=" "> 

or (word like 1Ilhisward#i 
</cllaap» 
and word nal in (selecl slop 

from Iblslap 

</cfquery> 

WHERE (0=1 
<cllaap lisl='1Ikeylerm#" index="lhisward" delimilers=" "> 

or (slop like 1Ilhisward#i 
</cllaap» ) 

The cfloop in the where statement treats the query terms as elements of a list and 

makes a search for each element in the list using the OR operator. The document 

identifiers retrieved corresponding to a single term could be a list of document IDs or 

a single value. Because a single term for instance could be identifier of many 

docu ments like: 

Term1 d3,d6,d8,d19,d37,d62,d91 

Or a term may only be identifier of a single document like 

Term2 d9 

If a term in the query is a stop word, the subquery identifies it and is excluded from 

the query. 
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Each element in the li sts obtained in the query 'getresults' above is then compared 

with the document IDs in the 'tblarticle' re lation. 

When searching with all word s, only documents containing all the terms in the query 

are considered as the possible re levant documents. 

<1--- Relrieve dacumenllitle and URL and a pari of/he article for Ihe SELECT bax--> 
<cfquery name = "final" da lasaurce="dala" cachedwilhin="lIcrealetimespan(0,0,8,0)/I"> 

selecl lblwards.Dld as sdid, sUIlI(lblwards.frequency) as freq, ( selecl uri 
from Ibla,licle 

from Iblwords 

where Ibla,licfe.did=lblwards.did) as ur, 
( selecl (fn left( arlicfe, 150)) -
lrom Iblarlicfe 
where Iblarl icle.did=lblwards.did) as arl, 
( selecl (fn left( lille, 50)} 
from Iblarlicfe 
where Iblarlicle.did=lblwards.did} as lil/e1 

<!--- The cfloop in the where statement helps to make a search for each word in the input key terms and 
retrieve documents (or each term using the AND operafor---> 
WHERE (0=1 
<cl/aap Iisl="lIkeylerm#" index="lhisword" delimilers=" "> 
or (word like '#lhisWOldllJ 
<lcl/aap>) 
and Iblwords.did in 

(selecl did 
from Iblarlicle 
w/lere (0=0 

<cl/aap query="gelresul/s"> 
and (( In converl( Iblarlicle.did,sql_ varc /Jar)} like '#gelresul/s.ind#' or (0= 1 
<cfloop list="#getresults.ind#" index="t/Jisw" delimiters="," > 

or (fn cOllverl( Iblarlicfe.did,sq'-varch8l)} like 11lhisw/l ' 
<lcl/aap>}) 
<lcl/aap») 

group by Iblwards.did 
order by sum{lblwords.frequency) OESC 
<lclquery> 

Because document.Dld is an AutoNumber it has to be changed into a string for 

comparison with the elements in the lists that have a memo data type. 

(fn converl{ IbI8l1icle.old,sql_varchar)} 

The retrieved documents are ranked in order of extended Boolean ranking discussed 

in chapter three (taking a p value of 1). The term weighting scheme considered is the 
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term frequency weight. It was found reasonable to use the term freq uency weight 

because the Web page documents that are used for th e experiments in this research 

in particular are of similar size and since high frequency function words are al ready 

eliminated as stopword s. 

The search output is then displayed in a screen in the form of th e one below. 

~:"'J ;h ,l~ r. 1/1993/(P },_ (I'l l {'.-r.:f/ '/ ll -""" °l:)}!" ,),-y.:y. /,./t: ,:m··} 11),.1 1(;' '''1. f\"'1 fll ";I ,r. (''' '1J' fl :rA 
"'nile: M'::l:u"" 94 f). ·y·:r- ~.i::', :m · ·) >, ~'~'".:: 11.1::''', 11 ·,·,,,, 1)')",.1': '''' 11M'. - "' IHI ,...,(,. 
[··' · IJ'''1~· 150 ,\.,y."-j". 'IAt.m· 

"J~I(/J'.e·} 'i."JY .. 9':r- 1II'I, ')'\"l\',!'(II',!" } ."JC.' "'q'flL(/)' (1.0"/,'/'·')' &.:J'~~:. 
rj:( (/). .,. q (\ 

>,,v,.1i >,/1'1 ['11'/; .1- 2/ 1993/'1'>,. "1/ [·",11 [")"' .1:' "" ·)lI t. f) ·1I 11> ... 1-I··j\·.I"e.n .1e: ," " ,11(:' l\au,...,t·,1-
'i:~'I,) . I,},v,/\{/l' ''''"'M·'} 1I-h:II· >"Y} 'I'II 'H'm' [" "''''''f)' >",)· I··!\·.r"~.n >d.:J ·IfIl·:: II> ... 1-r·I\·,e 
f,},·'.I': "nil 

'I '}J.'.e: ["I'/;+ 8/ 19931'n,."1/ IH";' I' /'\ .e·H·,)·h\· 1"1111· [' 'I'}j'.e: 11'1'''1 J.'.~ ,,":r· /1'''1: 1i '} ,,·t ··'·7 ... ···r·/ 
11"1') 11 e: 11 a u Yo t· J>: ',:m· (,. "/',:m· '} :r·" m' :r- ",e: ~ ,1 fIl '''' 'I'm' ["", . III1· >," ~ .1- .1':'1'''' "" J.': t, -",,:/lV} 
MI(Jl"':: >,,,~.,, ["",.) 

The output screen contains : 

• The number of documents found for the query 

• The titles of the documents are retrieved with a link to the actual document 

address (URL). 

• A part from the article (fi rst 150 characters) is retrieved and displayed. 



The maximu m number of results per page is limited to 10. With the click of the 

NEXTIO (1""I. -/HI' fI ·:/· 1 0) and PREVIOU510 (1'-/'>',""':/' 1 0) buttons the rest of the search 

results can be obtained. 

select title, (fn left( article,150)) as aft 

<cfoutput maxrows = #maxrows# startrow = #start# query = final> 
<br> <Ii> <font size="+ j "> <A href= "#url#"> <b> <font face="VG2 
Main"> #tille#</font> </b> </A> </font> 
<br> <dd> <font size="·j "> <font face="VG2 Main">#art# </font> <br> </font> 

<cfsef maxrows ;:: 1 0> 
<cfparam name="start" de faull="1"> 

<cfsel prevs/aft;:: start - maxrows> 
<cfset nextsiart;:: start + maxrows > 
<cfil prevstart GTE 1 > 

<c(oufpuf > 
<form action::;"searchoutputinterface.cfm" met/lod="post"> 
<input Iype = "lJidden " name;:::;'lstart" value =''#prevstart# ''> 

<input type= "submit" va/ue=''previous #maxrows#"> 
</Iorm></CFOUTPUT></CFIF> 
<clif nextstart L TE linal.recordcount > 
<c(oufpuf > 

<form action="searcl1outputinterface.cfm" method::"post"> 
<input lype;::;"hidden" name="sla,t" value = '~/nextstarl#"> 

<input type= "submit" value="next #maxrows#" style ="HEIGHT: 24px; WIDTH: 99px "> 
</Iorm></CFOUTPUT></CFIF></dd></Ii> 
</body> 
</Il tml> 

As shown in tile gelresults and final queries the output of search results are placed in 

memory for 10 minutes to allow the display of 10 records at a time. 
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Prefixes and longest suffix are removed from the query terms using the following 

code: 

<elquery name="stem" DATASOURCE="data"> 
select suI 
from tv/sur 
</elquery> 

<cfset sr=""> 
<elset st=valuelist(stem.su/» 
<el/oop tist = ',#keyterm# " index="stword" detimiters=" "> 
<else! d =0> 
<elset leng=lIten(lIstword/l)II> 

<elil IIleng# gl 2> 
<el/oop index="d" FROM="3" TO='W/eng#" STEP= "1 "> 
<eli! lltistcon lains(sl, ''#mid(s tword,d.leng)II'jll gl 0> 
<elset ss=#mid(stword,1,d-1)#> 
<elset tn=#len(#ss#)#> 
<elset prelix="y,k,t,b"> 
<eli!lIlisleonlains(prelix, ''#mid(ss, 1, 1)II'jll gt 0> 
<elsel sps=#mid(ss,2.1n)#> 
<cfbreak> 
<ere/s8> 
<else! sps=#ss#> 
</CFIF> 

<ere/sa> 
<c(sel ss=#stword#> 
<elselln=lIten(lIssll)lI> 
<elset prelix="y,k.l,b"> 
<elillitisteonlains(prelix, "lImid(ss, 1, 1)/1")11 gl 0> 
<elsel sps=#mid(ss,2,1n)#> 
<ere/s8> 
<elset sps=/lsslI> 
</CFtF> 
</CFtF> </el/oop> 
<ere/se> 
<elset sps=#stword#> 
</efi(> 
<elset sr=tistappend(sr, ''#sps#'j></el/oop> 

Experiments carried out to retrieve relevant documents using both word and stem 

indexes with all words and any of the words is discussed below. The results obtained 

with any of the words is analyzed and average recall and precision values are 

presented . 
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4.7TEST RESULTS 

To determine the performance of the system, queries were formulated for items that 

are known to exist. Two journalists (Ato Goraw Salilew, Editor & Ato Amanuel Abrha, 

Reporter) that work at Walta Information Center made 41 queries and decided the 

relevant documents. The output obtained from 22 (21 having more than one relevant 

documents and 1 with one relevant document) queries is presented below. The 41 

queries and the relevant documents corresponding to each one of them is attached 

as appendix II. 

Table 4.19 contains the twenty-two queries used for the experiment, the number of 

relevant documents ava ilable in the collection correspond ing to each query, the total 

number of documents retrieved for each query (Ret.) and the number of relevant 

documents retrieved for each query (Rel.). The experiments are conducted by using 

word and stem index terms and operators of AND and OR. 

From the results on the table the recall and precision values obtained for each query 

are calculated. 

Recall is the fraction of relevant document which has been retrieved (Baeza-Yates & 

Ribeiro-Neto, 1999). I.e. 

Number of relevant documents retrieved 
Recal l = 

Number of relevant documents in the coll ection 
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Precision is the fraction of the retrieved documents which is relevant (ibid.) . I.e. 

Number of relevant documents retrieved 
Precision = 

Number of documents retrieved 
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Stem Word 

ReI. AND OR AND OR 

No. Query doc. ReI. Ret. ReI. ReI. ReI. Ret. ReI. Ret. 

1 par y 1·Y:'I)2. :f '1<1 . (~ 7 1- 7 7 14 1 6 6 13 

2 f1fJ.U ODm'l" ary TC~h·n: 7 0 0 5 29 0 0 4 27 

3 OM.Y: M:r P,<'S1' ""'1"1. ')- 3 0 0 2 7 0 0 1 6 

4 r>b .e:!l' !lCo!." ,} 00"1;)''1' 9 6 7 6 27 2 7 2 8 

5 mM·r, )'1l1Y:F. unj':t.C 4 2 2 2 
5 1 

2 2 2 5 

6 P!lAh )'1A"IfI··)- . 4 1 20 1 46 1 15 1 38 

7 rOJ{..~~· P4'nll. ),~~ ·1· 'l"C"'I. 5 3 3 3 7 1 5 1 6 

8 1:{ A"7F·:f 4 3 8 3 8 2 5 2 6 

9 Punll':' A "7'1' Tc:(h·Y· :f 4 0 3 2 15 0 3 1 7 

10 h. :rl'-*'yarn Ill!.,/,''':f· nn·..., 2 1 1 2 27 0 0 2 25 

11 N'Y:"" ;:>11,. PA.Y:!l 'l"C""1r 8 3 13 3 14 2 3 3 14 

12 c\·Y· ··f·, AO'I:r 8 3 15 4 18 1 2 3 14 
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13 ra'l)~6. :" 1'rC h:"IjT 3 3 4 3 14 0 3 0 14 

14 r -'l'6.6,h ~ J!.;J n~p,,~ ~nlj 1 0 16 0 24 0 1 0 6 
I 

15 r T ruc:" n6.p" f· a'IfI6."l. 2 2 2 2 18 1 2 1 7 . 
. 

16 O{} ,P. ·} YII , h. ~'r-k y(fI.J"} 2 0 11 0 22 0 11 0 11 

17 h.\.C·h 'r r,/'UDI\(I' 8 2 ' 4 2 13 2 4 2 8 

~, .• } r- )\. Y (fl' ,n 

18 'i tJ O .• f Nl(r ',j'. (fI' h. .). r-)\. Y (fI' J"} 4 1 3 1 4 1 2 1 3 

19 ~,P~ il r-j ' 1~0 · I'm ... ./.9:°7+ 2 0 5 1 21 0 0 0 18 

Oh. 'rr-k Y 

20 r UD '}"lil+ 'nll 'fl OD '1I1169":f 4 1 12 1 16 1 10 1 12 

21 I'UD i "l il:r 'n1l1l 9" '1106- 4 1 12 1 14 1 11 1 12 

22 ~;Jf?. r'l" H ', ° 7IJOC 2 0 15 1 24 0 9 0 15 

Table 4. 19 Test Resul ts for 22 Queries 
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The query results (wi th the OR operator) were analyzed to draw the average recall-

precision graph after using the smoothing algorithm adapted from Keen (1972) and used 

by Hmeidi, Kanaan and Evens (1997). The smoothing algori thm is applied as shown 

below: 

a. Distribute the recall va lues into 10 equal sub-intervals in the interval 0-1 

b. Ass ign the largest precision value beg inning in that interva l to that interval 

c. Assign tile largest precision value found in the table to the first interval 

d. Beginning from the 10"1 interva l, remove all sawtooth lines by assign ing the 

current interval' s precision value to the next interval, if its precision value is 

lower than the current one. 

e. To make sure that the precision vale will drop gradually from a certain 

precision value to zero value, assign any interval with a zero precision to half 

of the precision value of th e previous interval. 

Recall Stem Word 
0.1 0.5000 0.461 5 
0.2 0.4286 0.4000 
0.3 0.4000 0.3333 
0.4 0.3750 0.3333 
0.5 0.2857 0.2143 
0.6 0.2143 0.1481 
0.7 0.1071 0.0800 
0.8 0.0536 0.0400 
0.9 0.0268 0.0200 
1.0 0.0134 0.0100 

Table 4.20 Average Recall-Precision Values After Zero-Smoothing 
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Figure 4.4 Average Recall-Precision Graph After Zero-Smoothing 
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As can be seen from the graph stems gave a better performance than words. 

Submission of Web page data was experimented by submitting ten pages 

http://telecom/news/OB02931 .htm - http://telecom/news/08029310.htm into the 

database. The rest of the pages in the database were entered with out using the submit 

fo rm to economize time. Though lately it was fou nd that using the form is not any slower. 

Before a page can be submitted any /" character in the parts of the Web page to be 

submitted has to be avoided for the reason discussed in the previous sections. 

To exhibit the process the submission of http://telecom/news/OB0293 10.htm is 

demonstrated below: 

The title, body of art icle and the URL of the page are filled in the fo rm below. Wi th the 

press of th e MltJl'fl button the contents are submitted into the database and an Id is 

instantly assigned to the record. 
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'IQ 'P;>9"1< 8/l99JI'l'~,"11 OQi\. n (J~H' Md· cu,:.:,· 1S .... 
~'P1l 8 "'I.1I.r1 flC 111;&1 y~f"" 1S liMll ·f·'f 
r~, ~nf)~'ODH' t.1!1:- CU(,.r..". f)':' ool1:oo,:.tw-~ r~i· 
oof)-j' I\!l:-C 9"I1C fl.~' M1CU4': : 
09"I1C fl.-j, r~, ~n()1<oo~1< -j·ll.e Q~"" J' Mo ~"()"1~ 
~.1l1"~'L .,t:. l\~J!7l\f).1< QMllf'li O-l·{. Ilfl.1< 2 Ii. 491 
- --_ .. -

./J:<.,.'I' (URl): 

Ihttp://lelecom/news/08029310.hlm 

Figure 4.5 Submission of http://telecominewsi080293 10.htm 
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To confirm the submission the message screen below was displayed. 

Figure 4.6 Confirmation of http://telecom/news/08029310.htm Submission 

In the database the submitted data appears like the one below: 

Table 4.2 1 Submitted Data for http://telecom/news/080293 10.htm 
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Discussion 

In designing the search and output interfaces and during searching some characters in 

Amharic needed to be handled differently. The basic problems encountered were: 

1. In Amharic th ere are some letters that have the same value. For instance, ,p 

and () mean the same letter (sa) but there are common places where one or 

either of th em are regularly used. The letter r) for instance is not usually used 

in the word 'I'/J'''''~' (meaning 'they got engaged') instead /J' is used . () is often 

used in the word rHlt. (he broke) and not /J'. However, it does not mean it is 

wrong to write ' /'r\''',~, or ,pOt .. The searching in this experiment considers 

these two letters as different characters. Hence unless users reformulate their 

queries keeping in mind letters of th e same meaning they may miss what is 

avai lable. Look at the query 1\ "1:Jf"jl.·r3'_~'t)or;_ ' 3 .... I I "" '}.y.:)'. ·/",,1'/"1'(;\:: and 

its outputs in section 4.5 above. And look at the query below and the 

documents retrieved. 

'f.,:"'1 ;h>~C 111993/11" •. "'11 r':~:" '/ 11'1''''/ ·,:J}.'u I),·y·:r· /..t}:,:(II.,} {lJd11j'(I,/. (\tI'lmr,'IIC {'°'l.J'(} :r-A 
'''''WC j,**o"'j 94 ,'I..y,:)" i·~::/:aV} j.~·~'II':: II~:"" h'I"'" (/,)"'.1': IS 11M', - "'[/'11 r('· 
r'I"p'''' ~, 150 ,'I..y, :)" IllIt,CII' 

f'66J,:" itA lP("",i";""r 1I1I(j)"/1 ')"C'} -"t,'" ,em,ej'lI· "'1)11 

6/}'1:' I'II'/:'} 211993/~'j,,'''11 /W"o("'11 "d,C'), W) ONl,l' r"·I.·} h,~9' :)" 1")'''''1',11, ,p(",),7[".),. I'IIW"" 
9"r;,} II "".f'I1 ' I' t,'!' .I'.tIl.l"'/";t\ ,).1\- h/HI,IIS ').(:,).9" CII{.>:y':)'· I'll"''''' 9"c,l' ,/,,,'I'W' I\'",,,,t\ 
(h'IC {Jil'/ •. £l·'·r.n· ),'} 

re'l..!l'}_ ' U.~q oJ':-',:lf :_ f'_'J:.:l :. t) ~ l:t'IIl :':--,1 ~ {1. {\ (l 'k" ~_?\ f~ /:Ii (JL-,~(lLfl/l.U 
IJ ')u'i:'~II;J~M~ (l ~., : ;'1"(.'''' :)"- _: /' ,ell'" A 
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The only difference in the queries is the letters 'j and IJ in ~dflLand ".wnr: 

words respectively. But the retrieved documents are diffe rent except for one. 

Remember the two words have the same meaning. 

2. The same word could be spelled differently but still have the same meaning. 

For instance one can write J'.~i\":r- or }'.~~Y"·r· to mean 'brokers' but they are 

treated as different words during searching. This problem might be solved by 

using roots or stems as index terms. 

3. When the letter /" (I in English) exists in the query an error message is 

displayed. In fact all characters with ASCII values above 127 were a problem 

until the option to 'automatica lly convert specia l characters to th eir entity name' 

in ColdFusion studio was turned off. 

4. In English the words smoking , Smoking or SMOKING have the same 

semantics. But this is not the case in Amharic. Since the Amharic font used in 

IIlis research uses the English keyboard, eve n though th ere is no upper or 

lower case in Amharic, words like M" & M" (Sm & sm) which do not have the 

same meaning are considered the same. 

5. Some characters li ke " and # used to wri te text in Amharic are used by 

Cold Fusion scripts and hence had to be exclud ed from text written on the Web 

pages. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

5.1 CONCLUSION 

Information retrieva l has grown beyond its narrow use in th e libraries. The introd uction of 

the World Wide Web changed th e perspective of information retrieval. The Web is the 

richest universal source of in formation that has ever existed . So being . it has allowed 

sharing of ideas and information in a very large scale. To retrieve relevant information 

from this huge source is not however an easy task. To satisfy his/her information needs 

one may navigate the space of Web links. However. since the hyperspace is vast such a 

navigation effort is usually inefficient. 

The data on the Web is unstructured, volati le, with redundancy, and heterogeneous 

contain ing text and multimedia data in different languages. For naive users, the problem 

of finding relevant documents becomes even harder. To specify what is in the mind of the 

information seeker into a query is not an easy task. Even if the user is able to create the 

query successfully the answer may be thousands of Web pages and hence difficult to 

interpret. 

There are search tools that are designed to more or less handle these problems, more 

widely for documents written in the English language and few for other languages like t 
!. 

Arabic and Ch inese. 



Studies on how to retrieve information from Amharic documents on the Web have been 

necessary as there are documents wri tten in Amharic on the Web but are not accessible 

by the search systems for other languages that are available on the Web today. 

In this research a test col lection of 313 Amharic Web pages, that covered news are 

collected and their contents are entered in to a database. An interface th at allows the 

submission of Amharic Web pages into the database where they can be indexed is 

designed and tested. The operation is found successful. 

The Web documents entered into the database are then indexed. Among the parts of the 

Web pages the body of the page (the whole of it) of each of the documents is selected to 

be indexed. During the preparation of the text for indexing, punctuation marks are 

removed and the rest of the text is indexed taking a word as a set of characters between 

spaces. 

Suffixes and prefixes are removed from index terms with the intention of improving 

perforrnance. Hence, two inverted files, one fo r words and the other for sterns are bu ilt. 

The ratio of running words to distinct words in the co llection that has 48058 running 

words is 3.44 for words and 4.83 for stems. This value is low when compared with the 

values obtained for English texts of srnall er sizes in the research discussed in chapter 

two of this research . This indicates that in the Amharic documents the same words are 

not used repeatedly. 
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After sorting th e index terms extracted in descending order of their total frequencies 

(frequencies in the entire co llection), terms with a high frequency are cut off from being 

index terms. Terms with low frequency are not removed because in th e Amharic 

documents individual terms are many and a significant number of them are with content. 

The term we ighting scheme used in this research is term frequency weight. Because the 

Web page documents that are used for the experiments in this research in particular are 

of similar size and since high frequency function words are already eliminated as 

stopw?rds th e term frequen cy is selected as a reasonable weighting scheme. 

Extended Boolean search with the operators OR and AND is the search facil ity that is 

incorporated with th e system. Twenty-two queries are prepared to test the system 

against recall and precision. The queries are experimented by using the inverted indexes 

for word s and for stems. A higher performance is obtained from stems than from words. 

During searching, the need to handle alternative leiters fo r the same leiter in Amharic 

writing system is observed. The system must handle th is in a way the English small and 

upper case leiters are taken to mean the same. 

In add ition there is a cha racter giving an error message when found in query terms and 

when found in documents during indexing and page submission. This specific character 

(p) may not be a problem for other fonts. However because the Amharic font VG2 and 

many others use the English ASC II code, characters that are known as special 

characters in English but are used as standard characters in Amharic will possibly create 

problems. 



There are also oth er cllaracters that Visual Basic did not include in index terms even if 

they are part of the words in the documents indexed. Characters that have oth er use in 

Cold Fusion Studio (like # & ") are not smoothly handled (had to be avoided from being 

entered as pa rt of text on the interfaces des igned). 

5.2 RECOMMENDATIONS 

In this study an attempt is made to access Amharic documents on th e Web. Experiments 

have been conducted as to the possibilities and difficulties of using some of the retrieval 

techniques to handle Amharic documents on the Web. A lot is there to be done in the 

futu re by researchers in improving the scope of accessing available information fo r 

Amharic readers. The following recommendations are made for further research. 

1. The use of thesaurus to increase the performance of the systems must be 

tested. 

2. An indexing algori thm that makes use of root words should be developed to 

inves tigate in case better results may be attained. 

3. Ways of handling all Amharic cha racters should be devised. 

4. A standard Amharic code that could allow every Amharic softwa re user to 

access documents in Amharic anywhere should be developed. 

5. A system th at handles alternative letters in Amharic has to be designed. 

6. Resea rch on how to crawl the Web and obtain Amharic documents Sllould be 

made for the sake of find ing up to date information and for the sake of avoiding 

the need for Web page owners to submit thei r Web pages. 
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7. Ranking schemes that consider links on pages, and weights based on font 

sizes and boldness of text on pages should be tested. 

8. Ways of updating database of Web page data have to be devised. 
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APPENDIX I 

FULL AMlIAIUC CHARACTER SET 

._---
Or-del- "' Labialized 

1" 2nd 3" 4" (S '" ) Gil' 7" -----
1/ (/. 'I. 'I 'i. II U' 
{I (I. f\.. 1\ lI.. A lin "-
tI, ,h. ,h .. A, ,h. ,), ,I. enJ. 
(TD air 0'L "'/ "'l 9° Cf" 
lV lV. "I .. "I "1. I" 'I' 
L ~. t to 6. C C' J: 
11 - 11· 11. I') lI.. (\ " 'l. 
if n~ if. 11"' if, W iY IJ. 

-" 
"h ,I: :/. -I; :r. -y. tf:. .. , ..... :I; ;I: ., ... 

II II' IL f/ II. .1\ II IJ. I .,. ,,: ,,: ;1' .1; :,. ,f, :t: 
:r :r; :r: :r :u ':j. ,)~ :r: 
1 1· ·t ;) 1, .., ~ .~ .. "1'- ~, :). "I'. 
~ >. i. 'i ~ '> ,n , 5: 
'0; '>: '>: i-: 1: 1 ... c '" , , ;J. 

0 ~ .. ~ .. >, ~b }. ~. 

tl ll· 11. 11 l1.. tl l' t I .. t I'- II .. t;l. fl'· 
'fl 'fl- 'fl, 'f1 'fl. II '[. 

I 
tv Ill. (J! q' 'v (f)' 9' 
0 U· 'i. 0, °b 0 )' 

II II' II, 1/ II. 'II /' !l. 
'w 'If' '/e 1r '/L- :(r ' /1' '!C 
V r. r.. y vo f· I "~ 

f. ~~ . P.. P. J! .. Y: ". .~. -..... »,' 'Co ;r: :~ :~: . 1': • I!. ,. .... 
. / '/ .. '/ . ;J '1, "/ .) '/ .. 'I '· :} J. '1'" 
m m· m. {lj m, ' p (n ~ 
(.!~ . (,1.1: r.r.t. ""L r.u. r,n · i ;; . r.fl ,. , 
~, X. it ~ }t X· ,. 

" r; Y.. X. X :4. "- X 0, " 

G 
(I , '/. '1 'I, 0 )' 

1,. 6. .... 60 
c;: r" ~: " 

T -F 'r: :r '(; T ;/' 

I 7i ii, IT. ii if, ,fi 'Ii ~ 

Nt li ll cra is 
ii (, 

,-
L 2U n 7t) i ~: 

~ JI 7 'f., 30 U I ~O -i j' 

3 t,: 8 i: 40 ~} 9U 
;j 

-'I ii 0 ii 50 ,i! 100 .i:' 
5 (; 10 " 60 :,' 

~ .. loon S"I' 
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"'. _ :le Punctuation Marks of Amharic 

, . 
Punctuation .. 

marks Names Allographs 

1 (=> InEt'Ib or hulEt II Imainly in 

nEt'Ibl printinp; 

(:> lnEt'i;la aErEzl 1:"1 and I - I 2 : . 
3 <~> Idirtb sErEzl 

.. 

4 (=> Imul:u or arattnEt'Ibl 

5 (!> ItIr.lIrtE anklrol 

6 <i'> ItIm1rtE sI lak'k'l 
.---.-

"l < ?> ItI,drtE t 'I yyak ' el 

8 < . '> /yIzEt or a nd nSt'Ibl 1-/; //1; l;fl &1.1 

9 <- '> IC'IrEt or sErEzl 

10 < -) InIu~ C'IrEtl 

11 < ... '> InEt'Ebt't'ab/ 

MI ",' Ie )1 ~ 12 < (» I~ ' In::IfI 

,13 ~" "2 ItIr.1Irt:: t ' I Ie ' Ie' GI I" "/; f· >y<>nd,A;// 
._--.-.)-,- - -----_._----_._-- ----_ ._--- ---. -... <" -/ I l Id''' ' .",,, , , .. -; I :-. ;, i I '"~ ;' 1,,1 I , ., _,_ ..:.. ' .... ;11 ',_ " I ,',', I / '2 ?5 15 ~ IC '1 r:;l/ o r Olpo s::. r o:: hy 

I / ~)~C 
I 1 ~ '\ 

-: - - .: / ::;::- 3:.':':: I r'l".'! i r .. ~t ' I ::/ I - I I ~ I I : - '-' :-.-:'. / - I 
.--J 

?5 
~ \'lith U:c e:<c~:)ti(H'. of !..n~3e that t .. u· ... e nU:i!~) '?r s at t~1~ tc;-:, 

t:'e symbols arc all t a~:e n from ~iErse Haz;~n ";rSld l:; K I erk ' as I s 1 

lIyamarINNa sEwaslwl! p. 207 .. 
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APPENDIX II 

Queries 

No. Query 

1 .).''f. A"'Il'· :}"· 

2 (IIl>alt.er,' YUC'J' II .. u"(Jl"'9u 

3 II.<:·C')' (, ,"Vi. IIA(\,. :r-

4 nY""I ·n ,HIA t.·,n "UI1;/: /.\ f) fI'J.J..~(. "/ ' I'd, 

5 n~'MU' CUt. /. · ,'·US,I'(\, ],C (' } .. <'./:'··r·') 11'1**')" 

6 Ih)Y .. r.· I,') .). r J'. I;':)". 0 1)'1-tl··) , 

7 IIIlY.+ J't\. },. ,)-I'·A·.rw·,n 

8 IH · qll ~.·)· OW}"Jf~:}")' ('t)/')')" "11l1lf1C (/J:J·P. (~·:" 

9 U', OJ'I' we .). M"t.··y.:r· 

10 I!}"r; ,) 't.. r,, ·l"flJ(u't· ]" ·)·\J·$\'.ecn'.e '} 

11 (I HV,J, . }, II" Y: 1', u".e:t.r. 

12 I,.:J J'" ,)A' '.r- "'/ UIl t: 

13 'iMU' .{'t)t.· :rm· }" ·)·Y·A·.r"'·.n 

14 ;,MU' n rH")' J!: c:,-; },'A"/fI,.,} (lie (I'J..'~ ,ell uu ;J·:fCf)· all')" ''''.'} 

15 '). '1" ··r.e; A '''1')' 

16 ]t .. ) . t"~' .em· J) '} f)J.,,·/·'I;·':r· Ih)·.';'} 

17 ) , .'U) r·/·no· r fIl. r,' .,''1:°,/')' O}'. 'l-I'·I\·.r 

18 r ,7' (\.1" lin:)' 11·)·1)-)-

19 '''''I .~:t.·-)- ., ,) ... I, ·)·q·)· 

20 ry.~(\,.:r· (I '/ I)Or. 

21 f' J.'.~" ·1"1'''1'" f\ (,'" h fJ ,,/.\ "'/ ')'.1. " '1'/ . . ). 

22 ,'ov·}"/,) ·) ' n ll ' lI on'I'fJtfP:r 

23 f'OIl'} "} I)') - n il '" Y" ·III1 t. · 

24 p rJll i}'j' /'\'''1-)' Tc'~J) ·I'·:r· 
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Relevant Doc 

161,174,268,225 

66 

95 

56 

33 

3,97,262 

57,155 

80 

18 

5, 10,33,69, 186,256, 

259,339 

8,64, 107,179 

5,246 

1 0, 186,241 ,259 

6 

125,133,145,166,17 

0,246,247,279 

57,155 

9,24 

252 

131,144,165 

72 

73 

14,51,110,153 

14,51, 110,153 

26,87.227,284 
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27 Vmfllr. aU '} 'IJ': "}'}t}: j' 

31 \" /' .1'/1· l'I' ·j ·h:'Q·).I': 1.:/'9' :)"-

32 r·/·t.'I·I:' f.'),; .. ;.r: I()()')'?' ' 1'11 : 1' 

33 1" ?' ~"IIr: :/ ' 11, '1" :)"- I'II. ,/,,."·II /.· I" ","/A,,:/' 

35 1',,,.,/ ·/·.(':' 1 .... :)"- ·/.1·c· 

38 rl,.·?·I'·!\ .f' a"II~II.I' 1) /"'/: ' /' ~,,':J ' "'/() I 1111: 

11 0 

1,24 ,1 99,2 12,276 ,27 

7,329 

41 ,104 ,108, 142, 188, 

210,245 ,264 

89 

126 

12,50,185,325 

39 

65 

4 

2 

2,285 

1.24 .199.212.276.27 

7.329 

49.94.181.209,225 

122 

69 

77 

7 ,20 .96,'110.124 , 173 

,1 83 ,1 88.222. 
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