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Abstract 

Thesauri have been used for literary composition since their inception in 1852, but 

nowadays their primary use is for information retrieval. Even they are among the 

crucial components of retrieval systems which are typically used for enhancing 

index ing operations and query expansions during searching. 

Even though Amharic language has been a written language for a couple of 

centuries and huge volumes of Amharic electronic documents are accumulated, 

not much has been done towards the development of effective and efficient 

Amharic retrieval systems. In this research work much effort has been exerted to 

generate thesaurus automatically for text retrieval in order to help the 

development of an effective and efficient Amharic retrieval system. 

The development of the automatic thesaurus generation system is based on the 

WOROSPACE model. The WOROSPACE model is derived from the inverted file 

index by applying Random Projection algorithm for dimensionality reduction. 

Nearest Neighboring clustering algorithm is employed to generate thesaurus 

automatically from the WOROSPACE model constructed 

An encouraging result is obtained in the experimentation of the system on 

Amharic Bible documents. During experimentatIOn the accuracy of the 

automatically generated thesaurus is evaluated The result on a random sample of 

ten terms shows that the system has accuracy of 58%. To further investigate its 

applicability for Amharic information retrieval, the thesaurus is integrated to an IR 

system for query expansion. The retrieval system is tested with and without using 

thesaurus in order to show the improvement made 111 retrieval effectiveness. 

Performance analysis shows that the recall of the system while using thesaurus is 

superior to not using it. The average recall values are 73.34% and 3729% after 

and before using thesaurus for query expansion, respectively 

f<eywords Amharic Thesaurus , WORDS PACE , Information Retrieval (IR) 
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task and the logIcal view of the documents adopted by the retrieval system . By the 

user task we mean the translation made by the user of hi slher information need 

into a query in the language provided by the system. Documents in a collect ion 

are represented by a set of index terms or key words. Such index terms might be 

extracted directly from the text of the document or might be specified by a human 

subject. These representat ive index terms provide a logical view of the document. 

A document might be represented by its full text words . In this case, the retrieval 

system adopts a full text logical view (or representation) of the documents. The full 

text is obviously the most complete log ical view of a document but its usage 

usually implies higher computationa l costs in terms of time and storage. With very 

large collection of documents we have to reduce the set of representative index 

terms in order to reduce the computational costs . This can be accomplished 

through text operations. According to Baeza-Yates and Ribeiro-Neto (1999) the 

text operations include five document processing procedures: lexical analysis , 

elimination of stopwords , stemming, selection of index terms , and term 

categorization through thesaurus . 

Thesauri are among the valuable components of IR systems (Aitchison et a/ , 

2000; Srinivasan, 1992). A thesaurus provides a precise and controlled 

vocabu lary that serves to enhance retrieval performance in an IR system, both in 

document indexing process and document searching. The thesaurus may be 

invoked manually, or preferably automatical ly, at either indexing or searching time. 

Terms may be added to the indexing of a record, or to a search statement , without 

the explicit knowledge of the indexer or searcher. This process regarding 

searching is called query expansion or reformulation . An example of this is 

2 



experts in a subject domain and also is a highly conceptual and knowledge 

intensive task; and therefore it is extremely labor intensive and time consuming ; 

and also suffers low coverage (You and Chen, 2006). Moreover, thesauri are 

domain dependent (Srinivasan, 1992), and hence there is always a need to 

reinvent the wheel for each domain when the manual thesaurus construction 

method is carried out. 

In addi tion to the general purpose search engines (such as Google, Yahoo, and 

\ 

MSN) a lot of efforts were made to develop Amharic IR systems by different 

researchers. Saba (200 1), Bizuneh (2003) , Tewodros (2003), Samuel (2005), 

Yalemsew (2005), and Tessema (2007) have tried to develop Amharic text 

retrieval systems. But neither of them has used thesaurus though there are 

attempts by Bekele (1992) and Yoseph (2005) to develop thesaurus for Amharic 

language. As far as the thesaurus generation process is concerned both of them 

were used a manual (intellectual) approach, based on facet analysis which is very 

labor intensive and raises a need of high ly skil led domain experts . Such manually 

built thesaUri are tough to integrate to an IR system unless they are designed 

specifically for such systems. Apart from these initial endeavors as to the 

resea rchers' knowledge no automat ic Amharic monolingual thesaurus that can be 

integrated to an IR system is constructed, ye t. But, as long as a representative 

body of text is avai lable in a specific domain, it is possible to generate 

automatically the thesaurus without much human intervention. 

Thus , the pu rpose of this research wod< is to construct automatic thesaurus for 

Amharic text retrieval to 8ssist in the development of an effective Amharic IR 

system 
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1.5. METHODS 

The following methods have been followed to achieve the general and specific 

objectives of this research work. 

1.5.1. Literature Review 

Literature reviews have been done on different areas re levant to this research 

work. Features of thesauri and approaches to automati c thesaurus construction 

have been studied to unveil the current state of the art in the area. 

Based on literature, Amharic language has been studied with regard to its features 

that affect the automatic thesaurus generation process. This includes the Amharic 

scripts and the Eth iopic writing system with its Unicode representation in 

computer; and the amb igui ties and inconsistencies in the writing system. 

The WORDSPACE model and tools ava ilable for build ing the model (i.e., the 

Semantic Vectors and Apache Lucene Application Programming Interface (API ) 

libraries) are also assessed from literature. 

1.5.2. Development Tools 

The Java programming language is used for the programming task. Java is 

selected for its suitability for processing Unicode encoded text. Moreover, the API 

libraries used in this research work are entirely implemented in Java. 

The Semantic Vectors AP I is used to develop WORDSPACE model for document 

collections. Its dependency is only on Apache Lucene's AP ls. Both types of AP ls 

are created in Java. 
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1.5.3. Performance Evaluation 

The evaluation of automatically generated thesaurus is done in two steps. First we 

evalua te the automatically generated tllesaurus , and then the thesaurus is 

integrated to an IR system to prove its applicabi lity. For the evaluation of the IR 

system , the two most frequent and basic measures for information retrieval 

effectiveness (i. e , precision and recall) are used before and after using the 

thesaurus for query expansion. 

1.6. SCOPE AND LIMITATION OF THE STUDY 

The scope of this research is the construction of automatic thesaurus for Amharic 

documents in a specific domain by following corpora based approach. In the 

present research Amharic Bible documents are used for thesaurus construction 

and testing its peliormance. The proposed automatic thesaurus generation 

system basically has text operation (i.e., lex ical analysis , stemming, and stopword 

elimination) , indexing, and WORDSPACE system components. 

The proposed automatic thesaurus generation system has some limitations. The 

research is done on documents whicll have a Unicode encod ing; and hence it 

does not include documents which have other encodings . The lim itation 

concerning term coordination is that thesaurus terms are composed of single word 

terms. Other limitations of the study are concerned with the Eth iopic writing 

system . Some ambiguities of the writing system are not addressed in this 

resea rch. Ambiguitic:s arise from various forms spelling for the same word as in 

'111.'/':'" vs " IH
{':,." 'm'r"" ', and ' f!! .:," ; gemination as in "r';- '; Amharic spelling 

variations due to visual redundancy as in ','I"t'!;F vs '7't'!:J- '; and inconsistent 
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manner of writing term phrases referring to terms such as 'f.'/' (W/lI""C ' vs 

" r.'l'(TIl'/lI"'·C are not addressed in this research work. 

1.7, APPLICA TlON OF THE STUDY 

The research can be used as an integral part for development of an effective and 

powerful Amharic IR system . It is believed that using thesaurus improves the 

retrieval performance. Since thesaurus can be used in query expansion or 

reformulation to retrieve re lated concepts , it is inevitable to integrate it in recall 

ori ented 11'< systems. 

The research can also be applied in the development of machine readable 

dictionaries and lexica l databases; machine translation , and even for the 

development of spelling correction . 

1.8, THESIS ORGANIZA TlON 

This paper starts by presenting background, statement of the problem , 08jective 

and methodology of the study, and other introductory parts . 

In cllapter two a review of re lated literatures on Amharic language automatic 

thesaurus construction , AP ls used for automatic thesaurus generation, and 

related works are presented. Chapter three details the development of the 

automatic thesaurus generation system. That is, the algorithms and techniques 

used in the development of the system are discussed thorough ly. Chapter four 

explains the experimentation carried out in the research to evaluate the 

performance of the system. Chapter five explains the development of an IR 

system that integrates thesaurus in its structu .. e. Chapter six discusses the 

conclusion and suggests some recommendation for future study. 
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CHAPTER TWO 

LITERATURE REVIEW 

The literature review section deals with features and uses of thesauri , the 

WORDSPACE model, the Amharic language, and related works. The subsequent 

subsections that deals with thesaurus details tile general features of both 

automatic and manual thesauri, appl ications of thesauri, and approaches to 

automatic construction of thesauri. The literature review on WORDSPACE model 

discusses on the techniques and tools that can be used to construct the model 

efficiently. The Amharic language features and Its writing system are also studied. 

The final subsection is on related works that are directly related to this research 

work. 

2.1 . OVERVIEW OF THESAURI 

According to Aitchison et al. (2000) a formal definition of thesaurus is a vocabulary 

of controlled index ing language, formally organized so that a priori relationships 

between concepts are made explicit , to be used in IR systems, ranging from the 

card catalog to the Internet. 

Thesauri that are associated with IR systems are very different from the traditional 

thesauri such as Roget 's thesaurus (S rinivasan, 1992). The trad itional thesauri 

are designed to assist the writer in creatively selecting vocabulary in literary 

composition In IR systems, however, they are used in retrieval of potentially 

relevant documents from large collections. 

The thesaurus serves to coordinate the basic processes of ind3xing and 

document retrieval. In indexing, a concise representation of the document is 

9 
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derived, whi le in retrieval it helps to search for relevant items. The IR thesaurus 

typically conta ins a list of terms, where a term is either a single word or a phrase, 

along with the relationships between them . It provides a common, precise , and 

controlled vocabulary that assists in coordinating indexing and retrieval. 

2.2. PURPOSES AND USES OF THESAURI 

The primary purpose of a thesaurus is for IR (Aitchison et al., 2000; Foskett, 

1997). Secondary purposes include aiding in the general understanding of a 

subject area , providing 'semantic maps' by showing interrelations of concepts, and 

helping to provide definitions of term s. More unusual applications include the 

generation of keyword lists and the support of computer assisted abstracting. The 

primary use, for IR, may be achieved by using the thesaurus in the indexing 

(either manual or automatic) of a machine readable document databases or in 

searching for relevant documents that satisfy information need of users. 

Basically, the same thesaurus is used for indexing and for searching a document 

database. This approach permits a very close mapping of the indexing and 

search ing process, particularly when indexing and searching is carried out by the 

same individuals , as a document database is maintained in-house and accessed 

primari ly by the information specialists who maintain it. It is also possible to use 

the thesaurus either for indexing, but not for searching; or for searching , but not 

for indexing. In the former case it provides a rich set of terms, including especially 

synonyms and broader terms, to increase the chance of successful retrieval. In 

the latter case , the role of the thesaurus is usually to assist in searching of a free-

text database by suggesting additional search terms. The suggestion may be 

done explicitly, by offering the terms to the searcher for their choice , or 

10 I 
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automatic:C!!ly ; thi s proq,::;§ i? generally referred to as 'query-"xpansion' or 'query 

reformulation '. The automatic suggestion process requires rather complex 

algorithms since the system has to know not on ly to reformulate the query but also 

when to do so. 

2.3. FEATURES OF THESA URI . . 

According to Aitchison et al. (2000), Foskett (1997) , and Srinivasan (1992) , the 

most important features of both manual and automatic thesauri are vocabulary 

control , compound terms, vocabulary specificity and generality, term relationships, 

nLlmber of entries for each term, and term frequency of class members A detail 

discussion of these features follows in the following subsections. 

2.3.1 . Vocabulary Control 

Vocabulary control refers to the mapping of variant forms of terms into base 

expressions, thereby bringing consistency to the vocabulary. As a result , the user 

does not have to worry about variant forms of a term . Control of terminology in a 

thesaurus is achieved in various ways by applying extensive rules (Aitchison et 

al., 2000) . A simple rule is that terms should be in noun form. A second rule is that 

noun phrases should avo id prepos itions unless they are commonly known. Also, a 

limited number of adjectives should be used. There are other rules to direct issues 

such as the singularity of terms , the ordering of terms within phrases , spelling , 

capitalization, transliteration, abbreviations, initials, acronyms, and punctuation. 

Vocabulary contro l is a crucial process for Amharic language. In Amharic there 

are different spelling inconsistencies (e .g., )lo.e, y, .I, .I~ , )I'l.e , )I;} .1'. , y,'l'l.r., and /10.1'. 

meaning sun) , a number of abbreviations , and a number of morphologically varied 
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terms having the same stem like 'I'IIL <;" ', ' t'\IIL<;" ', 'lunS', 'm,<;" "'l ', '1/l, ,},,,'I- ', 

' I/IS'I"-')'- ', ' IfL<;"··i-T , etc for stem 'I/l,<;" '. Different examples of these 

inconsistencies and ambigui ties in the language are given at section 2.8.2 . 

2.3.2 . Compound Terms 

Compound terms are generated by construction of phrases from individual terms. 

A compound term may be either an adject ival phrase, such as 'dried vegetables ' 

or a preposi tional phrase, such as 'philosophy of education '. Two distinct 

coordination options for compound terms are recognized in thesauri : pre­

coordination and post-coordination. A pre-coordinated thesaurus is one th8t can 

contain phrases. Consequently, phrases are available for indexing and retrieval. A 

post-coordinated thesaurus does not allow phrases. Instead, phrases are 

constructed while searching. 

The advantage in pre-coordination is that the vocabulary is very precise, thus 

reducing ambiguity in indexing and In searching. Also, commonly accepted 

phrases become part of the vocabulary. However, the disadvantage is that the 

searcher has to be aware of the phrase construction ru les employed. Thesauri 

can adopt an intermediate level of coordination by allowing both phrases and 

single words. This is typical of manually constructed thesauri. However, even 

within this group there is significant variability in terms of coordination level. Some 

thesauri may emphasize two or three word phrases , while others may emphasize 

even larger sized phrases. Therefore, it is insufficient to state that two thesauri are 

similar simply because they follow pre-coordination . The level of coordination is 

important as well. It should be recognized that the higher the level of coordination , 

tile greater the precision of the vocabulary but the larger the vocabulary size . It 
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also irnplif;lS an increase in the number of relationships to be encoded Therefore , 

the thesaurus becomes more complex. 

The advantage in post-coordination is that the user need not worry about the 

exact ordering of the words in a phrase. Phrase combinations can be created as 

and when appropriate during searching. The disadvantage is that search precision 

may fall A more likely example given by Srinivasan (1992) is 'library school' and 

'school library '. The problem is that unless search strategies are designed 

carefully, irrelevant items may also be retrieved. 

Pre-coordination is more common in manually constructed thesauri. Automa tic 

phrase construction is sti ll quite difficu lt and therefore automatic thesaurus 

construct ion usually implies post-coordination (Salton and McGill , 1983). 

2.3.3 . Vocabulary Specificity and Generality 

While specificity of the thesaurus vocabulary is a function of the precision 

associated with the component term s, generality is a function of recall. A highly 

specific vocabulary is able to express the subject in great depth and detail. For 

example, 'brown bread' is more specifi c than 'bread '. Th is promotes precision in 

retrieval. The related disadvantage is that the size of the vocabulary grows since a 

large number of terms are required to cover the concepts in the domain. Also , 

specific terms tend to change (i .e. , evolve) more rapidly than general terms 

(Aitchison et al. , 2000). Therefore, such vocabu laries tend to require more regular 

maintenance. Further, high specificity implies a high coordination level which in 

turn implies th<3t the user has to be more concerned with the rules for phrase 

construction. 

11 
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Term relationships are the most important aspect of thesauri since the vocabulary 

connections they provide are most valuable for retrieval. Many kinds of 

relationships are expressed in a manual thesaurus. These are semantic in nature 

and reflect the underlying conceptual interactions between terms. Aitchison et a/. 

(2000) specify three categories of term relationships: equivalence relationships, 

hierarchical relat ionships, and associative re lationships. 

Equiva lence relations include both synonymy and quasi-synonymy. Synonyms 

can arise because of common nouns or scientific names, and trade names (e.g. 

'amodiaquinine' vs 'camoquin'); popular names (e.g. 'spider' vs 'arachnida'); 

obsolete terms (e.g. 'chi ldren's homes' vs 'orphanages'). Quasi-synonyms are 

terms which for the purpose of retrieval can be regarded as synonymous (e.g. , 

'genetics' vs 'heredity' and 'speech impaired people' vs 's tammerers'), which have 

significant overlap in meaning. 

The hierarchical relationship is used in locating broader and narrower concepts in 

a logically progressive sequence. A typical example of a hierarch ical relationsh ip 

is a generic relationship, such as 'vertebrate' vs 'mammal' and 'gastrointestinal 

agents' vs 'bile acids'. Another example is whole-part relationship such as 'ear' vs 

'external ear' and 'ear' vs 'inner ear'. 

Associative relationship is found between terms that are closely related 

conceptually but not hierarchically and are not members of an equivalence set. 

Good examples are 'operating theaters ' vs 'surgical equipment' and 'buildings' vs 

'doors'. 

14 
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The$e (\;l rm r§Ii.1!iQn§hipli ~re f;;Qmplex gng i'lre commonly el<hibited by manually 

constructed thesauri (Srinivasan, 1992). It should be noted that the relative value 

of these relationships for retrieval is not clear. Moreover, these semantic 

relat ionships are difficult to identify by automatic methods, especially by 

algol-itilms that exploit only the statistical relationships between term s as exhibited 

in document collections (Ibid.). So, automatically generated thesauri hardly take 

account of these kinds of term relationships. Rather, they have some structure on 

the vocabulary, which usually means hierarchical arrangement of term classes. 

This has been done by clustering algorithms. A typical algorithm accepts all pair--

wise similarity values corresponding to a collection of objects. It also uses values 

to partition the objects into clusters or classes such that objects belonging to the 

same class are more similar to each other than those of a different class. 

2.3 .5. Number of Entries for Each Term 

It is preferable to have a sing le entry for each thesaurus term . However, this is 

rarely achieved due to the presence of homographs (or polysemes). Homographs 

are words having the same spelling as anotiler but differing in origin and meaning 

For example, 'cells' may refer to biological microsystems or electrical equipment. 

The semantics of each instance of a homograph CQrr only be contextually 

interpreted. Therefore, it is more realistic to have a unique representation or entry 

for each meaning of a homograph. This also allows each homograph entry to be 

associated with its own set of relations. The problem is that multiple term entries 

add a degree of complexity in using the thesaurus. Besides, it is hard to achieve 

this feature automatically (Ibid.). 
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2.3.6. Term Frequency of Class Members 

This has relevance Illain ly for statistical thesaurus construction Illethods which 

work by partitioning the vocabulary into a set of classes where each class 

contains a col lection of equivalent terills . Salton and McGi ll (1983) suggest that in 

order to Illaintain a good Illatch between docuillent terill s and queries, it is 

necessary to ensure that terills included in the saille thesaurus class have roughly 

equal frequencies. Furtherillore, the total frequency of occurrence shouid be as 

close to equal for each class as poss ible , thus ensuring that probability of 

producing a Illatch between queries and docUlllents is approxilllately equal for all 

thesaurus classes. If these frequency characteristics are totally violated - for 

exaillple, if a higher frequency terlll such as 'coillputer' is entered into ttle saille 

class as a Illore specific terlll such as 'illinicoillputer' - queries about specific 

topics will produce general responses, thereby depressing the precision of the 

search. 

2.4. APPROACHES TO AUTOMA TIC THESAURUS CONSTRUCTION 

Autoillatic thesaurus construction is one cOIllPonent of the wider fie ld of automatic 

IR, which also includes indexing, automatic abstraction, and automatic document 

class ification (Aitchison ef aI. , 2000). In all these operations , statistica l techniques 

or computational linguistics replace human intellectual processes. Since manual 

thesaurus construction is a highly conceptual, knowledge intensive and labor-

intensive process, an alternative automatic method is definitely of va lue. 

According to Manning et al. (2008), Lassi (2002), and Srin ivasan (1992) three' 

approaches are suggested for automatic construction of new thesauri. The first 

au tomatic approach is designing thesauri from document collections (corpora) . 
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which I::; a $t9110arcl On(l. The sS)oQlld autonlat ic approech is user-generated 

thesauri based on tools from expert systems In this approach, thesauri are built 

using information obtained from users. The third approach is thesaurus 

construction based on Bayesian network. 

2.4. 1. Corpora Based Thesauri 

In this approach there are two main techniques. One is simply to build 

WORDS PACE models. Th(l_ core idea behind WORDSPACE models is that words 

and concepts are represented by points in a mathematical space, and this 

represen tation is learned from text in such a way that concepts with sim ilar Qr 

related meanings are near to one another in that space (Sahlgren , 2005) . The 

other techn ique is to use a shallow grammatical analysis of the text and to exploit 

grammatica l relations or grammatical dependencies. For example, entities that are 

grown, cooked, eaten, and digested, are more likely to be food items (Manning et 

ai , 2008). 

2.4.2. User-Generated Thesauri 

Another approach for automatic thesaurus construction is based on tools from 
• 

expert systems Thesauri are bui lt using information obtained from users. The 

procedure involves examining the types of Boolean operators used between 

search terms , the type of query modification performed by the user, and so on. 

User feedback is included to resolve any ambiguities and uncertainties. Feedback 

is also required to select the specific type of relationship between two terms once 

it has been decided that the terms are indeed related. Therefore, this approach 

requires considerable interact ion with the user population. 
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The third approach is to create a Bayesian network to model the thesaurus . A 

Bayesian network built from local term dependencies can give a probabilistic 

similarity distribution among the terms . The distribution is diffe rent from that of the 

most frequent probabili ties, but will serve the purpose of classifying terms (Lassi , 

2002). 

2.5. AUTOMATIC THESAURUS CONSTRUCTION BA SED ON 

WORDSPA CE OR SEMANTIC VECTOR MODEL 

V:; , 1 , Th~ Vf,lctgr Space Model 

In Vector Space model a document collection can be represented by a matrix of 

document vectors (or a term-document matrix) as shown in figure 2.1. 

~. 

Tt T .. . T\ 2 

° t cltt Gl t2 
... dt, 

° 2 d2t (/22 
... d21 

° Il dnt dn2 
.. . d", 

Figu rc 2. 1. Mat rix of dOClllll ent vccto rs. 

IIVhere the columns represent each unique term and the rows represent each 

document in the document collect ion with n number of documents and t unique 

terms. The matrix entries are weights assigned to each unique term. According to 

Manning et at. (2008) and Salton and McGill (1983) , the weights can be the 

frequency of each unique term in that document, the inverse document frequency 

weight , or the composite weight. In the first case it is the frequency of term k in 

document i, or FREQ;k as shown in equation 2.1. 
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(2. 1 ) 

The inverse document frequency weight is given in equation 2.2; and the 

composite weight is given in equation 2.3 . 

I _ (I " I DOCJ.1<L!Q, + I) (, Ik - og,2 - og :! 

I = Fer,'O (10 "_ I g DOCFllEQ, + I) C sk li:._ lk g 2 O :! 

(2.2) 

(23) 

Where document frequency, or DOCFREQ/(, is the number of documents in the 

document col lection where term k appears at least once and n is the number of 

documents in the collection. 

The weights are also calculated based on signal-noise ratio and on the term 

discrimination values. But these methods are not widely used since the signal-

noise ratio does not give optimal performance in a retrieval environment and the 

term discrimination values are computationally expensive (Salton and McGill , 

1983). 

While the rows of the matrix represent the individual document vectors , the 

columns identify the term assignments to the documents. That is , a column , j, of 

the document vector matrix reflects the assignment of TERMj to the documents of 

the col lection. A simi larity measure between pairs of columns SIMILAR(TERMk, 

TERMh) , reflects the sim ilarities between TERMk and TERM,,; and the similarity 

measure is used in the automatic thesaurus construction (Ibid.). Given term 

vectors of the form TERMk = (11k, 12k, . '" Ink) , where Ilk indicates the weight or value 

of TERMk in document i and assuming n documents in the collection , a typical 

similarity measure may then be defined as : 
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" 
SiMiLAR, ('lEIIM .. , 7 El?M" ) = I>, .. * I,,, (2.4) 

,- I 

Or, using a normalization factor to limit the computed results to values between 0 

and 1, 

" L I 'k * f'lI 
SiMiLAII, (7ERM .. , tERM ,, ) = ~'p"'=== 

" 
(2.5) 

L" ~' :;. I I~' 
1=1 

The first coefficient shown in equation 2.4 , SIMILAR1, is sca lar product of term 

vectors. The second coefficient shown in equation 2.5, SIM ILAR2, is the cosine 

coefficient The cosine measure is easy to compute and appear to be as effective 

in retrieval as other more complicated functions such as overlap and asymmetric 

measures (Ibid.) 

WORDSPACE (or Semantic vector) models have received considerable attention 

from researchers in natural language processing over the past 15 years, though 

their invention can be traced at least to Salton's in troduction of the Vector Space 

Model for information retrieval. The WORDS PACE is very much like a term-

document matrix as described in table 2.1 , with two main differences (Widdows 

and Ferraro, 2008) 

1. Instead of recording which terms occurred in which documents, we record 

which terms occurred near to frequent , important content-bearing terms; 

and 

2. To compress this information into fewer dimensions, techniques such as 

Latent Semantic Analysis (LSA) , Random Projection, and Hyperspace 

Analogous to Language are used. 
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2.5.2. Wordspace or Semantic Vector Models 

The general idea behind WORDSPACE or semantic vector models is to use 

distributional statist ics to generate high-dimensional vector spaces , in which 

words are represented by context vectors whose relative directions are assumed 

to indicate semantic Similarity (Sahlgren, 2005). This assumption is motivated by 

the distributional hypothesis, wh ich states that words with sim ilar meanings tend 

to occur in sim ilar contexts. According to this hypothesis , if we observe two words 

that constantly occur with the same contexts, we are justified in assuming that 

they mean similar th ings. Note that the hypothesis does not require that the words 

co-occur with each other; it only requires that the words co-occur with the same 

other words (Ibid.). 

In other words, the WORDSPACE mode! is a spatial representation of word 

meaning. Its centra l idea is that semantic similarity can be represented as 

proximity in n-dimensiona l vector space matrix, where n can be any integer 

ranging from 1 to some very large number which is determined by the number of 

columns in the matrix as discussed below. Of course, such high-dimensional 

spaces are imposs ible to visualize, but we can get an idea of what a spatial 

representation of semantic similarity might look like if we consider a 1-dimensional 

and a 2-d imensional WORDS PACE, such as those represented in figure 2. 2. 

In these geometric representations , spatial proximity between words indicates 

how similar their meanings are. As an example, both WORDSPACEs in figure 2.2 

depicts 'oud' as being closer to 'lure' than to 'guitar', which should be interpreted 

as a representat ion of the meaning similarities between these words: the meaning 

(of) 'oud' is more sim ilar to the meaning (of) 'lute ' than to tile meaning (of) 'guitar'. 
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The core idea behind WOROSPACE models is that words and concepts are 

represented by points in a mathematical space, and this representation is learned 

from text in such a way that concepts with similar or related meanings are near to 

one another in that space. Such models are designed to represent words and 

documents in terms of underlying concepts, and as such can be used for many 

, 
' . semantic (concept-aware) matching tasks sLich as automatic thesaurus 

generation, knowledge representation , and concept matching (Widdows, 2008). 

IUle otICl sitar 

(I) 

l\IIe 

(lull 

[~ lIit<1r 

(2) 

.\d.lpkd 110111 S:lhl gr~n (2006) 

Figurc 2.2. ( I) A I-dilll cusiollal WORDSPA CE, alld (2) a 2-di lll clI siollal WORDSI'ACE. 

The Lise of spatial proximity as a representation of semantic similarity is neither 

accidental nor arbitrary. On the contrary, it seems like a very intui tive and natural 

way for LIS to conceptualize simi larities (Sahlgren , 2006). 

In the standard WOROSPACE methodology, the high-dimensional vector space is 

produced by collec ting the data in a co-occurrence matrix F, sLich that each row 1", 

represents a unique term I and each colLimn /"" represents a context c, typically a 

multi-word segment SLich as a document , or another term . In the fonner case , 
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it very straight-forward to oompute semantic; sim ilarity between terms we simply 

compare their context vectors using any of a wide range of possible vector 

similari ty measures, such as the cosine of the angles between the vectors, or the 

sca lar product of the vectors (Ibid ) 

2.5.3 . Pros and Cons of Words pace Models 

The main attractions of WORDSPAC E models, according to Widdows and Ferraro 

(2008) and Sahlgren (2005) , are basical ly 

• They can be built using entirely unsupervised distributiona l analysis of free 

text. 

• They make very few language-specific assumptions (e.g. , it is possible to 

bui ld a WORDSPACE model provided only that we have re liably tokenized 

text) That is , WORDSPACE models constitute a purely descriptive 

approach to semantic modeling; it does not requi re any previous linguistic 

or semantic knowledge, and it only detects what is actually there in the 

data. 

• The WORDSPACE methodology makes semantics computable ; it allows us 

to define semantic simi larity in mathematical terms , and provides a 

manageable implementation framework 

• The geometric metaphor of meaning - the one that is shown in figure 2.2 -

seems intuit ive ly convincing, and is consistent wi th empirical results from 

psychological studies. 

• Vector spaces are mathematically well defined and well understood; we 

know how vector spaces behave, and we have a large set of algebraic tools 

that we can use to manipu late them. 
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WORDSPACE models are theoretically attractive and experimentally successfu l. 

Over several years , the strengths of these models have been examined and 

eva luated in the performance of several tasks of importance to natural language 

processing (Widdows and Ferraro, 2008). Such applications of semantic vector 

mode ls to date are listed by Widdows and Ferraro (2008) as follows 

• Information retrieval (Deerwester et ai , 1990). Thi s was the orig inal 

rnotivation for applying dimension reduction to a term-document matrix , in 

the hope of creating a more semantica lly aware search engine (e.g., a 

search engine that can locate documents based on synonyms and re lated 

terms as well as matching keywords). 

• Lexical and ontology acquisition (Hearst and Schutze, 1993; Widdows, 

2003). The core principle here is that knowledge of a few seed words and 

thei r relationships can help to infer analogous relationships for other similar 

words that are nearby in the semantic vector space. 

• Word sense discrimination and disambiguation (Schutze, 1997; Schutze, 

1998). The core principle here is that the weighted sum of vectors for words 

found in a particular region of text (ca lled context vectors) can be clustered , 

and the centroids of these clusters can be treated as word-senses 

occurrences of an ambiguous word can then be mapped to one of these 

word-senses, with a confidence or probability derived from the similarity 

between the context vector for this occurrence and the nearest centroids. 

• Document segmen tation (Brants et aI. , 2002) . Given that we can compute 

context vectors for regions of text, one can detect document boundaries 

when context vectors leap from one part of the space to a completely 

different part of the space. 
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• Representing onlin" c;o ll1ml-lnilie~ <lncl Isnowleclge (Mcarthur and Bruza, 

2003) As the amount of information shared in online communities (Usenet 

groups, mailing list archives, web forums, etc) grows, it is increasingly 

important for new users to be able to evaluate and distinguish important 

information. One way of doing this is to model the utterances observed in 

online communit ies using semantic vector representations . 

Although theoretically attract ive and experimenta lly successful , WORDSPACE 

models have efficiency and scalability problems. This is especially true when the 

models are faced with real-world applications and large scale data sets or 

document collections. The source of these problems is the high dimensionality of 

the context vectors, which is a direct function of the size of the data. If we use 

document-based co-occurrences, the dimensionality equals the number of 

documents in the collection, and if we use term-based co-occurrences , the 

dimensionality equals the number of unique terms in the document collection , 

which tends to be even bigger than the number of documents. This means that 

the co-occurrence matrix will soon become computationa lly difficult when the 

vocabulary and the document co llection grow (Widdows and Ferraro , 2008; 

Sahlgren, 2005) 

Another problem with the co-occurrence matrix is that a majori ty of the cells in the 

matrix will be zero due to the sparse data problem. That is, only a fraction of the 

co-occurrence events that are possible in the co-occurrence matrix will actually 

occur, regardless of the size of the data. A tiny amount of the words in language 

are ditributionally related ; the vast majority of words only occur in a very limited 

set of contexts. This phenomenon is well known ; and in a typical co-occurrence 
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matrix , more than 99% of the entries are zero (Widdows and Ferraro , 2008; 

Sahlgren, 2005) . 

2.5.4. Solutions for Hig h Dimensionali ty and Data Sparseness in 

WORDSPACE Models 

In order to tackle problems with very high dimensionality and data sparseness, 

most well-known and successful methods, like Latent LSA and Random 

Projection, use statistical dimension reduction techniques . All share the same 

basic methodology: first sample the data in a standard term-document or term-

term matrix, and then transform it into a much smaller and denser representation. 

Standard LSA uses Singular Value Decomposition (SVD), which is a matrix 

factorization technique that can be used to decompose and approximate a matrix , 

so that the resulting matrix has much fewer columns and is much denser. But, 

dimension reduction techniques such as SVD tend to be computationally very 

costly, with regard to both memory consumpt ion and execution time. For many 

applications , and especially for large vocabularies and large document collections , 

it is not practically feasible to compute an SVD (Widdows and Ferraro, 2008). 

The main insight of Random Projection is that high dimensional vectors chosen at 

random are "nearly orthogonal", in a way that can be formally characterized. A 

matrix is said to be orthogonal if its transpose is equal to its inverse. This relation 

makes orthogonal matrices particularly easy to compute with, since the transpose 

operation is much simpler than computing an inverse (Wolfram , 2009). Thus It 

achieves a result that is for many purposes comparable to orthogona lization 

methods such as Singular Value Decomposition , but spends none of the 

computational resources (Sahlgren, 2005) . The basic procedure for creating :3 
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random basic document vector is extremely brief and easy to implement. Consider 

two vectors which contain mainly zeros (i .e ., they are sparse) , and whose nonzero 

entries are comprised of an equal number of 1 and -1 entries . For example: 

[0 , 0, 0, 1, 0,-1,0,0, 0,-1 , 0, 0, . , 0, 0, 1, 0, OJ and 

[0,-1, 0, Q, 0,1,0,0,0, 0,1 , 0, Q" , Q, 0,-1 , OJ 

It is easy to see that the expected value of the scalar product of two such 

randomly generated vectors is zero. When each coordinate in one vector is 

multiplied by the correspond ing coord inate in the other vector, in most cases at 

least one of the multiplicands is zero. In the rare cases that both multiplicands are 

non-zero, it is expected half the time the signs of the multiplicands to be the same, 

contributing +1 to the scalar product, and the other half of the time it is expected 

the signs of the multiplicands to differ , contribu ting -1 . So on average, these 

contributions wi ll cancel out. To judge orthogonality the angle between the vectors 

is calculated , so it wil l be normalize by the length s of the vectors (i. e. , cosine 

simi larity rather than the raw scalar product), leaving any non-zero results even 

closer to zero. 

Hence, Random Projection does not rely on the use of computat ionally expensive 

matrix decomposition algorithm s like SVD. This makes Random Projection a 

much more scalable technique in practice . 

2.5.5 . Semantic Ana lysis API libraries 

Two AP I libraries, namely the Semantic Vectors and infomap NLP, that are used 

to build WORDSPACE models are reviewed in this paper. 
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Semantic Vectors 1 API library can be used to easily create WORQSPACE rn odels 

from a corpus of free text, and to search such models using a variety of 

mathematical operations including projections and algebraic product operations. 

The API package is created as part of a project by the University of Pittsburgh 

Office of Technology Management, to explore the potential for automatically 

matching related concepts in their technology management domain, e.g. , mapping 

new technologies to potentially interested licensors. The project information can 

be found at http://real.hsls.pitt.edu. 

The other AP I library that is used to create WORDSPACE models is In fomap 

NLP2 It provides a variant of Latent Semantic Ana lysis (LSA) algorithm on free-

text corpora to learn vectors representing the meanings of words in a 

WORDSPACE model. 

While Infomap NLP uses SVD for dimensionality reduction on term-term matrix, 

Semantic Vectors uses Random Projection on term-document matrix . SVD is a 

computationa lly intensive algorithm which is hard to parallelize, and also hard to 

update incremental ly. In contrary, Random Projection is much more scalable and 

easier to maintain incrementally. 

As far as stability and ease of use are concerned , the Infomap NLP API library, 

which is all written in C, had a number of usage problems over the years With 

compiling the core code, with integrating with SVD package, and particularly with 

in terfacing with the databases used to store the vectors (Widdows and Ferraro , 

2008). But , the Semantic Vectors package , which is written entirely in Java, and 

its only dependency so far IS Apache Lucene. It is easy to use, and since 

I A\ ,lil:Jblc al : illlp://sclII(lnt ic\ 'CClors.googlecocie .colll 

- A,·"il"b lc ,ll : htlp :i/illrolll'lp-lllp.sollrccforgc. llell 
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everything is running in Java, had no integration problems at all (Ibid.). Moreover, 

it can be easily implemented to handle a text with a Unicode encoding by 

changing only few of its library classes. 

IOor these reasons , we used Semantic Vectors AP I package for building a 

WORDSPACE model for this research work. 

2.6. INDEXING AND SEARCHING USING APACHE LUCENE 

At the heart of all IR systems there is the concept of indexing: processing the 

orrginal data into a highly efficient cross-reference lookup in order to facilitate 

rapid searching. 

Suppose we needed to search a large number of files , and we wanted to be able 

to find files that contained a certain word or a phrase. A vague approach would be 

to sequentially scan each fi le for the given word or phrase. This approach has a 

number of flaws, the most obvious of which is that it does not scale to larger file 

sets or cases where files are very large. This is where indexing comes in: to 

search large amounts of text quickly, we must first index that text and convert it 

in to a format that wi ll let us search it rapidly , eliminating the slow sequential 

scanning process. This conversion process is called indexing, and its output is 

called an index. 

Searching is the process of looking up words in an index to find docLiments where 

they appear. The quality of a search is typically described using precision and 

reca ll metrics. Reca ll measures how well the search system finds relevant 

documents, whereas precision measures how well the system filters out the 

irrelevant documents (Manning et aI. , 2008; Salton and McG ill , 1983). 
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Apache Lucene is a 11igl1 perfQrl1lClnCe, scalClble IR AP I library. It lets us add 

indexing and searching capabilities to our applications. Lucene is a mature, free, 

open-source package implemented in Java; it is a member of the popular Apache 

Jakarta family of projects. As such, Lucene is currently, and has been for a few 

years , the most popular free Java IR library (Hatcher, 2005). 

Lucene is an API library, not a full-featured search application. It is concerned with 

text indexing and searching. Lucene lets our application deal with business rules 

specific to its problem domain while hiding the complexity of indexing and 

searching implementation behind a simple-to-use AP I. We can think of Lucene as 

a layer that applications sit on top of, as depicted in figure 2.3. 

Nowadays a number of desktop applications, web applications, and websites are 

using Lucene. Keller (2009) lists a total of 147 desktop applications and web 

applicat ions, and 134 websites that are using Lucene AP ls for the development of 

their retrieval systems Just to mention from the list ActiveMath , AOL, DB Sight, 

Disney, ICEcore, and jLibrary are among other systems. 

2.6.1. Indexing Using Lucene 

Lucene can handle data from any source , any format , or even any language, as 

long as it is converted to text. This means we can use Lucene to index and search 

data stored in files web pages on remote web servers, documents stored in local 

file systems, simple text files, Microsoft Word documents, HTML or PDF files , or 

any other format from which we can extract textua l information. Similarly, with 

Lucene's help we can index data stored in our databases, giving our users full-text 

search capabil ities that many databases do not provide. Once we integrate 

Lucene, users of our applications can make searches. 
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A few methods of Lucene's public API need to be called in oruer to index a 

document. However, behind the simple API lies an interesting and relat ively 

complex set of operations; Hatcher (2005) breaks them down into three major and 

functiona lly distinct groups: converting data to text, analyzing it, and saving it to 

the index. The operations are descri bed in the following subsect ions . 

. \dapl<:d from II;ll ch~r (200S) 

Figure 2.3. A t~· jlica l appli cat ion integration with Lucenc. 

2.6.1.1. Conversion to Text 

To index data with Lucene, we must first convert it to a stream of plain-text tokens, 

the format that Lucene can process. Suppose we need to index a set of manuals 

in PDF format To prepare these manuals for indexing, we must first find a way to 

extract the textua l information from the PDF documents and use that extracted 

data to create Lucene index. We face the same situation if we want to index 

Microsoft Word documents or any document format other than plain text Even 

when we are dealing with XM L or HTML documents , which use plain-text 
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characters, we still need to prepare the data for indexing, to avoid index ing things 

like XML elements or HTML tags, and index the real data in those documents. 

2.6. 1.2. Analy$is 

Lucene splits the textual data into chunks , or tokens , and performs a number of 

optiona l operations on them. For instance, the tokens could be lowercased before 

indexing , to make sear"ches case-insensitive. Typical ly it is also desirable to 

remove al l frequent meaningless tokens from the input, such as stopwords (a, an, 

the, in, on, and so on ) in English tex t. Similarly, it is common to analyze input 

tokens and reduce them to their roots or stems. This very important step is called 

analysis in Lucene's terminology. Th is process performs the first three text 

operations: lexical analysis, elimination of stopwords, and stemming (Baeza-Yates 

and Ribeiro-Neto, 1999) . 

2.6.1 .3. Index Writing 

After the input has been analyzed , it is ready to be added to the index. Lucene 

stores the input in a data structure known as an inverted file index. This data 

structure makes efficient use of disk space whi le al lowing quick keyword lookups 

(Hatcher, 2005) . What makes this data structure inverted is that it uses tokens 

extracted from input documents as lookup keys instead of treating documents as 

the central entities . In other words, instead of trying to answer the question "what 

words are contained in a given document?" this structure is optimized for 

providing quick answers to "which documents contain a given word X?" 

A log ical view of a Lucene index can be considered as a black-box represented by 

group of documents that are populated with fields that consist of name and value 



pairs. The field indicates the part of a document which this term came from (e.g. , 

title or content of the document). 

Doc 2 
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Figure 2.-'- The logica l vicw of it Luccllc index 

The logical view of a Lucene inverted file index for book document collections is 

given in figure 2.4. The corresponding inverted file index of Lucene for book 

document collections is shown on figure 2.5. In figure 2.5, as an example, two 

terms ('Andy Hunt ' and ' Bob Flaws ') are indexed from author field and other two 

terms ('action ' and 'junit') are indexed from contents field of the documents. The 

more outstanding feature of the inverted index created by Lucene than the 

traditional method is that the Lucene index has rooms for the data source or fi eld 

(Hatcher, 2005; Harman et ai , 1992). The corresponding statistics about the term 

such as document frequencies and position of the term within the documents are 

also stored in the file structure. 
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Figul'e 2.5. Inverted file index format of Lucellc. 

2.6.2. Searching Using Lucene 

When we are querying a Lucene inverted file index, an ordered collection of hits is 

returned. The hits collection is ordered by score. Lucene computes a score (a 

numeric value of relevance) for each document , given a query. The hits 

themselves are not the actual matching documents, but rather are references to 

the documents matched. Lucene uses equation 2.3 to determine a document 

score based on a query (Hatcher, 2005). 

2:: FREQ" . I/)}. ;. boos! (k .field iIl1)OC) i ellg!hNol'l7l(k ..field ill DUe) (2.4) 
klllQ 
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Where FREQ,k is teTm freqLlency factor for the term I< in the docLlment i, 

IDFk is inverse document frequency of the term k, 

boost(k.field in DOC) is field boost which is set during indexing, and 

lengthNorm(k.field in DOC ) is normalization value of a fi eld . 

The equation is based on the composite weight , which is the product of term 

frequency and inverse document frequency as given in equat ion 2.3. 

In most applications that display search results , users access only the first few 

documents , so it is not necessary to re trieve the actual documents for all results ; 

we need to retrieve only the documents that will be presented to the user (Ibid.). 

For large indexes, it would not even be possible to collect all matching documents 

into available physical computer memory. 

2.7. INFORMA TlON RETRIEVAL EFFECTIVENESS EVALUA TlON 

The two most frequent and basic measures for information retrieval effectiveness 

are precision and recall (Manning et aI. , 2008). 

If RETREL, is defined as the number of items retrieved and relevant , RETNRELi is 

the number of items retrieved but not relevant , and NRETRELi is the number of 

items relevant but not retrieved for query i, then the recall and the precision for 

query i is defined as 

(25) 

P!?!.;('ISI()N ~ HE711.FL, 
, RI'.DU:;L + HE INRic'!. , , 

(2. 6) 
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A user-oriented recall-average, reflecting the performance an average user can 

expect to obtain from the system, may than be defined by taking the arithmetic 

mean, over NUM sample queries, of expressions 2.7 and 2.8 (Sa lton, 1983). 

. I NUll IIE'f'R1,I_, 
;ll 'LRA GLRL'CALL." =-- "" 

, . NUM ft NE'IRU_, + NHI~ n?l'I, 
(2.7) 

(2.8) 

2.8. THE AMHARIC LANGUAGE 

Amharic language is the official and working language of Ethiopia It is the most 

widely spoken language throughout the country. It is spoken principally in the 

central highlands of the country It is also spoken and written as a second 

language in many parts of the country and spoken by significant number of 

Ethiopians living in the Middle East, Asia , Western Europe, and North America . 

According to a 2006 estimate, there were approximately 17.4 million speakers of 

this language (Ask, 2009). Amharic is an Afro-Asiatic language of the Southwest 

Semitic group and is related to Ge'ez, which nowadays becomes the liturgica l 

language of the Ethiopian Orthodox church; it also has similarity with Tigre, 

Tigrinya, and the South Arabic dialects (Encycloped ia Britannica , 2008; 

Alemayehu and Willet , 2002) . 

Amharic uses the Ethiopic wri ting system. Ethiopic origina lly developed for writing 

the Semitic language Ge'ez. Ge'ez itself now limited to liturgical usage, but its 

script has been adopted for modern use in writ ing several languages of Eth iopia 

and Eritrea, including Amharic, Tigrigna and Tigre (Unicode , 2006). 
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2.8 .1. The Amharic Writing System 

Amharic has been a writ ten language for more than 600 years. It uses the Eth iopic 

wri ting system which is originated from the Semitic scripts like Hebrew and Arabic. 

Although its root can be traced back to the original Semitic writing systems, it 

would not be classified as Middle Eastern script (Unicode, 2006) . The writing 

system is syllabic (Ibid.) . That means, unlike alphabetic writing systems, vowels 

and consonants are not written separate ly. 

Unlike Arabic and Hebrew, Ethiopic is written from left to right. The Ethiopic 

system makes no distinction between upper and lower case letters and has no 

conventional cursive form . Word boundaries are indicated by two vertically placed 

dots like a colon C:'); though , these days spaces are often used for word 

delimiting. A sentence boundary is indicated by four dots C :' ). The old form of the 

question mark, three vertically placed dots Ci ' ), has been replaced by the question 

mark C?' ). Quotes are usually in the French style C« ' and '»') and parentheses 

and exclamation marks are as in the Roman system CC , ')' and 'I') (Bloor, 1995). 

Ethiopic dig it glyphs are derived from the Greek alphabet (Unicode, 2006) . But in 

modern use, European digits are often used. The Ethiopic number system does 

not use a zero, nor is it based on digital-positional notation. For example, 23 is 

written as iW and 3545 is written as ;'i'i.?;ii?; 

2.8 .2 . Ambiguities in Amh ari c Wri ting System 

Ambigui ties in Amharic writing are mostly due to symbol redundancy (Yacob, 

2005). For example, four distinct syllables can represent the sound Iha/: Ii ," 'j ')'i , 

two sets represent Is/ () ". and two Its/ ~, () The 44 labia lized consonant 
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symbols are also redundant , wholly or partially, and there is considerable variation 

in the spelling of many words that may involve them . A similar problem is 

obsel'ved in usage of some letters such as " I:.' vs ',1'. ', ' Ii,,' vs '11 ', and " I ' vs "/" '. 

Table 2.1 indicates these variat ions with few Amharic words. 

In addition to the symbolic redundancy of characters , Amharic suffers slightly from 

visual redundancy in a few cases. Most prominently the vowel markers of; ' (l). ' and 

'm.' , ''1'' and 'T , '/' " and ' ;r' , ' Po.' and 'W, "/ .. ' and "1'· ' are similar enough that the 

former characters are often interchanged in words with the latter. Additionally , the 

le tter " I: ' is often used in place of " I", ' (e.g . " I",'rC ' vs " I:'rc:' ). 

Tallie 2,]' Sy mbolic redundallcy of' Amharic worcis. 

Canoni cal Common Amharic Possible but 

Amharic Improbable 

Amharic 

(~f\ 911 id\9 11 01\911
, )\1\9" 

0, /1.£1. 'A'I.r.., o 'I,e. , Y"h .e 'AUJ~ f Y\,/l,(~ , 1\""l" ... , 

'A; ... ,r..,y, ·fJ.{'.., 

tJU .e., (J ' /I'(" I lJ''iJ~, O:}g., 

o·fl.e 

:~ p. t\ /"~r). 'jJ'.r\ /"~r)., ;".P.r\ il~r). , ",.('.r\ ()~().: j.er\ ,lIp.A P''1u/~ 1 "I J'..ft 

M"I., :).er\ M"b , 1IJ'.r\ Mrt ,II.!'. r\ M"I., p") "h I . /l.(~ t\ 

1I.!'.r\ /"~()., 'I .e r\ r\~r)','I.P.r\ F· ~r). , Y,er\ /"'1 1)" "IP,A {)It"I" ./,.£l.tI 

tI "I "I" ' ~p.1\ / --'-·""/ .. ,;'1 .eJ\ /H'I"b , UP.A /-"'1"/'1 Mr\., 

'/p.t\ /-,'It" I." h.I!..1\ (llt(). , ' '' ,f~1\ fl""'" Ih ,(I, 1\ "f' .('.. A /)'''''h , "fU!..li 

<"'~ r\. <"'~ (). ,'fl.l'. r\ 

M "I. , 'fl.p.r\ Mr\. 
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Another amb iguity arises from various forms of spelling for the same word as in 

''''/C,!'9''' vs ''''it.!'9'' ', and 'm·'/' :'" vs " 1" /' :/" , '111'/':/" , " !I. ''/- ' . The different forms of 

spelling ambigui ties are shown in Appendix I. 

Another problem of the Amharic writ ing system is that the failure of the system to 

ind icate gemination. There are numerous cases of minimal pa irs of words In 

Amharic where the only difference in pronunciation is the presence and absence 

of gemination (e.g. , la lel 'said ' and la llel 'is present') , but th is difference is not 

reflected in the orthography since both are wri tten as MI. 

Sti ll other types of ambiguities , which are highly associated wi th term tokeniza tion, 

are inconsistencies in writing some words and abbreviations. The inconsistent 

manner of writing refers to words such as 'f.'/'(f/} ·I/ ,/I> ·(;, vs ' f .'l' {/"'I/ II1)·C' that can 

be written as one word or phrase. 

2.8 .3. Ethiop ic and Unicode 

Although tllere are many local endeavors in computerizing the Ethiopic Alphabet, 

the works done so far lacked standards. Nowadays , there are over 40 Ethiopic 

word processing software products available, each with its own character set, 

encoding system , typeface names, and keyboard layout (Kitaw, 2004). An 

encouraging development is the inclusion of the Eth iopic character set in the 

Unicode 3.0 standard released in the year 2000, for the fi rst time . Unicode refers 

to the family of standards and technologies associated with the Unicode 

Consortium that can be utilized for working with a written language in a computer 

environment (Yacob, 2006). 
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The syllables of the Ethiopic script are traditionally presented as a two-

dimensional matrix of consonant-vowel combinations. In the Unicode's character 

code table for Ethiopic, the code space range U+1 200 to U+1357 is interpreted as 

a matrix of 43 consonants crossed with 8 vowels, making 344 conceptual syllables 

(Appendix /I ) 

The character code table for Ethiopic also has a representation for Amharic 

punctuations and digits. For example, U+1361 represents the traditional word 

separator (': ' ). 

2.8.4. Stemming for Amharic 

Amharic stemming algorithms have been developed by different parties of 

researchers . Alemayehu and Wi llet (2002) developed an iterative and context-

sensi tive stemmer that removes both prefixes and suffixes; Alemu and Asker 

(2007) developed a ru le-based stemmer that uses machine-readable dictionary to 

reduce terms to their root forms. 

The stemmer developed by Alemayehu and Willet (2002), which is reported to 

have an accuracy of 95% to a test file of '1221 words, removes affixes iteratively. 

That is, it is a kind of affix removal stemmer. The original stemmer uses SERA 

(System for Ethiopic Representation in F,SC II ) to represent Ethiopic scripts. 

According to SERA, fi rst an Ethiopic syllable should be transliterated to Latin 

based characters with consonants and vowels. For example , '"I,' , ',/£' , and '(HI' are 

represented as 'gi ', 'jo', and 'ma', respectively. 

The other stemmer developed by Alemu and Asker (2007) is reported to have an 

accuracy of 65% for an old-fashioned ficti ,)n text (a book entitled '(I::/'C Mltl 
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(11'.<)',11(; ') and 75% for news articles from two Ethiopian news agencies The 

different accu racy levels for varied corpora are an indication that the algorithm is 

domain dependent. Like the previous stemming algorithm it also uses SERA to 

represent Ethiopic scripts. 

2.9. RELATED WORKS 

Related works to this research are studied in the following subsections. Wh ile the 

first subsection deals with Amharic thesaurus, the second one deals with non-

Amharic thesaurus. 

2.9.1 . Amharic Thesa urus 

Bekele (1992) and Yoseph (2005) have tried to develop thesaurus related to 

Amharic language. Their endeavor was to develop bilingual thesaurus in water 

technology and commercia l law domains, respect ively. 

2.9 .1.1. English -Amharic Bi lingual Thesaurus for Commercial Law 

Yoseph (2005) with domain experts intellectually generated thesaurus terms for 

the commercial law domain and evaluated its performance using an indexing and 

searching system that is bu il t in-house. 

In the process of generat ing the bilingual thesau rus, a semi-automatic approacll 

was utilized. First ly , the researcher constructed an English monol ingual thesaurus. 

This was done using facet analysis technique in consultation with domain experts. 

After the identi fi cation of facet structure, candidate terms were identified 

automatically from machine-readable text database prepared from the 

Commercial Code of Ethiopia , which is already available in PDF format Fwm the 

candidate terms stopwords (non-content bearing words) were eliminated. 
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Secondly, the terrns extracted through the deductive approach by the dornain 

experts and those terrns generated through rnachine assistance were rnatched ; 

and those terrns which were assurned relevant for the thesaurus by the dornain 

experts were added to the terrn bank. All of these processes are perforrned with 

extensive rnanual intervention. This process requires highly skil led experts in a 

subject dornain and also is a highly conceptual and knowledge intensive task; and 

therefore it is extrernely labor intensive and tirne consurn ing; and also suffers low 

coverage (You and Chen, 2006). 

For the final construction of Arnharic thesaurus , the researcher took advantage of 

the parallel nature of the Commercial Code of Ethiopia corpus. Hence, direct 

translation was rnade to construct the English-Arnharic bilingual thesaurus , due to 

the perfectly parallel nature of the corpus. 

The evaluation was carried out by rneasuring the retrieval perforrnance of the 

indexing and searching systern , which is built by the researcher, with respect to 

the rnonolingual versus the bilingual thesaurus . <ll>" well-known retrieval 

perforrnance rneasures (i.e., precIsion and recall) were used during the 

experirnent. But the indexing and searching systern was built on Microsoft Access 

database rnanagernent systern , which is not proper a'i 1"81" as IR is concerned. A 

database rnanagernent systern deals with an organized and well-st ructured data 

iterns, wh ile IR deals with huge collections of unstructured and unorganized 

information iterns such as rnultirnedia , pictures , and docurnents (Manning et ai , 

2008; Baeza-Yates and Ribeiro-Neto, 1999). 
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2.9.1.2. English-Amharic Bilingual Thesaurus for Water Technology 

Bekele (1992) manually developed a thesaurus for water technology terms and 

stored a sample database of the index terms using CDS/ISIS database package. 

Instead of constructing the thesaurus based on some manual or automatic 

thesaurus techniques, an already existing English thesaurus known as Interwater 

Thesaurus for Community Water Supply and Sanitation was used as a source 

material. The remaining task was to translate the thesaurus to Amharic. So as to 

facilitate the translation process, the researcher along with domain experts 

compiled an Amharic Water Technology dictionary based on Amharic dictionaries, 

Amharic documents, and audio-visual materials dealing with water. 

Finally, it was repor'ted that a sample database of the index was formed using 

CDS/IS IS program to demonstrate how the thesaurus works. But. from the 

research paper, it was not clear how the thesaurus was integrated to tile index. 

Moreover, no evaluation was made on the system. 

2.9 .2. Non -Am hari c Thesaurus 

In the subsequent subsections research works on the construction of English, 

Arabic, and Chinese thesauri are discussed. 

2.9.2.1. English Monolingual Thesaurus 

Cilen et al. (1995) automatically generated a domain-specific, English 

monolingual thesaurus by analyzing stored documents using externally acquired 

controlled term (key-word) lists, automatic indexing techniques , and statistics-

based cluster analysis algorithm , asymmetric co-occurrence analysis The domain 
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for the thesaurus was the Worm Community System The data existing in the 

Worm Community System include: archival data such as gene descriptions, a 

physical map, DNA sequences , a cell list, and cel l li neage; formal and informal 

literature such as the Worm Reference Book, journal abstracts, Worm Breeder's 

Gazette articles, conference proceedings, lab directory , and community teachings; 

and analysis software (e.g. , programs for displaying maps and sequences). But, 

tiie researchers used four main sources of textual documents in the Worm 

Community System for thesaurus generation The four sources were the Worm 

Reference Book, Journa l abstracts , Worm Breeder's Gazette , and conference 

proceedings. Their reason for using these sources was that these knowledge 

sources provided different forums for community members to discuss topics 

ranging from finished project and ongoing research , to laboratory observations 

and personal communicat ions; and the vocabu laries used and concepts 

discussed tended to vary significantly. It seems that the researchers were 

considering these text corpora representatives for the Worm Community System 

domain. 

In the term selection and filte ring stage of thesaurus construction, a stemming 

algorithm that takes into account the Engli sh language morphology and a 

stopword elim ination process were carried out. 

Using the stemmed terms , the researchers created two versions of the worm 

thesaurus KB 1 ancl I<B2. The fi rst vers ion, called KB'I , treated the four Worm 

Community System corpora as one. Co-occurrence analysis was performed only 

once for the entire collection. Conversely, KB2 analyzed each corpus individually. 

The researchers first ran CO-OCCUITence analysis against all documents in the 
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Worl)] Reference Boale Then, they ran the same procedure for journal articles, 

Worm Breeder's Gazette, and conference proceedings , respectively. Results from 

the four separate thesaurus generation processes were then combined to form 

one thesaurus. 

A prototype system was developed in ANSI C. It took 9.2 and 4 hours of CPU time 

to generate KB1 and KB2, respectively The resulting sizes for KB1 and KB2 were 

12.3 and 12.6 Mega Bytes, respectively. The researchers also developed an X-

Windows interface to use the thesaurus. 

Both versions of thesauri , KB 1 and KB2 , were tested by objective and subjective 

measures. The objective testing measure was based on precision and recall 

retrieval performance measures. On average the recall level without using 

thesaurus was at 28.60%; whereas using KB1 and KB2 were at 61 .89% and 

59.56%, respectively On the other hand, the thesauri produced low average 

precision levels ; without using thesaurus it was 77.08% ; and using KB 1 and KB2 it 

was 24.17% and 23.66%, respectively. 

The subjective measure was carried out wi th six subjects. These subjects 

included two experts, two novices , and two outsiders. Different subjective type 

questions were asked while using both versions of thesauri and the feedbacks of 

these subjects was analyzed. The evaluation resul ts indicated that both vers ions 

of thesauri perfor-med equally well , did produce relevant terms, did improve recal l, 

and would be useful to the Worm Community System. 

Furthermore, an outstanding feature of the resulting thesauri was that their ability 

of automatic and periodic update of their vocabularies and re lationships . 
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2.9.2.2. Arabic Monolingua l Thesaurus 

Ghwanmeh et al. (2005) automatically generated an Arabic monolingual 

thesaurus. The corpus they used for the thesaurus generation was composed of 

documents that deal with computer science, education , Arabic language, 

information system , and engineering They took abstracts of 242 of such 

documents. The documents contain on average size of 300 words. 

The Arabic language has one basic difference with English : Arabic is written 

without vowels that leads to different meanings for the same letter sequence. But 

this ambiguity was not dealt with in their research. 

In the term selection and filtering stage of thesaurus construction , though the 

researchers eliminated stopwords based on term frequency, they did not use 

stemming. They discarded terms ei ther their total frequency is less than 3 or more 

than 7. 

At the next stage of thesaurus construction, after constructing an inverted file , they 

used the indexed terms to build the thesaurus. Basically the thesaurus was build 

by computing term-term similarity using cosine simi larity function . The inverted file 

was made on Microsoft Access database using Visual Basic 6.0 programming 

language. This process has a serious drawback. A database management system 

deals with an organized and well-structured data items, while IH deals with huge 

collections of unstructured and unorganized information items such as multimedia , 

pictures, and documents (Mann ing et aI. , 2008; Baeza-Yates and Hibeiro-Neto, 

1999) . 
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In order 10 eva luate the performance of the thesaurus generated, the researchers 

used the precision and recall retrieval performance measures with and without 

using the thesaurus for query expansion. In their experiment they have used 50 

queries selected from the document collections. In the experiment they got an 

improvement in the retrieval performance with respect to recal l. An average recali 

of 85% and 57% achieved in using and without using thesaurus. But a reduction 

from 39.2% to 27.5% in average precision level was observed while using 

thesaurus. 

2.9.2 .3. Chinese Monolingual Thesaurus 

Foo el a/. (2000) automatically generated a Chinese monolingual thesaurus in the 

Economics domain. For the actual generation of thesaurus , asymmetric term co­

occurrence analysis, as the previous research for English thesaurus construction , 

was used. The corpu s used for this research was comprised of three months 

economics news items (documents) downloaded from the People 's Daily 

newspaper website. The original 900 documents were filtered down to 811 

documents after elim inating those documents that were either too short or 

containing little information worth indexing. 

Unlike English, in Chinese there is no word delimiter. Moreover, it is inappropriate 

to carry out word stemming and stopword elim ination. The researchers util ized a 

Chinese dictionary ca lled Economics Terminology Diclionary for term selection 

and filtering . In addition to the dictionary terms , for co-occurrence analysis, an 

extra word extraction step known as word segmentation from the collected corpus 

was done. 



Instead of developing a new Chinese IR system , the generated thesaurus was 

integrated to an English IR system called Managing Gigabytes, after adapting the 

system to Chinese. 

Fina lly, to evaluate the generated thesaurus, a set of queries was derived after 

manually reading through the complete corpus. Likewise, the documents relevant 

to the queries were also identified. A total of 30 queries and the relevant 

documents for each query were derived and identified. This formed the basis for 

the retrieval effectiveness experiments . Average recalls at different percentiles for 

three word segmentation approaches, with and without using the thesaurus for 

query expansion , were reported. In all cases , the use of the thesaurus has 

significantly improved the document recall. On the other hand, the 

experimentation showed a drop in precision 

2.10. LESSONS LEARNED 

The basic lessons drawn from the literature review are the necessary steps that 

should be followed in automatic construction of thesauri based on corpora and 

techniques on the evaluat ion of the automatical ly generated thesaurus. The 

fundamental steps that are followed in the automatic construction of thesauri are 

outl ined as follows: 

1. Construction of vocabulary. This stage includes normalization and selection 

of terms. The normalizations are achieved through stabilizing spelling 

variations , discarding digits, eliminating stopwords, and stemming 
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2. Similarity computation for identification of statistical associations between 

terms. This can be done in different techniques such as Latent Semantic 

Analysis and Random Projection 

3. Organization of vocabulary generally into a hierarchy structure based on the 

association computed in the above stage. This can be achieved by utilizing 

clustering algorithms. 

Huge collections of documents are needed in a specific domain for corpora based 

automatic thesaurus construction. The rule of thumb for the determination of the 

corpus size is that it should be representat ive of the domain. 
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CHAPTER THREE 

DEVELOPMENT OF THE THESAURUS 

Automatic development of the thesaurus is gOlle through the process of creation 

of an inverted file index for a specific document collection, construction of 

Document s 

,...................................... I········································ 
Tex t Operati c n (A nalysis) 

l.ex icnl 
Analysis 

1+---+-_._-

Stemming 

Stop\\,ord 
Elill1ination 

···················...11································· ... , 
~ 

~ Inverted Index 

... 

\40R DSPACE 

--=r=-.---vV 

Thes:auruJs. ' 

' · 7 . __ . . 

Term 

Search 

I 

Figure 3.1. Thc sys tem architecture of ti ll jh c~ aul'tl s generation system. 
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WORDSPACE model based on the inverted file index, and searching the 

WORDSPACE to generate thesaurus terms. 

The system architecture fOl' thesaurus generation system is depicted in figure 3.1. 

Basically the system architecture has text operation (i.e ., lexical analysis , 

stemming, and stopword elimination) , indexing, and WORDSPACE components. 

The system accepts document co llections , applies text operation on the 

documents, and adds the documents to the inverted file index. Based on the 

Inverted file index the WORDSPACE model wil l be built. The resulting 

WORDSPACE model is then searched with a term from the WORDSPACE model 

to generate the nearest neighbors of the term ; these nearest neighbors are 

automatically generated thesaurus terms for that particular term . The system 

components are discussed in the later subsections. 

3.1. TEXT OPERA TlON AND INDEXING SYSTEM COt"v1PONENTS 

The algorithm for developing the inverted file index is given in figure 3.2. The 

parent directory , DOC_D IR, is the directory where the Amharic docLiment5 reside. 

Since document files are stored in subdirectories within the parent directory, the 

algorithm has to recursively search through the subdirectories. FILE_ ITEM can be 

a document or a file directory. If a FILE_ITEM encountered is a document, then 

the algorithm applies text operations or analysis (i.e., lexical analysis, stopword 

el im ination, and stemming) ana adds the document to the inverted file index. 

During text operations (or analysis), for lexical analysis , Amharic and English 

digits , Amharic and English punctuation marks, leading and trai ling spaces , and 

other non-letter characters are discarded. Amharic word syllables are normalized 

for spelling incor,sistency (see section 282) which is not uncommon in w,·itten 
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Amharic. Basically the normalization is to map different spelling variations to 

common one. 

1. Open parent directory, DOC_D IR 

2. Open sub DOC_DIR 

3. For each FILE_ITEM in the sub DOC DIR 

If the FILE_ITEM is Directory 

GOTO 2 

Else 

Apply text operation on FILE_ITEM 

Add the FILE ITEM to the inverted file index, INDEX DIR - -

Figu rc 3.2. A Igo !'ith 111 1'0 r creat ill g. in ver ted Ii Ie ill ilex. 

In the second step of analysis, stopwords are elim inated from word tokens. A list 

of stopwords (or a negative dictionary) is compiled from Alemayehu and Willet 

(2002) and Tessema (2007) ; and some other list of stopwords is also added to the 

list by consulting with domain experts. Some of the stopwords can occur in many 

different forms (e.g. , ~,'/II. IJ m,'tIl.IJ II~,'/II. IJ \'~I'tI/,IJ MI'/II.1i etc. for stem l/.Ii ) If 

all the different forms of the stopwords were included , the list would have been 

very long. Therefore , such variants are stemmed to their root form and stopword 

elimination is accompanied wi th stemming. The list of stopwords is shown in 

appendix III. 

In the third step of analysis, to stem word tokens to their root term, the stemmGr 

algorithm developed by Alemayehu and Willet (2002) is used. The algorithm is 

implemented in Java by Tessema (2007) after modifying it to suite to Unicode 

encoded text files. The stemmer developed by Alemayehu and Willet (2002) 
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removes affixes iteratively by employing a minimum stem length and context 

sensitive rules; with prefixes are removed before suffixes. For the minimum stem 

length condition, the shortest form of Amharic word is considered to be composed 

of two syllables . Therefore, the stemming is appl ied only on those words whose 

length is more than two syllables . In addition the stemming process deals with the 

removal of the doubling consonants. For example, '/..'11'1'1 ' is stemmed to '/,.1'1'1' by 

removing ' 'I '. Regarding the context sensitive rules two actions (i.e ., to perform or 

not to perform affix removal) would be performed based on a predefined list of 

words. If a word is found in the list, affix removal wi ll not be applied to it. Th is 

operation is done mainly to avoid over-stemming. 

The original stemmer, which uses SERA (Alemayehu and Willet , 2002), is based 

on the idea that Amharic writing system is alphabetic, that is vowels and 

consonants are written separately. The suffix and prefix removing routines 

assume that vowels are represented in writings But, the common written Amharic 

is syllabic, which is vowels are not represented in writings. Moreover, Unicode 

consortium gives codes to Ethiopic alphabets by recognizing it as syllabic 

(Unicode, 2006). So, the implementation of the algorithm in Java for Unicode 

encoded text fi les has considered this discrepancy and made some adjustment. In 

the original algorithm when a suffix wi th a vowel is removed, its last character is 

changed to sades (the sixth order of Amharic character or syllable). Based on this 

the adjustment is to ignore the vowels and take only the consonant as suffix For 

example, the suffix -},··i-'i will become -:r·'i . In light with this , the modified 

algorithm works as follows : if a word contains a suffix , then the suffix will be 

removed and the last character of the remaining word is changed to sades. 
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After the text operation is performed the term is added to the inverted fil e index 

along with its statist ics. The corresponding statistics about the term is document 

frequencies and position of the term within the documents. 

3.2. WORDSPACE MODEL SYSTEM COMPONENT 

After the inverted file index for a document collection is created , the index can be 

mapped to a basic term -document matrix. A WORDSPACE model can be created 

from this term -document matrix , using Random Projection algorithm to perform 

dimensionality reduction. 

1. Open the inverted index for reading 

2. For each document 

Create basic random vector, RAND_VEC 

For each term in the document 

Screen out the term based on field filters 

For each document that contain the term : 

FIIJ~'Q ~ jieqllellc)I oflhe lerm lI'ilhin Ihe dowmell! 

7f>JIMVIX ' -· 7fJIM VI'l' , (FRLQ * 1<.4 N!) f.'FL) 

Normalize TERM_ VEC 

Figure 3.3. Aigil l'i thm for crea tin g \-VO RU SPACE llIudel. 

The algorithm for developing the WO I~DSPACE model is given in figure 3.3. First 

the inverted file index is opened for reading to access the term-document matrix . 

Then for each document basic random vectors are created using Random 

Projection algori thm for dimensional reduction. At the later stage terms are 

screened out. The screen ing out of the terms IS based on the field fi lter anri 
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frequency filter. Since the index terms are from title (i .e., absolute path in the fil e 

system), modified (i.e. , the file 's modification date) , and content (i. e. , string of file 

content) fields of the documents, there is a need to discard terms re lated to the 

title and modified fields information. The field indicates the part of a document 

which this term came from. So the fie ld filter algorithm , filters out terms related to 

the title and modified fields . 

At the final stage, the term vectors are computed and normalized based on the 

term frequency within each document and the random vector produced as an 

output from the Random Project ion algorithm. The WORDSPACE model is 

composed of the normalized term vectors in the document collection. 

3.3. GENERATION OF THESAURUS TERMS 

In order to generate thesaurus terms, the WORDSPACE model is searched with a 

term for which thesaurus matches are requ ired . The algorithm for thesaurus 

generation operation is given in figure 3.4. 

In order to generate thesaurus for a term , the term should be normalized and 

stemmed. Norma lization of spel ling inconsistency of the term is done in the same 

manller as done in section 3.1 for index terms; and to stem the term the Amharic 

stemmer, which is implemented by Tessema (2007) in Java, IS used. Since the 

term is normalized and stemmed, it is possible to proceed to the next operation 
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1. Accept a term for which to generate thesaurus 

2. Normalize and stem the term 

3. Open the WORDSPACE model 

4. Select a term vector that correspond to the term in the model 

5. For each term vector in the WORDSPACE model : 

" 
IJI,;/?t'vl _ VU'*I ERM _ /'IX', 

COS 81M 
,., 
" 

~~TLRM _ V/~C ' * 'IERM _ VLC,' 

6. Compute nearest neighbors for the term vector based on COS_SIM 

Figu re 3.-1. AIl.!,o rithm for thcs:ltlrus generat ion opcl-a lioll . 

The next operation is to open the WORDSPACE model and to select a term 

vector that corresponds to the term for which thesaurus is required Cosine 

sim ilarity, COS_S IM, is computed based on the term vector and all the other term 

vectors in the model. The result provides a candidate list of vectors from which tne 

nearest neighbor is to be chosen . The criterion for choosing nearest neighbors for 

the term is the highest cos ine simi larity value. That is , a term which has higher 

cosine similarity value with the term , for which thesaurus is required , IS more 

related to the term than another term wi th lower cosine similarit y value. 

-
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CHAPTER FOUR 

EXPERIMENTATION 

Automatic Amharic thesaurus generation system is implemented for Amharic Bible 

documents using Apache Lucene and Semantic Vectors APls and its accuracy is 

evaluated. 

Since the stemming and stopword eliminat ion components of the system play an 

important role in the thesaurus generation process, these components are also 

eva luated. The evaluation proceeds as fo llows simp le random samples of 30 

terms are selected from the WORDSPAC E model and are examined carefully 

whether these term s are properl y stemmed or are not stopwords. 

4.1. SYSTEM IMPLEMENTATION 

Thesaurus generation system is developed in such a way that to build up a 

WORDSPACE model based on inverted file index. The resulting WORDSPACE 

model is then searched with a term from the WORDSPAC E model to generate the 

nearest neighbors of the term ; these nearest neighbors are automatically 

generated thesaurus term s for that particular term . The inverted file index is 

created for Amharic Bible corpus in order to train the WO RD SPACE model. 

4.1 .1. Corpus Collection 

For corpus estab lishment Amharic Bible documen ts are downloaded from the 

Lapsley/Brooks FOLindation's3 websi te. The first complete Amharic Bible was 

produced in 1840, c:nd went through several r9visions thereafter The version of 

, ,\, :lIla ble ,," hllll :l/ll 11 '11 ,bible .o rg/rore igll/aillharici (Da le Accessed IO/U81200~) 

58 



Tall ie 4.1. Statistics of thc training and testing datasc( of Am haric Bible documcnts. 

',' 
',', : "'.' 

)i i~~,1i'1~P~lllS~t Trainipg Dataset 
,.; /;-::i\ , ." , '" ') .,::N·i?; Q~ ii iii J? ,I; ' ./ 

No. of 
.8ool( Name i\ HOC~rnB~t : i.? ~~O~N~[I1tl, Docurnepts 

" 

., .... , 

I,t:" lI'i:'I'I.:" 50 fUII/·'; f"'(} (I >'I ,/, A 28 

I.t:,' I/Y.I,:" 40 f}(li/C ¥() m '1'1. A 16 

I.t:" "/tf/'(lI.y ·, 27 I'll , :J>(l (I>'I'/,A 24 

I.d, 11 ",.· A II'" 36 \)\J' ,/t'j() '" '1'1. A 21 

I.t :" /I,v, "19" 34 ?,/t (pcp :/, /nl.. 28 

flUX·, It/., 11 .. f'(} , (!JAY. " t/~ 24 m ,1.'. t.:'0'l. 0 9")" 16 

(JUYI·, II /.. (Ju",r, :'i :" 21 1 ~: mY. .j'·c:"H'1l c) 9'.)'. 16 

(J IIY,' ,h /.. -;. :[. 4 2 ~: m ,1.', ,)', c:"H' Il 0 9 ' :';' 13 

(/ IJK,I,/. , 1)(J IJo{t..(.\ <f' .t~ (Ill Ie 31 mr. ' I ~ :" ,C' C)9':)" 6 

(JI)~' ,h/'. ,)m'·{t..A 'I A 24 m ,1.', Ib!. .. I'·} 1)9':;' 6 

OU Y,·, iI /'. ','1 /"":1' </' ,I; (IIJlJ~ 22 '" f, !..(.'u>" MIl C)9"{ 4 

tlJl i'I·f il /'. ','Ip':,' 'I A 0 25 (1 1,1.', ,)1 ~!l.C~ Il 09':"" 4 

tlIIX:,II /.. J I. r,' {)fll/lvA ,/"t ;tI'll!? 29 1 ;.;: mr, ' /'1)11"'1-/: 0 9 ' :"" 5 

onx· ,It/.. J1/ ,' (llIlpv A '1A 0 36 2~: m$'. ' /'I)I\"'H 1) 9':"" 3 

( j/J i',' , It /.. 0'1/ (', 10 1 r.: mY. m,lln'I: 9 1() 6 

(/Hi',', Il/. , ,!'9"Y 13 2r.: m ,1.', (fl,/PI .,: fJJ () 4 

tlUY,·,h/.. I,!l-i:!: 10 (IIf. ' /:'Y' 3 

tlUX·,iI;'. 1,.1"'11 42 '" f, /. ,A II U ( ,' 1 

(l1I'!/0I'·1. ,I~ '/?:l ' 150 mY. M I(',{)1',r"} 13 

(/IIY,·, /I /.. '"
/
)1\ , 31 1'.1'0.11'11 (lUA>') ,:" 5 

(lUY,·, II /.. mOh'IH ) 12 1 r.: \}A, "p(:'(} flIJA/,~J :I ' 5 

(III ) A IJ fllI;~A .e, , II) 1\"'1"'1 8 2r.: IJP"fJ\(:'fl (lIIAi, }, :" 3 

:" 'il l. ,,' i i, I) p. P(} 66 1;';: ~1 ~J'fl l 'Ul f/ll t.\i,tl :' · 5 

:" -ill. ,,' {"C9" P(} 52 2"': , IJ\J·a,·j(} f/ II Ai\ tl:t' 1 

I).II :!'(/), {t.. .... ?" .cJfl 5 3r.: pr',h'}" oll t.\i\ b:" 1 

:"'111. '" ,'" '11;'-~ .. A 48 {) .e tJ· ,I~ f/Jl Ai,b:,' 1 

:1"111.-1 ' .I ~·j {loA 12 'J ~I' fll 'jfl (" >"e 22 

:" 'i l I. ,,' u'n,o 14 

:" 'III. ," fl.\I·h,A 3 
:" 'ill,.,. ht/oX' 9 

:" 'II I. ," fl ·f IY. ·~J· 1 

:"'1 11 .. " ~I. r,' (l 4 

:" 'Ill,.,. 0'1) I.e () 7 

:" 'Ill,.,. (,' 0 '901 3 
:" 'il l. ' I' ,J'jq .),.?" 3 

:I" ill .. " I' c;: '1,1' () 3 

:"'111 .. " ,/1'/, 2 
:,"111 .. 1' I/'IC; ,c' ll 14 
:"'ifl.," 1I'I.Abp() 4 
Total .i', .... .. x x, , , 929 , 260 

Percentage 78.% , .. ' . ., , 22% 
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4.1.2. Implementation of Inverted File Index 

To create an inverted file index, Lucene API package of version 2.4 .0 is used. 

Lucene 2.4 .04 includes index format changes that are different from older versions 

of Lucene. The Semantics Vector package is compatible only to this new index 

fo rm at (Widdows and Ferraro, 2008) . 

The code snippet for developing the inverted file index is given in Appendix IV. 

The IndexWri ter class of Lucene AP I library contains a method, addDocument, to 

add each analyzed document to the inverted file index. For the add Document 

method to add a document to the index, it requires the Document.add method to 

provide field information (such as the document content, absolute path of the fi le 

document, and the file modification date). While reading a file content , the 

Document.add method expects the file to be in the system's default encoding. If 

that is not the case reading for special characters like Ethiopic characters will fail 

Therefore, to address this problem the code snippet shown in figure 4.1 is written 

to read from UTF-8 encoded Amharic text files and gi ve the content as an 

argument to the method. Full descriptions of IndexWriter.addDocument and 

Document.add methods from Lucene AP I documentation is given in Appendix V 

The text operation is performed by utilizing the AmharicAnalyzer class which is a 

subclass of Lucene's Analyzer class. Basica lly the AmharicAnalyzer class 

discards non-letter characters , normalizes Amharic characters for spelling 

inconsistency, eliminates stopwords, and sterns terms. Code snippets for 

discarding non-letter characters and normalizing Amharic characters for spelling 

inconsistency are given in Appendix IV. The SOUIT:e code of the Amharic Stemmer 

, A "ili Iilblc :It: 111 1 p://lucc lIC.ilpilcl!corg/jill :II (Dille Acccssed O.J/05/200S) 
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written by Tessema (2007) is used to stem terms. The stopwords are eliminated 

after stemming is carried out by using the negative dictionary (stoplist ). The 

reason for applying stopword elimination after stemming is that some of the 

stopwords occur in different forms as discussed in section 3.1. 

File ln putStreal11 file lnput = new File lnputStrea l11(filePath) , 

InputStreal11 Reader inputStreal11 = new InputStreaI11Reader(filelnput, "utf-8"): 

Buff'eredReader bufferedReacier = new Buffered Reader(inputStrea lll) ; 

Strin ul3utTer strinuButTer = new StrinoBuffer() · o 0 0' 

String lineContent = nu ll; 

while ((lineContent = bufferedReaderreadLineO) 1= nul l) { 

stri ngB utTer append (I i neConten t) ; 

String content = stringBufTer.toStringO; 

Figure -L I. Cod c snippet to read from UTF-8 encod ed Amharic text fil es. 

Finally, the algorithm is run to index all of the documents in the tra ining dataset. 

The inverted file index is saved in binary file format on the disk for efficiency 

reasons . To display the index in a human readable manner, an open source tool, 

which is created us ing Java, called LukeS is used. Figure 4.2 displays screenshot 

of the index using Luke. The inverted file index is composed of 21 ,312 index terms 

(or key words) extracted from 929 documents. 

4,1, 3, Development of WORDSPACE Model 

Semantic Vectors AP I package version 1.166 is used to create a WORDSPACE 

model. The source code for developing the WORDSPACE model is given in 

Appendix IV. To open the inverted file index for reading Lucene's AP I class 

, AI ai lablc al : IH lp:l/""" .cclopI.O rgllllkc/ (Dale Accesseci22/l 112008) 
" AIl,i lablc al: !illtLl/cocie.goog lc.eo l1l/p/sc l1ljllllicl·ec lors/ D:He Acccssed 1~/U3/2IlU8 
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IndexReader.open method is used. To create basic random vector, in order to 

apply Random Projection for dimensionality reduction for the term-document 

matrix read from the inverted file index, Semantic Vectors' AP I class VectorUti/s' 

generateRandomVector method is used. The dimension is reduced to 200 using 

the default va lue of the AP I. Lucene's Termfield method is used to filter out the 

modified and title fields as they are not used for thesaurus generation The 

WORD SPACE model is composed of the normal ized term vectors in the 

document collection . 

Inde il name : O:\WithStcrmninu_WrthStoll 
Number of fields : J 

Number of documents: 929 

Number of t erms: 21312 
Has deletmns? I Optimized?: tlo ( Yus 

last modified: f llu May 23 1tNO:51 GMT"03:00 200t! 
Ind~x ... emon. 121S7"j.14~ 

In~ey. rO lm ~ l:-7 ( I..~~ t nl 2.4) 

C .. "~n' C ..... " n'1 \1;;., o1.t~ : (nol ,,,ppo l1~d) 

_ ill PEl-open 

. O commlt 

.. '.~ Close 

fields irom the list below , and press button to view tOI) ~9rms in t hese fields. No SelElctlDIl means all ilelds. 

TOp ranklr1(l terms. (R1oht-chcL fOl" m ore ootlons) 

<contents> tJ-9.:_··~ Rank· - ;; Tf_i~.id ··· " ;Text"" _ ... 
<modlhed> :::.S.~ow rop ' ~~rms :>;: 1 859 <contents> h"'J rU'l -fl1.C 

Number of top terms ' 

:50 
::: H;"t "'~ Shirt-Clid : lo 

: •• l.cl '''''~H" or CIIl·CI,~~ 
" 10 nlit l mult,ple t, .. ld; lor 

: onultClJllj 

2 735 

3 720 
4 67. 
5 65. 
6 639 
7 6 1-1 

8 559 

<contents;:. li ar 

<contents > AJ5 
<contents> ,y"l" 
<contents) he(1 

<contents;:. 'l"' g C 

<contents> .,.,y: 
<conter,ts) 11 "r 

Fi gurc -1-. 2. Scrccll sho( of the im"cr( cd fil c index usin g L llli C. 

Finally, two methods, Write Vectors and WriteVectorsAsText, in Semantic Vectors' 

AP I class cal led VectorStoreWriter, provides methods for writing the learned 

vectors to disk, using one of the implemented file formats (i. e. either an optilllized 

binary format or a simple pipe-delimited text format ). respectively. The bi llary 

format indexes are quite sillaller than the plain text format. In our case , tile binary 
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index size for the Bible term vectors is 2.67 Mega Bytes, where as the text format 

is 640 Mega Bytes. The text format is noticeably slower for searching. But it is 

valuable for interoperabi lity with other software , for example , for exporting a model 

to be manipulated by another analysis tool such as Matlab (Widdows, 2008). Full 

descriptions of the methods from Lucene and Semantic Vectors AP I 

documentations are given in appendix V. 

A pipe-delimited text format for the WORDSPACE model is shown in figure 4.3. In 

the figure the index is in the form Nallle la fial an; where Name is a string 

identifier (i.e. , a word) and the following numbers are the coordinates of the 

corresponding vector. The original class uses Lucene's input and output package, 

which IS proved to be much faster than the Java's native 

java .io.DataOutputStream (Ibid.). In the WORDSPACE model 20,315 term vectors 

are created. The difference in number of terms in the WORDSPACE model and 

the inverted file index is due to the fact that the index terms in the inverted file are 

from title (i .e. , absolute path in the file system) , modified (i.e. , the file 's 

modification date) , and content (i. e. , string of file content) fields of the documents. 

In the WORDSPACE model , however, terms related to the title and modified fields 

must be discarded as they are not needed for thesaurus generation as discLissed 

in sect ion 3.2. Total time taken to develop the inverted file and WORDSPACE 

model is 12 minutes and 8 seconds on a machine running Windows XP 

Professional version 2002 that has Intel dual Core CPU with 240 GHz (Giga 

Hertz) clock speed and 2 GB (Giga Bytes) of RAM. 
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Figll rc ..t.3. A Sanll )lc of pipe-delimit ed text format for the \VORDSPACE llIudel. 
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4.1.4. Generation of Thesaurus Terms 

In order to generate thesaurus terms, the WORDSPACE model is searched with a 

term for which thesaurus matches are required. The source code for generation of 

thesaurus terms is given in Appendix IV. 

In order to generate thesaurus for a term , the term should be normalized for 

spelling inconsistency and stemmed. Normalization of spelling inconsistency of 

the term is done in the same manner as done in section 4.1.2 for index terms; and 

to stem the term the Amharic stemmer, which is implemented by Tessema (2007) 

in Java, is used. Since the term is normalized and stemmed, it is possible to 

proceed to the next operation . 

The next operation is to open the WORDSPACE model and to select a term 

vector that corresponds to the term for wh ich thesaurus is required . To open the 

WORDSPACE model MMapOirecloryopenlnpul method of Lucene API is used. 

To create and normalize a term vector for the given term gelAddiliveQueryVeclor 

method of CompoundVeclorBuilder Semantic Vectors' AP I is used. The method 

returns a normalized term vector created by adding together vectors retrieved 

from WORDSPACE model. Nearest neighbors of the term vector are computed by 

utilizing VectorSearcher.gelNearestNeighbors method of Semantic Vectors API. 

The gelNearestNeighbors method works as follows Cosine similarity is computed 

based on the term vector and all the other term vectors in the model. The result 

provides a candidate list of vectors from which the nearest neighbor is to be 

chosen. The cr iterion for choosing nearest neighbors for the term is the highest 

cosine similarity value. That is , a term which has higher cosine sim ilarity value 
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with the term, for which thesaurus is required , is more related to the term than 

another term with lower cosine similarity value. 

To accept a query term and to display its thesaurus terms a graphical user 

interface is developed. The user interface is created using Swing GUt 

Components, which are parts of the Java programming platform . The screenshot 

of the graphical user interface is shown in figure 4.4. 
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4.2. EVALUATION OF STEMMER AND STOPWORD 

The stemm ing and stopword elim ination components of the system are very 

crucial in the thesaurus generation process. The evaluation of these components 

are proceed as follows : random sample of thirty terms are selected from the 

WORDSPACE model and are examined whether these terms and their morphological 

67 

I 
/ 

J 



Tah le .1.2. Salllpl e le rlll s frolll Ihe WORDSPACE Illollel. 

R.N .. ... ... " .. ~ -- l ~JT~1 ; ...i ..... Properly Sto word 
.'. . .•. •.. . .•. ~ lt'} IIIIII ~'IH" .' ..••• .•••... •••..••• ..•..•....... .. stelT)med P 

1 
2 
3 
4 
5 

6 
7 
8 

9 
10 
11 
12 
13 
14 
15 

17 
18 
19 
20 
21 

'PY: 

{,/..:I··'II /.\ /,/'. :1' {,/.,:/' '''/.\ 1,/'.:/' ''''1:'/' /.\ 1./.,:/· ',"I:"'·"~/.\ 

/,/',:/",11/'\ 

~,~'''ill:/ ' {,~'I ' iLJ"1I {,~'''il/' :I ' {,~'nl/ ' Il {.~'rp,:/ · 

{,~ 'I')'. :/· h~'rfi, {,~'I",' :/ ' r.~'I ' i 

11'" 

'i'IJ 

~,II I.~· {, ~,III.C ~, II I.C II· :/· ~, IIr: ~,IJ(:t.~·:/ · hllr:~ ·{, hIlCI.·/.\ 

~,IIr: I. . ' I" I'/'\ ~,IIr:I.· :"'.; I,'I :"'·'''I /'\ hlJr:c :hn~·",'/.\ ·"hn l.",'/.\ 

}\ '1101)' Y: 

IH/I i/'\ IHJl I'I"/'/.\ 

' /";'11.'11 ' /·""I I. 'Jj ,/·""ll.m·() ·I·""I I.,,,·'}() · /· "" I ~ ·,n ·/ · "" I ~. :/ ' 

'1 ";'1 ~.{, ' I'''' '11.,:/' ' /" ," 1 (.:')'-1/ ' :/' ' /" ,"IC ' /"," Ir: 11:/ ' ' /","Ir: I)' :/ ' 

'/ "," I e l, '1'''''/(::',,:/, '/'''''/(:'1; '1" ;'If,", ' /'''' 'n: 'Jj ./.,,' :Jr: 
,1''0'''' 1.11/.\ ' /',,''', 1.'''/'\ ' /",' '', I.'Jj ,,.,,''''1.'1'/.\ ' /' '0''',1.:-)'-:\/.\ 

./. '" '" (,. {, /.\ ./.", '" (..~, ··r.; ··, /.\ ./",' '" (.,.c' /.\ ./.r,' ''/(: ./. '" "I!~' ~ ··r,:\ /.\ 

./. ". "W' II :.,.. ;", /.\ ./. ,,' ' '/(~' ,1111 /.\ ./ . '" "I!~' ,I P'i /.\ ./.", '" G' ;1 ' /.\ 

· 1, (,· "/c.:'~·A ·/'(,"}c:'r.:A ·/' C,' ''IC:11A _" r, "/it A 

23 /.,I. () 

27 ·Ii',..,· 

Yes 
Yes 
Yes 
Yes 
No 

Yes 
Yes 
No 

No 
Yes 
Yes 
Yes 
Yes 
Yes 
No 

No 
Yes 
Yes 
Yes 
No 
No 

No 
No 
No 
Yes 
Yes 
Yes 
Yes 
No 
Yes 

~otal . . '.' .•..•..•.•. . .... .... ...• . ................•......• :}\ ............ ~ ~'." ...•. . .. . 

Percentage ..... ....... i. ...... . .............. } .. ,.. .........• iii ,(53% <· .. \ 

No 
No 
No 
No 
No 

No 
No 
No 

No 
No 
Yes 
No 
Yes 
No 
No 

No .-
No 
No 
No 

Yes 

Yes 
No 
No 
No . -
No 
No 
No 
No 
No 
4 '.' 

. •..... 

13% 
__ -1 ____ ---' 

variants are stemmed to the same root ; and if these sampled terms are not 

stopwords. Cocllran (1977) suggests taking thirty or more samples for this kind of 
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popu lation of terms with unknown distribution for objective eva luation. The 

sampled terms are shown in table 4.2. According to the sample of terms from 

the WORDSPACE model 37% of the terms are not properly stemmed and 13% of 

the terms are stopwords. 

There are some reasons for the improper stemming of the terms . The 

composition of complete list of affixes (prefixes and suffixes) and list of words 

associated with context sensitive rules requires intensive manual intervention. To 

compile exhaust ive lists of affixes and list of words associated with context 

sensi tive rules a team of domain experts should be engaged in a project work. 

Due to time constraint the lists employed in the stemmer are not adequate. The 

original stemmer adopts SERA for representation of the Amharic writing system 

where as the stemmer used in this research is based on Unicode with some 

adjustment on the original stemmer. Still , the other reason is that the original 

stemming algorithm assumes the Amharic writing system is alphabetic while the 

la test recogni tion of the writing system is syl labic. 

Few stopwords appear in the sample because no standard and exhaustive stoplist 

(negative dictionary) is used to eliminate nOrl -content bearing terms. Also, 

Improperly stemmed terms have also affected the detection of stopwords. 

Stopword eliminatio,l is done after stemming; and if an improperly stemmed 

stopword is encountered, the system has no means to eliminate it as it is not 

found in the stoplist. 
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4.3. THESAURUS EVALUA TlON 

Some properly stemmed terms are taken from the sample of table 4.2 and 

thesaurus is automatical ly generated for these terms using the de'Jeloped system . 

Table 4.3 shows the terms and thei r corresponding thesaurus matches. 

As table 4,3 shows 58% of the output has related concept to the respective term s. 

The rest 42% has no re lated concept. The reason for lower accuracy of the 

system is that the thesaurus generation algorithm misses homographs (e.g., fl'l t.'l 

mealling ce lebratioll or god is takell as a single term) The other reasoll for this 

anomaly may be that of the improperly stemmed terms alld the ulldetected 

stopwords. If all of the 

Ta hle .... 3. Sampl e term s and their th esauru s match es. 

terms were properly stemmed alld stopwords were cOlltrolled , a better output 

would have be ell expected, 
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CHAPTER FIVE 

APPLICATION OF THESAURUS IN IR SYSTEM 

For application of thesaurus, an IR system is implemented and its retrieval 

performance is eva luated based on precision and recall. The precision and recall 

measures are computed before and after using thesaurus for query expansion 

5.1. DEVELOPMENT OF RETRIEVAL SYSTEM 

For application of the thesaurus , an IR system is developed. The system 

architecture is depicted in figure 5.1. The system accepts document collections , 

applies text operation on the documents, and adds the documents to the inverted 

file index. When a query is submitted to the system , it searches for most likely 

relevant documents either using the query term alone or using the expanded 

query based on the thesaurus. The system components are discussed in the next 

subsections. 

5.1.1. Text Operation and Indexing System Components 

The text operation and indexing system components are designed as their 

counterparts of the thesaurus generation system in chapter three . 

5.1. 2. Searching System Component 

When a user enters query the system searches for most likely relevant documents 

either using the query term alone or using the expanded query based on the 

thesaurus. 
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The algorithm for the system 's searching component is given in figure 5.2. The 

query term is first analyzed. That means, normalization of characters , lexical 

analysis, stemming, and stopword elim ination wi ll be done on the query term as it 

is fu lly discussed in section 3.1 for creation of inverted file index. Then the query 

term is parsed Typical ly, a query parser is used to translate the user-specified 

keywords into a query with various operators that is executed against tile 

underlying indexes. If query is expansion is selected, the system automatical ly 

generates thesaurus terms for the query term and computes a score (a numeric 
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value of relevance) for each document, given a query. The output results are not 

the actual matching documents, but rather are references to the documents 

matched. 

1. Accept query term s 

2. Analyze the query terms 

3. Parse the query terms 

4. If query expansion is selected 

a. Generate thesaurus for the query terms 

5. Open the inverted index 

6. Search the inverted index with query 

7. Display most likely relevant documents for the query 

Figure 5.2. A I~~{)rithll1 for the search co mpollent. 

5.2. IMPLEMENTA TlON OF IR SYSTEM 

An IR system is implemented by using Lucene AP I package. The text operation 

and indexing system components are implemented as their counterparts of the 

thesaurus generation system in section 4.1. When a user enters query the system 

searches for most likely relevant documents either using the query term alone or 

using the expanded query based on the thesaurus . 

QueryParser.parse method of Lucene API is used to parse query terms; and 

IndexSearcher.search method is used to search the inverted file index. Full 

description of the AP ls is given in Appendix V 

The graphical user interface of the system , which is implemented in Java using its 

Swing components, is shown in figure 5.3. 
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The Amharic Bible corpus is classified into training and testing data sets. Then 

precision and recall of the IR system developed IS computed before and after 

using the thesaurus for query expansion. 
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Figure 5.3. Gnlpilica lu scr interrace of the I R system. 

Already WORDSPACE model has been developed based on the training dataset 

(i. e. , Old Testament documents) for the generation of the automatic thesaurus. 

When query expansion IS required , automatic thesaurus is generated based on 

the WORDSPACE model. 
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An inverted file index is constructed based on the testing dataset (i .e., New 

Testament documents) in order to evaluate the effectiveness of the thesaurus in 

query expansion whi le searching the testing dataset. The evaluation is carried out 

in terms of precision and recall of the IR system with query expansion and without 

query expansion. 

5.3. EVALUATION OF IR SYSTEM 

For objective evaluat ion of the automatically generated thesaurus, random 

samples of th irty terms are selected from the WORDSPACE model, see table 4.2. 

Among the thirty terms only ten are selected as a query term , since twenty of the 

sampled terms are found to be eithel" stopwords which are not controlled , not 

properly stemmed by the developed system , or convey only a general concept. 

The discussion of the sampled terms wi th regard to stemming and stopword 

el imination is found in section 4.2 . Since it is difficult to compile a list of relevant 

items for general concept terms and stopwords from the testing dataset, these 

terms are not used as query term . Then the testing dataset is searched in two 

different scenarios: with the query term alone and with the expanded query. In 

order to generate tllesaurus terms that are used for query expansion, the 

WORDSPACE model is searched with a query term that is provided. The top five 

most related thesaurus terms for the query are used for query expansion If more 

than the top five terms are selected, the output of re levant documents for 

expanded query will be too much. In order to make it manageable only the top five· 

most related t'arms are used for query expansion. Finally, the precision and recall 

of the system is computed in these scenarios. The experimentation result is 

shown in table 5.1. The relevant documents for eaGh query term are composed 

with domain experts . 
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The experimentation result in table 5.1 shows average precision and recall in 

terms of the user-oriented recall-average, which reflects the performance an 

average user can expect to obtain from the system. The average recal l values are 

37.29% and 73.34% before and after using thesaurus for query expansion , 

respectively. The corresponding average precisions are 88% and 44.31% , before 

and after using thesaurus . While there is an enhancement in recall of the system 

in using thesaurus, there is a decline in precision . The reason for the decline in 

precision is that automatically generated thesauri are used to improve retrieval 

performance by substituting the appropriate cluster of terms for one of its 

members. The heterogeneous nature of the clusters enhance recall of the retrieval 

system while decline the precision. For instance, If our query term is 11"1 and 

search documents without query expansion , then all documents that contain the 

term 11 "/ will be retrieved. Hence, tile precision will be high but the recall will be 

low. On the other liand, if the searching is with query expansion , not only the 

relevant documents to the query term WI will be retrieved but also those re levant 

to thesaurus matches of 11"1 such as ,1111:/ ' and '1:\'(.\ In this case while the recall 

will be superior to the previous case, the precision will be lower. So, the usage of 

the thesaurus for recall oriented IR systems is very crucial. 
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CHAPTER SIX 

CONCLUSION AND RECOMMENDATION 

This chapter presents the conclusion and recommendations for future study based 

on our findings . 

6. 1. CONCLUSION 

Amharic has been the wri tten language for a couple of centuries and has been 

widely spoken in Ethiopia and other parts of the world either as a mother tongue 

or a second language. The desktop publishing, the advent of the Internet, and the 

illtroduction of Unicode and its inclusion of the Ethiopic writing system - the 

writ ing system which Amharic uses - have brought a new era for the digitization of 

the language. As a result huge volume of Amharic information is accumulated ill 

digi tized format. This in turn leads to information explosion. IR has a solution for 

this newly emerging problem 

Among the components of IR systems , thesauri play a crucia l ro le for the 

enhancement of reca ll . Manual construction of thesauri is a labor intensive alld 

time-consum ing task; and also suffers low coverage It is costly, as it requires 

highly skilled experts in a subject domain; and is a highly conceptual and 

knowledge intensive task. Therefore, there is always a need towards the 

development of a specialized system to generate thesaurus automatically. The 

unique requirement of the system is that it should be domain independent, unlike 

the manual thesaurus construction techniques. In addition, the system should be 

scalable to process huge collection of documents and it should have fast 

response time especially when it is integrated to IR systems. 
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A corpora based automatic thesaurus generation approach is used in this 

research to construct thesaurus for Amharic document collections. A 

WORDSPACE model , which is used to generate thesaurus for a term , IS 

developed by the thesaurus generation system. In order to construct a 

WORDSPACE model , first an inverted file index is constructed . Apache Lucene 

and Semantic Vectors AP ls are used to construct the inverted file index and the 

WORDSPACE model , respectively. These AP ls have been proved for having 

powerful features for the development of IR systems (Widdows and Ferraro, 2008; 

Hatcher, 2005) . 

The Am haric Bible documents are used to train and test the thesaurus generation 

system developed. 78% and 22% of the documents are used as the training and 

testing dataset, respectively. 

Automatic Amharic thesaurus generation system is implemented for Amharic Bible 

documents using i'lpache Lucene and Semantic Vectors AP ls. Since the 

stemming and stopword elimination components of the system play an important 

role in the thesaurus generation process, these components are evaluated. The 

eva luation proceeds as follows: random samples of 30 terms are selected from 

the WORDS PACE model and are examined careful ly whether these terms are 

properly stemmed or are not stopwords . The objective eva luation of the stemming 

and stopword elimination components of the system shows that majority of the 

terms are properly stemmed and are not stopwords. Only 37% of the terms are 

not properly stemmed and only 13% of the terms are found to be stopwords. 

However, further research is recommended for the development of a better 

stemm ing algorithm and stopword elim ination technique to enhance the automatic 
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generation of thesaurus. The original stemmer has been rep.orted to have an 

accuracy of 95%. But its implementation in Java for Unicode encoded texts has 

lower accuracy This is mainly due to the stemmer was developed with the 

assumption that Amharic writing system is alphabetic, not syllabic, and utilizes 

SERA for representation of Amharic letters. But in this research it is adapted to 

Unicode encoded text which assumes a syllabic writing system. Also , due to time 

constrain t exhaustive list of affixes and li st of words associated to context 

sensitive rules are not utilized. 

The accuracy of the automatic Amharic thesaurus generation system is evaluated. 

A random sample of ten terms is selected from the WORDSPACE model and 

thesaurus is generated for each term automatically. The experimentation result 

shows 58% of the output has related concept to the respective terms. The rest 

42% has no related concept. The reason for this anomaly may be that of the 

improperly stemmed terms and the undetected stopwords . If all of the terms were 

properly stemmed and stopwords were controlled , a better output would have 

been expected 

In the application of the thesaurus for query expansion , an IR system is developed 

and its retrieval performance is evaluated based on precision and recall. The 

precision and recall measures are computed before and after using thesaurus for 

query expansion. In order to evaluate the system ten queries are randomly 

selected from the WORDSPACE model for the computation of precision and 

I"ecall. Then the testing dataset is searched in two different scenarios: with the 

query term alone and with the expanded query . In order to generate thesaurus 

terms that are usee: for query expansion, the WORDSPACE model is searched 
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witil a query term provided by tile system user. Tile top five most related 

tilesaurus terms for tile query are used during query expansion. Tile 

experimentation result silows an average precision and recall in terms of tile user­

oriented recall-average. Tile average recall values are 37 .29%and 73.34% before 

and after using tile tilesaurus for query expansion, respective ly. Tile average 

precisions are 88% and 44.31 % before and after using tile tilesaurus for query 

expansion , respectively. Wil ile tilere is an enilancement in recall of tile system in 

uSing tilesaurus , tilere is a decline in precision. Tile reason for tile decline in 

precision is tilat automatical ly generated tilesauri are used to improve retrieval 

performance by substituting tile appropriate cluster of terms for one of its 

members. Tile ileterogeneous nature of tile clusters enilance recall of tile retrieval 

system wilile decline tile precision. For instance, tile results of tests done by Faa 

et al. (2000) and Cilen et al. (1995) ilave silown improved in recall and decline in 

precIsion. So, tile usage of tile tilesaurus for recall oriented IR systems IS very 

crucial. 

Tile developed system for automatic tilesau rus generation for Amharic text 

retrieval is domain illdependent. Tilat means, tile system can be trained and used 

in a different domain. Since it is domain independent , it can be applied to otiler 

domains without any furtiler modification as long as the document collections 

have a UTF-8 Unicode encoding. Another outstanding feature of the system is its 

efficiency in terms of its response time. It takes only 12 minutes and 8 seconds to 

:::reate 20,315 term vectors in tile WORDS PACE. After tile WORDSPACE is 

created it takes only few milliseconds to generate tilesauru5 for a given term . Tile 

WORDSP;:\CE is created only once --and of course offline- unless !le'N 

documents are add2.d to the training dataset. So, the automatic th8S8L1ruS 
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generation system can be an ideal component for real time IR systems that 

provide fast response 

The WORDSPACE model is very sensitive to spelling errors since it considers a 

term wrongly spelt in different places as different terms . Besides, the model is built 

by assuming co-occurrence of terms within the "context window" at document 

level. But, the "context window" can be sma ller portion of a document (e.g., a 

paragraph) . 

6.2. RECOMMENDA nON 

Based on the findings of the research we would like to make the following 

recommendations for future work 

• Automatic thesaurus generation based on WORDS PACE model with 

another dimensionality reduction algorithms like Hyperspace Analogous to 

Language. 

• Automatic thesaurus generation based on "s liding context window" 

approach, which is a variant of WORDSPACE model. 

• Automatic thesaurus generation based on some other clustering algorithms 

such as k means clustering and single link clustering. 

. • Automatic thesaurus generation for mult ilingual thesauri which have 

parallel corpora (e.g. Bible and Legal Codes) with Amharic language 

• A domain independent Amharic stemm ing algoritllm that does not reyuire 

much human interven tion and can process Amharic text with a Unicode 

encoding. 

• An efficient method to eliminate non-content bearing terms (stopwords) or a 

standard Amharic stoplist. 

• Development of Amharic spelling and grammar correction . 

• Development of standard Amharic corpus that can be used for training and 

testing systems developed in the area of IR and Natural Language 

Processing (NLP). 
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APPENDICES 

Appendix I 

Ambiguities in Amharic writing. (Source: Yacob (2004) ) 
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Appendix /I 

Character code table for Ethiopic. 

(Source: htt121Iwww. unir;ode .orqlchartslPDFIU1200 ,pdO 
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Appendix /I (Continued) 
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Appendix IV 
Source Codes 

Source code for developing the inverted file index 

static fina l Fi le IN DEX DIR = new Fil e(" D li ndex"); 

II Index al l tex t fil es under C:lAm hari cBibl e directoly. 
pub li c static void mai n(String[] args) ( 

II Check if an index already exists 
if( INDEX_DIR.existsOl ( 

System.out.prin tln("Cannot save index to '" + fN DEX_DIR + '" directory, please 
delete it fir st"); 

Sys tem .exit( I) ; 

II Check the ex istance of readable til es under D:lAm hari cBib le directolY 
ti nal File docDir = new Fil e("D:I Amha ri cBib le "); 
if( ldocDirexistsO Il ldocDir.canReadOl ( 

Sys tem.out.println("Documenr di rectory '" + docDir.getAbsolutePathO + '" does 
not exist or is not readable, pl ease check the pa th "); 

System.exit( I); 

II Index ti les under C:lBib leRefined directory 
Date start = new DateO; 
tTy { 

IndexWriter w:iter = new IndexWriter(fNDEX_DIR, new AtnharicAnal yzer(), 
tru e, IndexWriter.MaxFieldLength . LIM ITED); 

Sy slem.out.println(" Indexing to directory'" + rNDEX_DIR ,. "'''); 
indcxDocs(writer, docDi r) ; 
Sys tem . ou I. pri n tin (" Opti m; zi ng .. "); 
wri ter.opri Illi zeO : 
writer cioseO ; 

Date end = new DateO; 
Sys tem .out.println(end.getTirneO - stal-t.getTimeO + " tota l milli seconds"); 

} calch ( IOExcepti on e) { 
System.out JJrilltln(" caught a " + e.getClassO + 

"\n \.vith message: If + e.getMessageO); 

static vo id inde;. Docs( lndexWriter writer, Fil e file) 
th rows IOException { 

II do not try to index ti les that cannot be read 
if (fil e.ca nReadO) { 

if (fi le. isDi recloryOl ( 



String[) tiles = flle .li stO; 
II an 10 error cou ld occur 
if (til es 1= nul l) { 

} 

for (int i = 0; i < file s. length ; i++) ( 

indexDocs(wri ter, new Fil e(fll e, fil es[i])) ; 

I else ( 
Systcm.oul. println (" adding" + fil e); 

wri ter. addDocu l11 ent(Fi I eDocu men t. Document(fi I e»; 

Source code for di sca rding non-letter ch aracters 

/** 
* Disca rd Am haric and Engli sh punctuat ion marks, leadi ng and trailing 

* spaces, and other non-l etter characters. 

* @return true when the character is lett er, otherwise return fal se. 

* 
* I mpl ements: org.a pache.1 ucene.anl aysi s. CharToken i ze r. i sToken( char) 

*1 
protected boolean isTokenChar(char c) { 

if ( I C I 1<11 acter. i sLetter( c)) ( 
ret urn false; 

) 
return Ii'ue; 

So urce co de for norm alizin g Amharic characters fo r spelli ng inconsistency 

/** 
* Normalize Am haric word sy llables for spelling inconsistency by replacing 

'.- cha racters that arc used interchangably with a com l11 on one 

* Overri des: org. apache.lucene.analysi s. CharTokeni zer. normal i ze( char) 

*1 
@Overn de 
protected char norntalize(char c) { 

IINormali ze h 
if (c == '\uI 20J' il c == '\uI210' II c == '\u I213' Ii c == '\uI2S0' II c == 'luI2SJ ' II c ~= 

'\u 12 BI3') { 
return '\u 1200'; 

} IINo rl1lalize hll 

eI sc if (c == '\1I I 2 I I ' II c == '\u I 2 S I') { 

retu rn '\u 120 t '; 
: II Norl1lalize hi 
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else if (c == '\uI 2 12' II c == '\uI282') { 
return '\uI 202'; 

} II on nali ze hy 
el seif'(c == '\uI 2 14' Il c == '\uI 284') { 

return '\uI 204'; 
} II Normali ze he 
el se if (c == '\uI 2 15' II c == '\uI285') { 

return '\uI205'; 
I II Normali ze ho 
el se if (c == '\uI 2 16' II c == '\uI286' II c == '\u 12eO') ( 

return '\uI206': 
) II Normali ze s 
else if(c == '\uI 220') { 

return '\uI 230' ; 
} II Normalize su 
el se if (c == '\uI22 I ') { 

return '\u I 23 I '; 
} II Normal i ze si 
el se i f (c == '\ul 222') { 

return '\uI 232'; 
} II onnalize sa 
else if(c == '\uI 223') { 

return I\ U 1233' ; 
} II Normalize sy 
else if(c == '\uI 224') ( 

return '\uI 234 1
: 

) II Normali ze se 
else if(c == '\ul 225') ( 

return '\uI 235', 
I II Normali ze so 
else if(c == '\uI 226') ( 

return '\uI 236', 
) II Normali ze x 
el se if(c == '\uI2A3' II c == '\uI 20 0' II c == '\u120 3') ( 

return '\uI2AO'; 
1 II Normali ze Xli 

elseif(c == '\uI201') ( 
return '\u I2A I '; 

1 II Normali ze x i 
el se if(c == '\uI 202') { 

return '\uI2A2'; 
} II Normalize Xl' 
else if (c == '\uI 204') { 

return '\uI2A4'; 
} II ormalize xe 
else it' (c == '\uI 2DS') { 

return 'Iu 121'.5' ; 
} II Normalize xn 
el se if (c == '\u 120 6') ( 

return '\u I2A6'; 
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) II Norma li ze ts 
elseif(e == '\uI340') { 

return '\uI 338'; 
} II Normal ize tsu 
else if(e == '\uI 341') ( 

return '\uI339'; 
} II Normali ze ts i 
else if (e == '\uI 342') { 

return '\uI 33A'; 
} II Normali ze tsa 
else if(e == '\u I343') { 

return '\L1 133B' ; 
} II Normalize ts), 
elseif(e == '\uI 344') { 

re turn '\uI 33C'; 
} II Normalize tse 
elseif(e == '\uI 34S') { 

return '\uI33D'; 
} II Normalize tso 
else if (e == '\uI 346') { 

return '\uI33F'; 
} II Normal ize qo 
else ir(c == '\uI 248') { 

return '\u 1246': 
} II Normalize qu 
elsei f (e == '\uI 24D') { 

return '\uI241', 
} II Normalize 1<0 
el se if(e =='\uI2BO') { 

relurn '\u 12AE'; 
} II orll1alize hwa 
el se it' (e == '\u 12C3') ( 

relurn '\uI28B' ; 
} II Normali ze go 
el se if (c == '\uI 3 10') { 

return '\uI 30E'; 
} II Normalize glVa 
el se if (c == '\uI 313') ( 

relurn '\uI 30F' ; 

return c; 

The sou rce code for developin g thl' WOIlDSPACE mod rl 

index Reader = 1 nd ex Reader.open( i ndex Di r) ; 

IICreatc ra ndom document vectors 
VeclorStoreSparseRAM randomBasicDocVectors = new VectorStoreSparseRA 10, for (i nl i = 0; i < nUIllVectors; ++i) { 
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short[] sparse Vector = VectorU ti I s.generateRandom Vector(seedLength , random); 
thi s.sparse Vectors. put( lntegeL toStri ng(i), sparse Vector) ; 

thi s. basicDoc Vecto rs = randomBasi cDoc Vectors; 

II Iterate through an enumerati on of terms and create term Vector 
TermEn um terms = th is.indexReadeLterm sO; 

terms = indexReader.tenn sO; 
whil e (tenn s nex t()) { 

Term term = term s. term 0; 

II skip terms that don't pass the filter 
if ( I term Fi I ter( terms term ())) { 

continue; 

II initiali ze new te rm Vector 
floa t[] tennVector = new float[ObjectVectoLvecLengthj; 
for (i nt i = 0; i < ObjectVectoLvecLength; ++i) { 

tenn V ector[i 1 = 0; 

Tenn Docs tDocs = indexReadeLtermDocs(term); 
whil e (tDocs . n~x t()) { 

} 

String dociD = IntegcrtoString(tOocs.doc()); 
float[] doc Vector = thi s. basi cOoc Vectors. get Vector( doc lD); 
int freq = tDocsJreqO; 

for (int i = 0; i < ObjectVector.vecLength ; ++i) { 
term Vector[i 1 += freq " doc Vector[i] ; 

term Vector = VectorUti I s.getNonnal ized Vector(term Vector); 
term Vectors. put(term tex tO, new Obj ectVector(tenn . textO, term Vector»; 

pri vate boolean termFilter(Term terlll) throws IOExcepti on ( 
II Fi eld filteL 
if( th is.fi eld sTo lndex 1= null ) { 

boolean des iredField = false; 
for (ill t i = 0; i < fi eldsTolndex. length ; ++i) { 

if (term . flel dO .equal s(li eldsTolndex[i])) { 
des i red Fi cI d = true; 

if(desiredField == fal se) { 
return t~ll se; 
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return true; 

The source code for generation of thesaurus terms 

int default lumResu lts = 5; 
String query Content = queryTextField .getTextO; 
Stri ng queryContentNorm = normali ze(queryCon tent) ; 
String qTerms [] = queryContentNorm .split(" "); 
String qS temmedTerms[] = stem(qTerms); 
LinkedLi st<Search Result> resul ts = Run Search( defaul tNum Resu l ts, qStem meciTerms) ; 

IINearest Neighbours output resu lts. 
String output = Itt' ; 

if(results.s izeO > 0) { 
for (Sea rch Result result . resul ts) ( 

output += «Object Vector) resu lt.ge tObject()).getObjectO.toSt ringO + " "; 
} 

I eI se ( 
output = "I'm sorry, there were no semantics ma tches" ; 

txtAreaOutput setText(output) ; 

public stati c Link eciLi st<SearchResult> RunSearch(int numResults, String[] queryTerl1ls) 
[ 

VectorSearcher vecSearcher; 
LinkedList<SearchResult> results = new LinkedLi stO; 
II Create VectorSea rcher and search for nearest neighbors. 

vecSea"cher = new 
VectorSearcher. VectorSearcherCosi ne(query Vec Reader, 
searchVecReader, IUtils, queryTerms); 

result s = vecSearcher.get ea restNeighbors(numResul ts) ; 
ret urn resul IS ; 
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Appendix V 

LLlcene and Semantic Vectors APls Used in This Research 

Source: 

Luce llc A P I - b.!W.{LJJ1~~. !).~."-1.p!).~.b~.,Qrg/j.9.y.g!..LLQlgp.iLiD-,1~.0.,I).U.ll!. 
SC111 a ll tic Vec tors A P I - htlp ://semanti cvecJors. !.!ooglecocje.com/sv n/trunk/docli ndex .. html 

addDoculllcn( 
public void addDocument (P.~_~_~l!I_~~~. doc) 

"dd 

III class: 
IlIdcxWritcr 

throws ~~E_r: _~P!7X~.9.~_~_~.~.~.~.E~j.?.~ f 
_~2~~ ct::.E~_~_<?~ 

Adds a document to thi s index . If the document contains more than 
.~.~.~.i'I" ".£.~.~}.C:!.L.~.n_g.~.bJ.~.'.'.U terms for a given ti eld, the remainder are di scarded . 
Note that if an Excepti on is hit (for example disk ful l) then the index will be 
consistent, but this document may not have been added. Furthermore, it's possible 
the index will l13 ve one segment in non-compound format even when usi ng 
compou nd til es (when a merge has partially succeeded) . 
This method pl'riodically nushes pending ciocuments to the Directory (see 9.P_QY';') , 
and also periodically triggers segment merges in the index according to the 

i'I."E.9-"-~~!o.~ .. c_Z i n use. 
Merges tempora ri ly consume space in the directory. The amoun t of space required 
is lip to I X the size of all segments being merged, when no readers/searchers are 
open against the index, and LIp to 2X the size of all segments being merged when 
readers/searchers are open against the index (see C:>P..t..~.[fI~.~." .. Ll. for detail s). The 
sequence of primitive merge upera tions performed is governed by the merge 
policy. 
Note that each te rm in the document can be 110 longer than 16383 characters, 
otherwise an IIl ega!A rgum entException will be thrown . 

ote that it's possib le to crea te an invalid Unicode string in java if a UTF 16 
surroga te pai r is malformed . In th is case, the invalid characters are silentl y replaced 
with the Uni code rep lacement character U+ FFFD . 
Throws: 

C:.().J: .J:.~.E~}.'2.cl.e..".~.~."~I?.t. .~.()D. - if the index is corru pt 
IOExcel?tion - if there is a low-level 10 error 

publiC final void add tFieldable fieldl 

111 Class: 
Docl1 m ent 

Adds a tield to a docu ment. Several ti elds may be added with the same na1l1 e. In 
this case, iftilC fie lds are indexed, their text is treated as though appended fo r tile 
purposes of sea rch . 
Nare that add like the removefield(s) methods on ly makes sense pri or to adding a 
document to an index . These methods cannot be used to change the content of an 
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opcn 

ex isting index l In order to achi eve thi s, a docum ent has to be deleted from an index 
and a new changed version of that document has to be added . 

public sta t ic IndexReader op e n (File pa t h) 

In class: 
I nde, Reader 

throws Co r rupt lndex Ex ception , 
IOExcepti on 

Returns a read/write Index Rea der reading the index in an FSDi rec tory in the 
named path. NOTE : starting in 3.0 thi s will return a readOnly In dex Reader. 
Parameters: 
p ath - the path to the index direc tory 
Throws: 
Corru p tI nde xException - if the indcx is corrupt 
IOExcept i on - if there is a low-level 10 error 

gencratcRa ndom Vec tor 
~ublic static sho r t[] generateRandomVect or ( i nt seedLength , 

j a v a . util . Random random) 

frel] 

In Class: 
VcctorUti ls 

Generates it basic sparse vector (dim ension = Fl ags.di mension) with main ly zeros 
and some I and -I entri es (seedLength/2 oreach) each vector is an array of length 
seed Length containing 1+ the index of a non-zero va lue, signed according to 
whether thi s is a + or -I . 
e.g. +20 would indica te a + I in pos ition 19, + I would indicate a + I in position 0 
20 would indicate a -I in position 19. -I would indicate it -I in position O. 
The extra orTset of + I is because pos iti on 0 woul d be un signed, and would 
therefore be wasted . Consequentl y we've chosen to make the code slight ly more 
compli cated to make the impl ementati on slightly more space effic ient. 
Returns: 
Sparse representation of basic ternary vector. Array of shOit signed integers, 
indices to the array locati ons where a +/-1 entry is located . 

inc freq il 

I n class: 
TcnnDocs 

Retu rns the frequency of the term with in the current documen t Thi s is invalid unlit 
rl"~.t: .. U .. is ca ll ed fo r the fi rst time. 
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fie ld 
public final .~.~.E.~.'2<;[ field t I 

In Cl ass: 
Term 

Returns the fi eld of thi s term, an interned string. The tield indi cates the part or a 
document whi ch thi s term came from . 

gc tNormal ized Vector 
public static float[] getNo rrnalizedVector (float[} vee) 

In class: 
Vcc tor Util s 

RelUrns the normalized version of a vector, i .e. sam e direction, unit length 
Paramctcrs: 
vec - Vector whose normal ized version is requested. 

opcnJnput 
public _~_'::!_~~_~l.~p._~_~ openlnput (!? _~E.~~.q name) 

throw 5 .~.2.~~.S:.~p'~_~.9.~ 

In class: 
'IMa p Dirrc tory 

Returlls (l strea m reading an ex isting f"ile . 
Ovcrr ides: 

.~.P.~~ .~.~P.~_~. ill ~ I ass .f..~.!?~. E:~::: .~_?EY. 
Th r ows: 
IOException 

gc tAdd it iveQuery Vector 
protected float[] getAdditiveQueryVector (javd . lang . String[] queryTerms ) 

In class: 
CO lli poun d Vec tor lluilder 

Returns a (possibl y wei ghted) normalized query vector created by adding together 
vectors ret ri eved from vector store. 
P~l ram elcrs: 

quet·yTerms - String array of quel·Y terms to look up 

--- - - -_._---_. __ ._--------
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getNea restNe igh boO's 
public java . util . LinkedList getNearestNeighbors (int numResults) 

In class: 
Vec torSearcher 

Thi s nea rest neighbor search is implemented in the abstract VectorSearcher class 
itself: this enables all subclasses to reuse the search whatever scoring method they 
im pl ement. Si nce query expressions are built into the VectorSearcher, 
getNearestNeighbors no longer takes a query vector as an argum ent. 
Paramcfcl"s: 

numResults - the number of resul ts / length of the result list. 

parse 
public Query parse (String query) 

throws ParseException 
In cl ass: 

searc h 

Q ll eryPa rse r 

Parses a query string, returning a Query. 
Parameters : 
query - the query string to be parsed. 
T hrows: 
!'_"E"~EC~,,~u().~. - if the pa rsi ng fail s 

pUblic TopDC?~~ search (vJeig.b..t: welght , 
Filter filter , 
int nDocs ) 

throws IOException 
In cl ass: 
In dexSearchei' 

Description copied from interface: :S_~_".r.."_I1_<>E.!:_~ 
Expert: Low-level search implementation . Finds the top n hits fo r query, applyi ng 
filter if non-nu ll. 
Cal led by Hi ts 

Appl ications should usua ll y cal l Searcher . search (Qu e ry) or 
Searcher . search (Query , Filter) in stead . 
Specified by: 
search in interface Searchable 
Specified by: 
search in class Searcher ----
Throws: 
IOE}:ception 

------------------------ .. _._---
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